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1 Introduction

Banking is the business of maturity transformation that involves short-maturity debts (deposit)

to finance long-maturity productive investments. Examples include commercial banks and

institutions in the shadow banking sector, such as structured investment vehicles (SIVs), money

market funds (MMFs), open-end mutual funds, etc. During the 2008 financial crisis and the

recent COVID crisis, many of those institutions suffered run-like behavior.1 This brings back

the question of how to reform those financial institutions to be less fragile in the future.

In their classical paper, Diamond and Dybvig (1983) show that the banking arrangement

of maturity transformation is an efficient risk-sharing mechanism, but is also subject to a bank

run, a perfectly rational self-fulfilling equilibrium among risk-averse depositors/investors with

private liquidity shocks. The existence of such bank run equilibrium is the byproduct of the

demand deposit contract in Diamond and Dybvig (1983), i.e., the bank keeps paying a fixed

amount to early withdrawals until it runs out of resources. In its induced withdrawal game, if

each investor believes that others want to withdraw from the bank, it is in his best interest to

get out of the bank as soon as he can do so. Therefore, a perfectly sound bank can become

insolvent, not for fundamental reasons but due to self-fulfilling beliefs or panic.

Then, a natural question to ask is if there is a banking contract, other than the demand

deposit contract, that can prevent bank runs, i.e., eliminate bank runs as reasonable equilibrium

outcomes in the withdrawal game. With a continuum of investors and independent types, i.e.,

aggregate certainty, Diamond and Dybvig (1983) show that the demand deposit contract with

a suspension of payment clause at a given threshold can prevent bank runs. However, in the

absence of aggregate certainty, as Diamond and Dybvig (1983) point out, such a contract is

neither efficient nor run-proof. To address the issue with aggregate uncertainty, Green and Lin

(2003) study a finite agent version of Diamond and Dybvig (1983) with a formal sequential

service constraint.2 They show that, with the presence of aggregate uncertainty, the optimal

banking contract is necessarily state-contingent and can prevent bank runs.

1For example, see Kacperczyk and Schnabl (2013) and Schmidt et al. (2016) for the run on money market
funds during the 2008 financial crisis, and see the latest issue of Federal Reserve’s Financial Stability Report
(May 2020) for detailed descriptions about those institutions’ funding risk during the COVID crisis.

2Wallace (1988, 1990) was the first to formally introduce sequential service constraint as a constraint in the
underlying environment instead of a feature in the banking contract. In Green and Lin (2003), they assume
that investors have imperfect knowledge about their orders to contact the bank. In this paper, I follow Green
and Lin (2000) and Ennis and Keister (2009) in assuming that each investor exactly knows his position in the
sequential service.
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There are two important conceptual contributions in Green and Lin (2003). First, they

expand the space of possible contracts available to the bank and perceive the bank as a mecha-

nism designer whose goal is to design an efficient banking contract that can prevent bank runs.

Second, by allowing state-contingent banking contracts, the bank is able to accumulate infor-

mation regarding investors’ withdrawal decisions and adjust its payments to early withdrawals

based on that information.3

Because of the nature of strategic complementarity, how much investors know about other

investors’ withdrawal decisions matters. Therefore, when the bank has the information that

investors need, there is no reason why the bank cannot simply disclose that information to

investors, especially if such information disclosure helps prevent bank runs. In this paper, I

allow the bank to disclose information and perceive it as an information designer whose goal

is to design an information disclosure scheme that could help the efficient banking contract

prevent bank runs.4 More specifically, when an investor comes to the bank, the bank can

now decide how much information it should disclose to this investor regarding the withdrawal

decisions made by investors who came before him.

From the perspective of information design, I can interpret the setup in Green and Lin

(2003) as the bank choosing to disclose no information to each investor. Therefore, Green and

Lin (2003) show that, with independent types, no information disclosure is enough to help

the efficient banking contract prevent bank runs.5 With correlated types, however, Ennis and

Keister (2009) show that no information disclosure sometimes fails to help prevent bank runs.

Hence, it remains an open question of whether there is an information disclosure scheme that

can help prevent bank runs when investors’ private types are correlated.

In this paper, I provide an answer to this question by studying full information disclosure as

in Andolfatto et al. (2007). Adding full information disclosure to the efficient banking contract

3In fact, several recent reforms on the shadow banking sector allow financial intermediaries to adopt more
state-contingent payment schedule to address those intermediaries’ susceptibility to massive redemption in times
of stress. For example, in 2014, the SEC approved a new regulation on MMFs, which gives prime MMFs the
discretion to impose redemption gates and liquidity fees if a fund’s weekly liquidity ratio falls below a certain
threshold. In 2018, another reform on open-end mutual funds approved by the SEC permitted funds to use
“swing pricing,” a process of adjusting the fund’s Net Asset Value (NAV) that reflects costs stemming from
shareholder transaction flows of the fund.

4Nosal and Wallace (2009) adopt a similar but more general perspective and allow the bank to disclose
each investor’s position in the sequential service. Their focus is on how information disclosure affects the set of
implementable allocations.

5With independent types and a more general environment, Andolfatto et al. (2007) study full information
disclosure in which the bank discloses to each investor detailed withdrawal decisions made by investors who
came before him. They show that it also helps prevent bank runs.
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induces an extensive-form withdrawal game that has a feature of sequential signaling.6 There-

fore, the choice of equilibrium concepts in the withdrawal game matters.7 More specifically,

what kind of beliefs over off-path information sets are reasonable?

My first result illustrates by examples that not all beliefs over off-path information sets are

reasonable. In particular, since in the framework of Diamond and Dybvig (1983), impatient

types have no reason to pretend to be patient, no reasonable belief should make investors be-

lieve that the report of being patient is a lie by the impatient type. Any equilibrium concept

that allows this kind of unreasonable belief over off-path information sets cannot predict rea-

sonable outcomes in the withdrawal game with full information disclosure. Therefore, Perfect

Bayes equilibrium, which allows any beliefs over off-path information sets, is not a reasonable

equilibrium concept for the withdrawal game with full information disclosure.8

To impose reasonable restrictions on the beliefs over off-path information sets in the equi-

librium concept, I use a natural refinement of Perfect Bayes equilibrium, forward induction

equilibrium, introduced by Cho (1987) that generalizes the “intuitive criterion” in the classical

signaling games.9 Theorem 1 shows that if the efficient allocation satisfies a condition, condi-

tion [I], the truth-telling strategy is the unique forward induction equilibrium in the withdrawal

game with full information disclosure. In other words, all bank run equilibria fail to survive in

the forward induction refinement.

Then, under what assumptions on the parameter values do the efficient allocation satisfy

condition [I]? With independent types, Green and Lin (2003) identify two sufficient assumptions

on the utility function. In Theorem 2, I generalize their result to my setup with correlated types

and identify one more monotonicity assumption on the correlation structure.10 Therefore, by

Theorem 1 and 2, I show that, under certain assumptions on the utility function and the

6When there are only two investors in the economy, the withdrawal game with full information disclosure
boils down to a signaling game with the first investor in line as the sender and the second investor as the receiver.

7Note that with information schemes in which the bank only reveal each investor’s position or reveal nothing
at all, the induced withdrawal game is necessarily static despite the dynamic nature of the sequential service
constraint. Therefore, Bayes Nash equilibrium is the natural equilibrium concept to predict reasonable outcomes
in the withdrawal game.

8With independent types and full information disclosure, Andolfatto et al. (2007) use Perfect Bayes equilib-
rium as the equilibrium concept for the withdrawal game. See Section 3 for why their result breaks down with
correlated types.

9In fact, forward induction equilibrium is also a refinement of sequential equilibrium. In Section 3, I show
that sequential equilibrium is not a reasonable equilibrium concept for the withdrawal game with full information
disclosure.

10See Appendix E for an illustration of the monotonicity assumption using a conditionally independent model
that is commonly used in the mechanism design literature to model correlated types.
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correlation structure, full information disclosure helps the efficient banking contract eliminate

all bank runs as reasonable equilibrium outcomes, and hence prevent bank runs.

Following the spirit of Green and Lin (2003), several recent papers explore the possibility

of using indirect mechanisms that ask investors to report more messages to prevent bank runs.

For example, in the setup of Peck and Shell (2003), Andolfatto et al. (2017) study an indirect

mechanism that also asks investors to report their beliefs regarding whether there is a run going

on and the bank will suspend early payments whenever any investor reported that they believe

there is a run. They show that such an indirect mechanism can prevent bank runs. See also

Cavalcanti and Monteiro (2016) and Payne and Weiss (2018) for other indirect mechanisms. In

this paper, instead of asking more reports from investors, I show that the bank could prevent

bank runs by providing more information to investors.

This paper is also related to the rapidly growing literature on information design following

the seminal works by Kamenica and Gentzkow (2011) and Bergemann and Morris (2016). More

specifically, in the D-D framework, several papers have studied information design on the asset

side to answer questions like the design of stress test and asset transparency (See Parlatore

(2015), Bouvard et al. (2015), Faria-e Castro et al. (2017), Williams (2017), and Inostroza

(2019)). Instead, in this paper, I focus on information disclosure on the liability side, and show

that information regarding other investors’ withdrawal decisions also plays an important role

in coordinating investors’ decisions.

The paper is organized as follows. The next section introduces the underlying environment

and the withdrawal game with full information disclosure. Section 3 studies three examples

to illustrate why information disclosure is useful in my setup with correlated types and why I

need to impose reasonable restrictions on beliefs over off-path information sets. In section 4, I

give a formal definition of forward induction equilibrium and present my main results. Section

5 discusses other extensions, and Section 6 concludes with policy implications.

2 The setup

2.1 The environment

The economy consists of two time periods, indexed by t ∈ {0, 1}, a finite number of investors,

indexed by i ∈ I = {1, 2, · · · , I}, and a single consumption good that can be consumed in both
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periods. Each investor i learns his private type ωi ∈ Ω = {0, 1} in period 0, and his utility is

given by11

ui(ai, ωi) =

v(a0
i ) if ωi = 0

ρv(a0
i + a1

i ) if ωi = 1,
(1)

where ai = (a0
i , a

1
i ) denotes the consumption of investor i in each period, ρ > 0, and, as in

Green and Lin (2003), function v : R+ → R is assumed to satisfy the following properties:

Assumption 1. (i) v is strictly increasing, twice continuously differentiable and strictly con-

cave; (ii) v satisfies the Inada conditions where limc→0 v
′(c) = ∞ and limc→∞ v

′(c) = 0; and

(iii) relative risk aversion of v is greater than and equal to 1 everywhere, i.e., for any c ∈ R+,

−cv”(c)

v′(c)
≥ 1.

Therefore, if ωi = 0, the investor is impatient and only values consumption in period

0. If ωi = 1, the investor is patient and values consumption in both periods. I call ω =

(ω1, ω2, · · · , ωI) ∈ ΩI the state of the economy. Furthermore, let ω−i = (ωi−1, ωIi+1) where

ωi−1 = (ω1, · · · , ωi−1) ∈ Ωi−1 and ωIi+1 = (ωi+1, · · · , ωI) ∈ ΩI
i+1.

I allow investors’ types to be correlated, and following Ennis and Keister (2009), define the

probability measure P on (ΩI ,B(ΩI)) as

P(ω) =
p(θ(ω))

C(I, θ(ω))
,

where C(I, θ) = I!
θ!(I−θ)! , p : {0, 1, · · · , I} → (0, 1] is an exogenous probability mass function

satisfying
N∑
θ=0

p(θ) = 1, and θ(ω) is the number of patient investors in the state ω.12 As a

consequence, the assumption of independent types studied in Green and Lin (2003) is a special

11The introduction of ρ is only for constructing examples in Section 3. When ρ = 1, the utility function
is exactly the same as the one studied in Green and Lin (2003). Peck and Shell (2003) and Andolfatto et al.
(2017) also used a similar utility function.

12One way to interpret this formulation is the following: Nature first chooses the total number of patient
investors θ according to an exogenous probability mass function p(·), where p(θ) is the probability that θ
investors are patient. Then θ investors are chosen at random (with each investor equally likely to be chosen)
and assigned ωi = 1. The remaining investors are assigned ωi = 0. Under this approach, each investor has the
same ex ante probability of being patient.
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case where the probability mass p is given by the binomial distribution

p(θ) = C(I, θ)(1− π)θπI−θ,

where π is the probability of each investor being impatient.

There is also a benevolent intermediary that attempts to distribute resources to maximize

investors’ expected utility. It has an aggregate endowment of I units of the consumption

goods in period 0 and an investment technology transforming each unit of the good that is not

consumed in period 0 into R units of the good in period 1. Throughout the paper, I assume

that ρR > 1.13 At the end of period 1, the intermediary distributes allocation ai = (a0
i , a

1
i ) to

each investor i, and I call allocation bundle a = (a1, a2, · · · , aI) an ex-post allocation (bundle).

Definition 1. An ex-post allocation a is feasible if the following holds:

∑
i∈I

(a0
i +

a1
i

R
) ≤ I.

In words, the present value of total allocation the intermediary can distribute should not

exceed the endowment. Let A denote the set of all feasible ex-post allocations. Because of the

presence of aggregate uncertainty, the intermediary needs to assign allocation contingent on the

state. A state-contingent allocation, denoted as a, is an mapping from ΩI to A. Let the set of

feasible state-contingent allocations be

F = {a : ΩI → A}.

Lastly, there is one more constraint in the environment, the sequential service constraint, that

restricts the way the intermediary can assign allocations. Following Wallace (1988), I assume

that investors are isolated from each other and from the intermediary at the beginning of

period 0, but each investor have an opportunity to contact the intermediary in each period in

order to receive goods. Their orders to contact the intermediary are fixed and given by the

index i, beginning with investor 1 and ending with investor I. Goods are nonstorable and

must be consumed immediately after contacting the intermediary.14 As a consequence, the

13When ρ = 1, this assumption reduces to R > 1, which is the assumption in Diamond and Dybvig (1983)
and Green and Lin (2003).

14This assumption eliminates the possibility for trade among investors after contacting the intermediary. See
Jacklin (1987) and Wallace (1988) on this point.
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intermediary cannot ask investors to wait until the end of period 0, and has to determine the

period-0 consumption of investor i by the partial history ωi = (ω1, ω2, · · · , ωi) ∈ Ωi. Formally,

the sequential service constraint can be written as

a0
i (ω) = a0

i (ω̂) for all ω, ω̂ such that ωi = ω̂i. (2)

In other words, the sequential service constraint is a measurability condition that specifies

period-0 consumption of investor i as a function mapping from Ωi to R+, i.e., a0
i (·) : Ωi →

R+. Denote the set of feasible state-contingent allocations that satisfy the sequential service

constraint as

Fs = {a ∈ F| condition (2) holds for all i}.

2.2 The efficient allocation

In this section, I derive the efficient state-contingent allocation assigned by the intermediary, i.e.,

the state-contingent allocation that maximizes investors’ expected utility if the intermediary

could perfectly observe investors’ types.

Given a state-contingent allocation a and a (true) state ω∗, denote investor i’s expected

utility conditional on his true type being ω∗i by

Ui(a, ω
∗) = Eω−i

[ui(a
0
i (ω

i−1, ωi), a
1
i (ω

i−1, ωi, ω
I
i+1), ωi)|ωi = ω∗i ].

Then the efficient allocation is the solution to the following maximization problem:

max
a∈Fs

∑
i∈I

E[Ui(a, ω)]

That is, the efficient allocation, denoted as a∗, is a state-contingent allocation satisfying the

sequential service constraint and maximizing investors’ expected utility. Note that, under the

preference in (1), the efficient allocation a∗ must satisfy

a0
i (ω) = 0 if ωi = 1 and a1

i (ω) = 0 if ωi = 0. (3)

In other words, the efficient allocation a∗ requires that impatient investors only consume in

period 0 and patient investors only consume in period 1. Furthermore, by Assumption 1, since
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investors are risk-averse, so the resources remaining in period 1 will be divided evenly among

the patient investors in a∗, that is,

a1
i (ω) =

R(I −
∑I

i=1 a0
i (ω))

θ(ω)
. (4)

Example 1 (Ennis and Keister, 2009): Figure 1 depicts the efficient allocation for the

4-investor example in Ennis and Keister (2009) with CRRA utility function, i.e.,

v(x) =
x1−γ

1− γ
,

Types are correlated and p(·) is defined as

p(2) = 1− ε, p(θ) =
ε

4
for θ = 0, 1, 3, 4, (5)

where p(θ) is the probability of the set of states in which exactly θ investors are patient and

set ε = 0.0004. The other parameter values are ρ = 1, R = 2 and γ = 6. The circles

correspond to partial histories in which investor 1 is impatient, while the triangles correspond

to histories in which investor 1 is patient. Note that, even with small aggregate uncertainty,

the efficient allocation is more complicated than the one without aggregate uncertainty, i.e.,

ε = 0. In particular, the last investor’s early payment depends on first three investors’ types.

For example, investors 4’s early payment after three impatient investors (the circle at bottom

right) is way smaller than his early payment after three patient investors (the triangle at upper

right).

2.3 Withdrawal game with full information disclosure

When the intermediary assigns the efficient allocation, Green and Lin (2003) and Ennis and

Keister (2009) studied a withdrawal game in which, upon approaching the intermediary, each

investor reports a type to the intermediary based on their true types. In other words, in their

withdrawal game, when it is investor i’s turn to approach the intermediary, the only information

investor i knows is his private type. However, before investor i approaching the intermediary,

the intermediary has already accumulated reports made by the first i− 1 investors. Therefore,

the intermediary chooses not to reveal to investor i the information regarding first i−1 investors’
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Figure 1: Early Consumption in the Efficient Allocation for Example 1

reports in the withdrawal game studied in Green and Lin (2003) and Ennis and Keister (2009),

which I call the withdrawal game with no information disclosure.

In this paper, I instead study the withdrawal game with full information disclosure, i.e., the

intermediary chooses to tell each investor everything it knows so far about previous reports.

Consequently, the withdrawal game is an extensive-form game with incomplete information in

which each investor’s reporting strategy now depends on not only his true type but previous

investors’ reports. Usually, the notation required to formally define an extensive-form game is

complicated. To simplify my formal description of the withdrawal game with full information

disclosure, I will emphasize the following parts of the withdrawal game that are essential for

my analysis:

• Nature: Nature moves sequentially, and chooses ωi ∈ Ω for investor i right after investor

i− 1 approaches the intermediary but before investor i approaches the intermediary;

• Decision node: The set

H i = {(ri−1, ωi)|ri−1 ∈ Ωi−1, ωi ∈ Ωi},

denotes the set of investor i’s decision nodes, where ri−1 = (r1, r2, · · · , ri−1) ∈ Ωi−1 is

9



the history of previous reports and ωi = (ω1, ω2, · · · , ωi) ∈ Ωi is the history of previous

investors’ true types including investor i;

• Information set: I ω̂i
i (r̂i−1) denotes investor i’s information set given that first i − 1

investors report r̂i−1 and his true type ω̂i. That is,

I ω̂i
i (r̂i−1) = {(ri−1, ωi)|ri−1 = r̂i−1, ωi = ω̂i} ∈ Ii.

Here, Ii denotes the set of investor i’s information sets. In other words, although ω̂i-type

investor i observes the previous reports, he still cannot distinguish the first i−1 investors’

true types;

• Belief: µi : Ii → ∆(Ωi−1) denotes investor i’s belief function. In particular, µi(ω
i−1; I ω̂i

i (r̂i−1))

specifies investor i’s belief over the first i−1 investors’ true types being ωi−1 after knowing

his true type ω̂i and being told the previous reports r̂i−1. Let µ = (µ1, µ2, · · · , µI) denote

a system of beliefs;

• (Behavioral) Strategy: ri : Ii → Ω denotes investor i’s (behavioral) strategy which

specifies his report at each of his information sets. Let r = (r1, r2, · · · , rI) denote a strat-

egy profile of the game. A strategy profile is called the truth-telling strategy if investors

report their true types at every information set, and a strategy profile is called a partial-

run strategy if some patient investors report to be impatient at some of their information

sets.15

Given the efficient allocation a : ΩI → A and any strategy profile r, at information set

I ω̂i
i (r̂i−1), investor i’s expected payoff of reporting ri under the belief µi, denoted as Uµi

i (ri, r
I
i+1|I

ω̂i
i (r̂i−1)),

is

Uµi
i (ri, r

I
i+1|I

ω̂i
i (r̂i−1)) =

∑
ωi−1∈Ωi−1

µi(ω
i−1; I ω̂i

i (r̂i−1))EωI
i+1

[ui(a
0
i (r̂

i−1, ri), a
1
i (r̂

i−1, ri, r
I
i+1), ω̂i)|ωi−1, ω̂i].

Therefore, I say ri is sequentially rational given strategy profile r at information set

15By the preference in (1), impatient type will never lie to be patient. Therefore, throughout the paper, I
am interested in strategies where patient type lies to be impatient.
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I ω̂i
i (r̂i−1) of investor i under the belief µi if

ri ∈ argmax
r′i∈Ω

Uµi
i (r′i, r

I
i+1|I

ω̂i
i (r̂i−1)).

Furthermore, I say that information set I ω̂i
i (r̂i−1) is on-path given strategy profile r if for

each k = 1, 2, · · · , i− 1 there exists a ωk such that

rk(r̂
k−1, ωk) = r̂k.

Otherwise, I say information set I ω̂i
i (r̂i−1) is off-path given strategy profile r. Similar notations

apply to mixed (behavioral) strategy σ = (σ1, σ2, · · · , σI), where σi : Ii → ∆(Ω). In particular,

σi(ri; Ii) denotes the probability of investor i reporting ri at information set Ii.

In the setup with independent types, Andolfatto et al. (2007) used Perfect Bayes equilibrium

as the equilibrium concept for the withdrawal game with full information disclosure. Now, I

introduce the formal definition of Perfect Bayes equilibrium in my setup.

Definition 2. A strategy profile σ is a Perfect Bayes Equilibrium (PBE) in the withdrawal

game with full information disclosure if there exists a system of beliefs µ such that, for any i

and any information set I ω̂i
i (r̂i−1), the following hold:

1. If I ω̂i
i (r̂i−1) is on-path given σ, then µi(I

ω̂i
i (r̂i−1)) is uniquely pinned down by σ following

Bayes’ rule;

2. σi(I
ω̂i
i (r̂i−1)) is sequentially rational under µi;

Note that if investors’ types are independent, investor i’s belief about previous investors’

types does not affect his belief about the remaining investors’ types. However, in my setup with

correlated types, investor i’s belief about previous investors’ types does affect his belief about

the remaining investors’ types. Hence, different beliefs over off-path information sets might

result in different sequentially rational reports, which might rationalize a partial-run strategy

to be a Perfect Bayes equilibrium.
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3 Examples

In this section, I will discuss three examples with correlated types. The first example is the

4-investor example studied in Ennis and Keister (2009) in which there exists a partial-run

Bayes-Nash equilibrium (BNE) in their withdrawal game with no information disclosure. The

existence of such partial-run BNE is due to the classical self-fulfilling belief among investors.

However, I show that full information disclosure can break down the self-fulfilling belief in

their partial-run BNE. In fact, in this example, no partial-run strategy can be a PBE in the

withdrawal game with full information disclosure.

The result of the truth-telling strategy being the unique PBE in the first example shows that

adding full information disclosure to the withdrawal game is a promising way to eliminate bank

runs. However, in the withdrawal game with full information disclosure, given any partial-run

strategy there exist some off-path information sets. In PBE, I can pick any belief over those

off-path information sets. I will show in example 2 and 3 that one can pick some unreasonable

beliefs over off-path information sets that rationalize a partial-run PBE. Therefore, it raises

the question of reasonable beliefs and of whether PBE is a reasonable solution concept for

predictions in the withdrawal game with full information disclosure.

Example 1 (Continued): With the intermediary assigning the efficient allocation in Figure

1, let us first recall the result in Ennis and Keister (2009). In the withdrawal game with no

information disclosure, they showed that there exists a partial-run BNE in which the first two

investors always report to be impatient, and the last two investors always report truthfully.

The partial-run BNE is interesting in the sense that patient investor 2 still chooses to lie

even with the understanding that investors after him will report truthfully. As explained in

Ennis and Keister (2009), the existence of this BNE is due to correlated types that induce

a “divergent belief” between patient investor 2 and the intermediary regarding the remaining

investors’ types.

More specifically, first note that, by probabilities in (5), it is almost certain that there will

be two patient investors in the economy. On the one hand, for patient investor 2, if he believes

the early withdrawal made by investor 1 is a lie by the patient type, then in his belief, there are

already two patient investors. Therefore, the last two investors should all be impatient, making

him less willing to report to be patient. On the other hand, for the intermediary following the

efficient allocation, when the first two investors all report to be impatient, the intermediary
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believes that the first two investors are indeed impatient, and the last two investors should all

be patient. Therefore, the intermediary is willing to give investor 2, the last impatient investor

in its belief, a large early allocation, making investor 2 more willing to report to be impatient.

In other words, patient investor 2 has a more “pessimistic” view about the remaining in-

vestors than the intermediary’s assessment in the efficient allocation, which makes lying an

attractive option for him. The existence of this BNE is entirely self-fulfilling because patient

investor 2 chooses to lie because he believes that patient investor 1 chooses to lie, and vice

versa. Note that if types are independent, then the “divergent belief” discussed above cannot

happen because the last two investors’ types are independent of what happened for the first

two investors.

Now let’s focus on the withdrawal game with full information disclosure. Note that in the

previous BNE, patient investor 1 chooses to lie because he believes investor 2 will also choose to

lie no matter what his choice is. However, with full information disclosure, investor 1’s report is

observable by investor 2. In particular, if investor 1 reports to be patient, i.e., r1 = 1, investor

2 at information set I1
2 (1) will always report truthfully, which makes investor 1 also willing to

report truthfully. Therefore, the self-fulfilling belief in the partial-run BNE no longer holds

with the introduction of full information disclosure. In fact, the truthful strategy is the unique

PBE in the withdrawal game with full information disclosure.16

Let us see why it is sequentially rational for investor 2 to report truthfully at I1
2 (1). If

patient investor 2 reports to be impatient, then he will get allocation a1
2(1, 0) = 1.28. However,

if patient investor 2 reports to be patient, the worst possible late period allocation, i.e., when

the last two investors are all impatient, is a2
2(1, 1, 0, 0) = 1.44, which is bigger than a1

2(1, 0). In

other words, whatever beliefs I impose at investor 2’s information set I1
2 (1), it is sequentially

rational for investor 2 to report truthfully.

As illustrated in the above example, information disclosure can help break down the self-

fulfilling belief that induces the partial-run BNE in the withdrawal game with no information

disclosure. However, it happens to be the case that in this example belief at I1
2 (1) does not

affect its sequentially rational choice. In the next two examples, I will pick some specific beliefs

at off-path information sets that turn out to rationalize a partial-run PBE.

16By Lemma 2 in Ennis and Keister (2009), the last two investors always report truthfully. For completeness,
one can check that it is sequentially rational to choose r2(I12 (0)) = 1 at I12 (0). Also, it is straightforward to
check that any mixed strategy that is not the truth-telling strategy cannot be a PBE.
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Figure 2: Early Consumption in the Efficient Allocation for Example 2

Example 2 (A partial-run PBE): Consider a 5-investor environment with CRRA utility

function. Let ρ = 0.8, γ = 6, R = 1.5 and set

p(3) = 1− ε; p(θ) =
ε

5
, for θ = 0, 1, 2, 4, 5, (6)

where I let ε = 0.05%. Figure 2 depicts the efficient allocation.17

First, note that for any partial-run strategy r with r1(I1
1 ) = 0, i.e., patient investor 1 chooses

to lie, all information sets after report r1 = 1 are off-path and, therefore, I can choose arbitrary

belief over them. Since the last two investors will always report truthfully (Lemma 2 in Ennis

and Keister (2009)), let’s focus on the off-path information set I1
3 (1, 0) for investor 3. The belief

I pick for I1
3 (1, 0) is

µ3(ω1 = 1, ω2 = 1; I1
3 (1, 0)) = 1. (7)

That is, patient investor 3 believes that investor 2’s report r2 = 0 is actually a lie made

by the patient type. Then, given such belief, patient investor 3 believes that the first three

investors are all patient. Note that, by probabilities in (6), it is almost certain that there are

exactly three patient investors in the entire economy. Therefore, patient investor 3 believes that

17Following the same steps in the proof of Proposition 1 in Ennis and Keister (2009), the same recursive

equation applies with ΨI(x) = (xR
1−γ
γ ρ

1
γ )γ to utilize the numerical algorithm in Ennis and Keister (2009).
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the remaining investors should be all impatient, which corresponds the late period allocation

a1
3(1, 0, 1, 0, 0) = 1.1018. However, if patient investor 3 reports to be impatient, he will get

the early period allocation a0
3(1, 0, 0) = 1.231, which is bigger than a1

3(1, 0, 1, 0, 0). Hence, it is

sequentially rational for investor 3 to report to be impatient at I1
3 (1, 0) given the belief in (7).

Because of the belief I picked at I1
3 (1, 0), patient investor 3 has a “pessimistic” view towards

the remaining investors’ types despite the fact that the remaining investors will always report

truthfully. On the other hand, the intermediary following the efficient allocation believes that

there will be one more patient investor in the remaining investors since investor 1 reported to

be patient. In other words, the intermediary is more optimistic about the remaining investors’

types. This idea of “divergent belief” is similar to the one in Ennis and Keister (2009).

At the off-path information set I1
3 (1, 1) of investor 3 and I1

2 (1) of investor 2, one can check

that it is sequentially rational to report truthfully for any belief. That is, r2(I1
2 (1)) = 1 and

r3(I1
3 (1, 1)) = 1. In other words, investor 3’s lying at information set I1

3 (1, 0) is the only concern

for patient investor 1 if he chooses to report to be patient. Indeed, I will show that this concern

is strong enough that it is also sequentially rational for patient investor 1 to lie. To see this,

with r2(I1
2 (1)) = 1, the report r2 = 0 will be observed by patient investor 3 only when investor

2 turns out to be impatient, i.e., ω2 = 0. To see how likely this case will be, note that, given

investor 1 is patient and p(3) ≈ 1, the most likely realization for ω5
2 = (ω2, ω3, ω4, ω5) is when

θ(ω5
2) = 2, i.e., there are two more patient investors in the remaining fmy investors, and each

realization is equally likely. Since there are C(4, 2) = 6 possible realizations of ω5
2 such that

θ(ω5
2) = 2, patient investor 1’s belief regarding the remaining investors’ types is that, for any

ω5
2 such that θ(ω5

2) = 2,

P (ω5
2|ω1 = 1) ≈ 1

6
,

In particular, when ω5
2 = (0, 1, 0, 1) and ω5

2 = (0, 1, 1, 0), investor 3 will be patient and will

be told that investor 2 reported to be impatient. Therefore, for those two realizations of ω5
2,

patient investor 3 will choose to lie under the belief I picked in (7). Now, I compare investor

1’s expected payoff of reporting 0 and 1 at I1
1 :

Report 0: v(a0
1(0)) = v(1.231) = −0.0708;

Report 1: Eω5
2
[v(a1

1(1, r2, r3, r4, r5))|ω1 = 1]

= P (ω2 = 0, ω3 = 0, ω4 = 1, ω5 = 1|ω1 = 1)v(a1
1(1, 0, 0, 1, 1))
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+ P (ω2 = 0, ω3 = 1, ω4 = 0, ω5 = 1|ω1 = 1) v(a1
1(1, 0, 0, 0, 1))︸ ︷︷ ︸
r3(I13 (1,0))=0

+ P (ω2 = 0, ω3 = 1, ω4 = 1, ω5 = 0|ω1 = 1) v(a1
1(1, 0, 0, 1, 0))︸ ︷︷ ︸
r3(I13 (1,0))=0

+ P (ω2 = 1, ω3 = 0, ω4 = 0, ω5 = 1|ω1 = 1)v(a1
1(1, 1, 0, 0, 1))

+ P (ω2 = 1, ω3 = 0, ω4 = 1, ω5 = 0|ω1 = 1)v(a1
1(1, 1, 0, 1, 0))

+ P (ω2 = 1, ω3 = 1, ω4 = 0, ω5 = 0|ω1 = 1)v(a1
1(1, 1, 1, 0, 0))

≈ 1

6
v(1.269) +

1

6
v(1.1751) +

1

6
v(1.1018) +

1

6
v(1.269) +

1

6
v(1.269) +

1

6
v(1.269)

=
1

6
v(1.1751) +

1

6
v(1.1018) +

2

3
v(1.269)

= −0.0759 < −0.0708.

Therefore, r1(I1
1 ) = 0 is sequentially rational. To complete my description of the partial-run

PBE, it is straightforward to show that r2(I1
2 (0)) = 0, r3(I1

3 (0, 0)) = 1 and r3(I1
3 (0, 1)) = 1.

Therefore, the equilibrium outcome of this partial-run PBE is that the first two investors lie

and the remaining investors tell the truth. Furthermore, it is straightforward to check that the

truth-telling strategy is also a PBE.

In example 2, the belief I pick at the off-path information set I1
3 (1, 0) of investor 3 has the

feature that the report of being impatient is believed to be a lie by the patient type, which

rationalizes a partial-run PBE. In the next example, I will pick a completely different belief at

some off-path information sets that can also rationalize a partial-run PBE. In particular, the

belief I will pick has the feature that the report of being patient is believed to be a lie by the

impatient type.

Example 3 (Another Partial-run PBE): Consider a 6-investor environment with CRRA

utility function. Let ρ = 0.7, γ = 6, R = 1.5, and set

p(1) =
1− ε
100

, p(4) =
4(1− ε)

100
, p(5) =

95(1− ε)
100

; p(θ) =
ε

4
, for θ = 0, 2, 3, 6, (8)

where I let ε = 0.0004%. Figure 3 depicts the efficient allocation.

Again, for any partial-run strategy r with r1(I1
1 ) = 0, all information sets after report r1 = 1

are off-path and I can therefore choose arbitrary beliefs over them. Also, the last two investors
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Figure 3: Early Consumption in the Efficient Allocation for Example 3

will always report truthfully (Lemma 2 in Ennis and Keister (2009)). Let’s focus on the off-path

information set I1
4 (1, 1, 1) of patient investor 4. The belief I pick for I1

4 (1, 1, 1) is

µ4(ω1 = 0, ω2 = 0, ω3 = 0; I1
4 (1, 1, 1)) = 1. (9)

That is, patient investor 4 believes that the report of being patient is a lie by the impatient

type. Then, given such belief, patient investor 4 believes that he is the only patient investor

in the first fmy investors. With only two investors left, for patient investor 4, the maximal

number of patient investors in the economy can only be three. By probabilities in (8), patient

investor 4 believes that he will be the only patient investor in the economy and therefore the

remaining investors should all be impatient, which corresponds to the late period allocation

a1
4(1, 1, 1, 1, 0, 0) = 1.2645. However, if patient investor 4 reports to be impatient, he will

get an early period allocation a0
4(1, 1, 1, 0) = 1.3717, which is greater than a1

4(1, 1, 1, 1, 0, 0).

Hence, it is sequentially rational for investor 4 to report to be impatient at I1
4 (1, 1, 1), i.e.,

r4(I1
4 (1, 1, 1)) = 0, given the belief in (9).

Again, because of the belief I picked at I1
4 (1, 1, 1), I have a “divergent belief” at I1

4 (1, 1, 1)

between patient investor 4 and the intermediary. On the one hand, patient investor 4 believes

that all remaining investors will be impatient, a “pessimistic” view towards the remaining

investors’ types. On the other hand, the intermediary following the efficient allocation believes
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that there will at least one more patient investor in the remaining investors since the first three

investors all reported to be patient, an “optimistic” view towards the remaining investors’ types.

Using the same belief (9) at I1
4 (1, 1, 0), it is straightforward to show that r4(I1

4 (1, 1, 0)) = 0 is

sequentially rational. Now with r4(I1
4 (1, 1, 1)) = 0 and r4(I1

4 (1, 1, 0)) = 0, I move to the off-path

information set I1
3 (1, 1) of investor 3. Again, I pick the belief over I1

3 (1, 1) such that investor 3

believes that the report of being patient is a lie by the impatient type. With such belief and

knowing that patient investor 4 will lie no matter what he reports, I show that investor 3 also

chooses to lie at I1
3 (1, 1). Then I can go backward and show that it is sequentially rational for

patient investor 2 to lie at the information set I1
2 (1), which in turn rationalizes patient investor

1’s choice of lying at I1
1 . The detailed computation is similar to the one in example 2, and is

therefore delegated to Appendix A.

An interesting feature of the equilibrium outcome of this partial-run PBE is that only the

first investor misreports while all remaining investors report truthfully. This kind of partial-

run equilibrium outcome can never arise in the withdrawal game with no information disclosure

studied in Ennis and Keister (2009). Lastly, it is straightforward to show that the truth-telling

strategy is a PBE in the withdrawal game with full information disclosure.

Discussion: In example 2 and 3, because of correlation among investors’ types, I am able

to pick some beliefs over off-path information sets such that I can create a “divergent belief”

in a way similar to Ennis and Keister (2009). However, I will argue below that the beliefs I

picked for off-path information sets in examples 2 and 3 are not reasonable. Therefore, the

partial-run PBE rationalized by those beliefs over off-path information sets are not reasonable

predictions for the behavior in the withdrawal game with full information disclosure. In other

words, by allowing unreasonable beliefs over off-path information sets, PBE is not a reasonable

equilibrium concept for my withdrawal game.

To be more specific, in example 2, the belief I pick for investor 3 at I1
3 (1, 0) makes him believe

that patient investor 2 at I1
2 (1) chose to lie. However, in the partial-run PBE, r2(I1

2 (1)) = 1,

i.e., patient investor 2 chooses to report truthfully at I1
2 (1). Had investor 1 reported to be

patient, investor 2 would report truthfully and, as a consequence, investor 3 at I1
3 (1, 0) should

also believe that the report r2 = 0 is from impatient investor 2. Therefore, the belief I pick for

investor 3 at I1
3 (1, 0) is not reasonable.18

In example 3, the beliefs I pick for off-path information sets make investors believe that

18In other words, the partial-run PBE constructed in example 2 is not a sequential equilibrium.
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the report of being patient is a lie by the impatient type. However, since by preference (1)

impatient type never lie to be patient, it should be reasonable to believe that the report of

being patient can only come from the patient type. Therefore, the beliefs I pick for off-path

information sets are not reasonable.19

To impose restrictions on beliefs over off-path information sets and eliminate those unrea-

sonable beliefs I picked in example 2 and 3, in the next section, I introduce forward induction

equilibrium, a refinement of PBE.

4 Main results

In this section, I first introduce the definition of introspectively consistent belief for forward

induction equilibrium (FIE) and show that beliefs I picked for off-path information sets in exam-

ple 2 and 3 are not introspectively consistent. Therefore, those partial-run PBE I constructed

in example 2 and 3 fail to be FIE. When the efficient allocation satisfies condition [I], I show

in Theorem 1 that all partial-run strategies fail to be FIE in the withdrawal game with full

information disclosure. Since condition [I] is a condition about the efficient condition which

is also endogenous, it is natural to ask under what conditions on the parameters the efficient

allocation satisfies condition [I]. Theorem 2 offers an answer to this question by identifying an

additional condition on the correlation structure, which extends Lemma 5 in Green and Lin

(2003) to the setup with correlated types.

4.1 Forward induction equilibrium

Given any mixed strategy profile σ, at an information set of investor i, I ω̂i
i (r̂i−1), I say ri is a

bad deviation at I ω̂i
i (r̂i−1) from σ if the following are true:

σ(ri; I
ω̂i
i (r̂i−1)) = 0 and max

σ̃I
i+1

Uµi
i (ri, σ̃

I
i+1|I

ω̂i
i (r̂i−1)) < Uµi

i (σi(I
ω̂i
i (r̂i−1)), σIi+1|I

ω̂i
i (r̂i−1)),

for any µi over I ω̂i
i (r̂i−1). In other words, ri is a bad deviation at I ω̂i

i (r̂i−1) from σ if first ri

is a deviation and the best possible expected payoff of choosing ri is less than the status quo

payoff, i.e., the expected payoff of following the given strategy σ, under whatever belief agent

19In the appendix, I also construct a partial-run sequential equilibrium in example 3 by specifying a sequence
of completely mixed strategies.
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i has at I ω̂i
i (r̂i−1).

Take the partial-run PBE r in example 3. Choose any investor i and any information set of

investor i with ω̂i = 0. By the preference in (1), ri = 1 is a bad deviation at that information

set from r. In other words, the report of being patient is a bad deviation for impatient investor

i from the given partial-run PBE. However, it is important to note that the same argument

does not apply to the report of being impatient for patient investor i since some beliefs can

result in a higher expected payoff than the status quo payoff from the partial-run PBE.

Next, for any report history r̂i−1 and investor i’s type being ω̂i, I denote by B(I ω̂i
i (r̂i−1)|r)

the subset of decision nodes in I ω̂i
i (r̂i−1) which are reached by at least one bad deviation made

by the first i− 1 investors from the given strategy σ. Formally,

B(I ω̂i
i (r̂i−1)|σ) = {(ri−1, ωi)|ri−1 = r̂i−1, ωi = ω̂i, and there exists a j = 1, · · · , i− 1 such that

r̂j is a bad deviation at I
ωj

j (r̂j−1) from σ}

In example 3, given the partial-run PBE r, at information set I1
3 (1, 1) of investor 3, one decision

node that is in B(I1
3 (1, 1)|r) is (r2, ω3) with r2 = (1, 1) and ω3 = (1, 0, 1) since r2 = 1 is a bad

deviation for impatient investor 2 at I0
2 (1). In fact, the only decision node that is not in

B(I1
3 (1, 1)|r) is (r2, ω3) with r2 = (1, 1) and ω3 = (1, 1, 1).

To complete my definition of introspectively consistent belief, I need one more notation. Let

Π0 be the set of all completely mixed strategies that assign positive probability to all reports

at all information sets, and define the set

Ψ0 = {(σ, µ)|σ ∈ Π0 and µ is defined via Bayes’ rule}.

Definition 3. A system of belief µ is introspectively consistent with respect to a given

strategy σ if there exists a sequence of {(σn, µn)∞n=1} ∈ Ψ0 satisfying

µn(B(Iωi
i (ri−1)|σ)|Iωi

i (ri−1))→ 0 as n→∞,

for any i and Iωi
i (ri−1) ∈ Ii ,whenever B(Iωi

i (ri−1)|σ) is a proper subset of Iωi
i (ri−1), and

lim
n→∞

(σn, µn) = (σ, µ).
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In other words, given a strategy profile σ, a introspectively consistent belief µ at off-path

information sets put zero probability over decision nodes that are reached by bad deviations

made by previous investors and is the limit to a sequence of beliefs for completely mixed

strategies that converge to σ.

In the partial-run PBE r in example 3, as discussed above, since the only decision node that

is not in B(I1
3 (1, 1)|r) is (r2, ω3) with r2 = (1, 1) and ω3 = (1, 1, 1), the only introspectively

consistent belief at this off-path information set is that investor 3 believes the first two investors

to be all patient. Therefore, the belief I picked to rationalize the partial-run PBE is not

introspectively consistent.

In the partial-run PBE r in example 2, if I pick any sequence of completely mixed strategies

that converge to r, by Bayes’ rule, the belief at information set I1
3 (1, 0) can only be that investor

3 believes r2 = 0 is from impatient investor 2 because r2(Iω2
2 (1)) = ω2. Therefore, the belief I

picked to rationalize the partial-run PBE is also not introspectively consistent.

Now, I am ready to state the definition of forward induction equilibrium.

Definition 4. A strategy profile σ is a forward induction equilibrium (FIE) if there exists

an introspectively consistent belief µ of σ such that, for any i and any information set Iωi
i (ri−1),

σi(I
ωi
i (ri−1)) is sequentially rational under µi.

Therefore, a strategy profile σ fails to be a forward induction equilibrium if, for any

introspectively consistent belief µ of σ, σ is not sequentially rational, i.e., there exists an

investor i and one of his information set Ii in which σi(Ii) is not sequentially rational under µi.

4.2 Unique forward induction equilibrium

Before I present my first theorem, the following proposition shows that ,when the intermediary

assigns the efficient allocation, the last investor I always wants to report truthfully despite

what the first I − 1 investors have reported.

Proposition 1. When the intermediary assigns the efficient allocation, it is sequentially ratio-

nal for investor I to report truthfully at any of his information sets.

Proof. Given any remaining resources after the first I − 1 investors, yI−1, and any number of

patient investors in the first I − 1 investors, θI−1, investor i’s maximization problem is

max
a0I

v(a0
I) + θI−1ρv(

R(yI−1 − a0
I)

θI−1

)
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The first-order condition gives us

v′(a0
I) = ρRv′(

R(yI−1 − a0
I)

θI−1

)

It follows from Assumption 1 and ρR > 1 that

R(yI−1 − a0
I)

θI−1

> a0
I ⇒

RyI−1

θI−1 + 1
> a0

I . (10)

Note that the left-hand side of the inequality (10) is the payment of investor I if he reports to

be patient, and the right-hand side is that of investor I if he reports to be impatient. Since

(10) holds for any yI−1 and θI−1, so investor I strictly prefers to report honestly regardless of

the reports of other investors.

Note that when the intermediary assigns the efficient allocation, the truth-telling strategy

is a PBE in the withdrawal game with full information disclosure if the efficient allocation a

satisfies the following condition:

[I] v(a0
i (ω̂

i−1, 0)) < EωI
i+1

[v(a1
i (ω

i−1, 1, ωIi+1))|ωi−1 = ω̂i−1, ωi = 1].

for any i and ω̂i−1. That is, for investor i, given any realization of the type profiles of the

previous i−1 investors, with all remaining investors reporting truthfully, the expected payoff of

reporting to be patient is strictly greater than the immediate payoff of reporting to be impatient.

Theorem 1. Suppose the efficient allocation satisfies condition [I]. When the intermediary

assigns the efficient allocation, the truth-telling strategy is the unique FIE in the withdrawal

game with full information disclosure.

Note that, by condition [I], for any investor i believing what has been reported are truthful,

he also wants to report truthfully, knowing all the remaining investors will also report truthfully.

Then, to show the truth-telling strategy is the unique FIE, I need to show that any strategy,

pure or mixed, other than the truth-telling strategy fails to be a FIE in the withdrawal game

with full information disclosure. First, by preference (1), it is sequentially rational for impatient

type to report truthfully. Therefore, I can exclude any strategy that puts positive probability

on impatient type reporting to be patient. Then I only need to focus on strategies that have

patient investors lying to be impatient at some of their information sets. I will adopt an iterated

deletion procedure starting from the last investor, similar to Green and Lin (2003).
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By Proposition 1, I know that the last investor will always report truthfully. Therefore,

any strategy that has last patient investor lying at any of his information set fails to be a FIE.

Then I move to the second last investor and all the way to the first investor. The full proof is

in Appendix B. In the following, I want to use cases when I = 3 and I = 4 to illustrate the

proof’s main idea.

When I = 3. As discussed above, by Proposition 1, I can focus on strategies with the

first two patient investors lying at some of their information sets. In particular, let us focus

on strategies with patient investor 2 lying at his information set I1
2 (1). Note that, whether

this information set is on-path or off-path, its introspectively consistent belief is unique and

makes patient investor 1 believe that the report of being patient is from patient investor 1.

To see why, first suppose I1
2 (1) is on-path. Then it must be the case that patient investor 1

puts a positive probability on the report of being patient. Since impatient investor 1 never

reports to be patient, the belief is uniquely pinned down by Bayes’ rule. It makes patient

investor 2 believe that investor 1’s report of being patient can only from the patient type.

Suppose I1
2 (1) is off-path. Then r1 = 1 is a bad deviation for impatient investor 1. Since any

introspectively consistent belief should put zero probability on the type using a bad deviation,

the introspectively consistent belief at I1
2 (1) is unique. It makes patient investor 1 believe that

the report of being patient is from patient investor 1.

Given such belief at I1
2 (1), patient investor 2 believes that investor 1 has reported truthfully.

Since investor 3 will always report truthfully, then it is sequentially rational for patient investor

2 at I1
2 (1) to report truthfully. In other words, any strategy that has patient investor 2 lying at

I1
2 (1) fails to be a FIE. Then it is straightforward to show that any strategy that has patient

investor 1 lying fails to be a FIE. Then what is left is to check strategies that only has patient

investor 2 lying at his information set I1
2 (0). Since, given any of such strategy, investor 1 reports

truthfully, by Bayes’ rule, the belief at I1
2 (0) is uniquely pinned down and makes patient investor

2 believe that investor 1’s report of being impatient is from impatient investor 1. Given such

belief, it is sequentially rational for patient investor 2 to report truthfully at I1
2 (0). Hence, I

show that any strategy other than the truth-telling strategy fails to be a FIE in the withdrawal

game with full information disclosure.

When I = 4. Again, let us start with the information set I1
3 (1, 1) of investor 3. Following

a similar argument using bad deviation as in I = 3, it is sequentially rational for investor 3 to
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report truthfully at I1
3 (1, 1). Therefore, any strategy with patient investor 3 lying at I1

3 (1, 1)

fails to be a FIE.

However, at the information set I1
3 (1, 0) of investor 3, using the bad deviation argument

cannot pin down investor 3’s belief about investor 2’s true type given r2 = 0. In other words,

investor 3 is not sure if investor 2 reported truthfully. To actually pin down investor 3’s belief

at I1
3 (1, 0), I need to use the other component in the definition of introspectively consistent

belief, i.e., a sequence of completely mixed strategies. First, consider the information set I1
2 (1)

of investor 2. The unique introspectively consistent belief at I1
2 (1) is that patient investor

2 believes that investor 1 has reported truthfully. Also, for investor 2 at I1
2 (1), what the

remaining investors will report does not affect his payoff if he reports to be impatient. With

r3(Iω3
3 (1, 1)) = ω3, investor 2 knows that the remaining investors will all report truthfully if he

reports to be patient. Therefore, it is sequentially rational for investor 2 to report to be patient

at I1
2 (1), i.e., r2(I1

2 (1)) = 1.

Now, given that r2(I1
2 (1)) = 1 must hold for any FIE, it can uniquely pin down the intro-

spectively consistent belief over patient investor 3’s information set I1
3 (1, 0) by using a sequence

of completely mixed strategies. I show that the belief at I1
3 (1, 0) is unique and must be

µ3(ω1 = 1, ω2 = 0; I1
3 (1, 0)) = 1.

Therefore, investor 3 at I1
3 (1, 0) also believes that all previous investors have reported truthfully,

meaning that it is sequentially rational for investor 3 to report to be patient at I1
3 (1, 0), i.e.,

r3(I1
3 (1, 0)) = 1.

Lastly, for patient investor 1, since all remaining investors would report truthfully if he

reported to be patient, it is sequentially rational for him to report to be patient at I1
1 , i.e.,

r1(I1
1 ) = 1. Similar analysis can be applied to information sets following r1 = 0. Hence, any

strategy with patient investors lying at some of their information sets fails to be a FIE in the

withdrawal game with full information disclosure.

4.3 When does the efficient allocation satisfy condition [I]?

First, I introduce one more assumption on the utility function as in Green and Lin (2003):
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Assumption 2. Absolute risk aversion of v is non-increasing everywhere, i.e., for any c ∈ R+,

d

dc

v”(c)

v′(c)
≥ 0.

With independent types, Lemma 5 in Green and Lin (2003) show that under assumption 1

and 2 the efficient allocation satisfies condition [I]. Their proof can be summarized in figure 4

for any realization of type profiles of the previous i − 1 investors ωi−1. The key step in their

Figure 4: Summary of the Proof of Lemma 5 in Green and Lin (2003).

proof is to establish the inequality on the right. Since the probability distribution over the

remaining investors’ types are the same whatever ωi is, Green and Lin (2003) showed that one

can write a general problem that includes both maximization problems when ωi = 0 and ωi = 1,

and prove the inequality on the right.

However, with correlated types, their proof no longer works due to the fact that now the

probability distribution over the remaining investors’ types depends on the realization of ωi.

To circumvent this problem, I construct an intermediate problem and break my proof into

two steps, as illustrated by the following graph: Note that in my constructed problem, the

Figure 5: Summary of the Proof of Theorem 2.
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probability distribution over the remaining investors’ types is the same as the one when ωi = 1.

Therefore, I can apply the proof technique in Lemma 5 of Green and Lin (2003) to establish the

inequality at bottom right. The next key step is to prove the inequality at top right by using

results from the monotone comparative statics in Topkis (2012). First, I need to introduce a new

assumption on the correlation structure so that I can induce an order between the probability

distribution over the remaining investors’ types in the constructed problem and the one when

ωi = 0.

Assumption 3. The function p : {0, 1, · · · , I} → [0, 1] satisfies a monotonicity condition, i.e.,

for any k ∈ {0, 1, · · · , I − 2},

p(k)C(I, k + 1)

p(k + 1)C(I, k)
≥ p(k + 1)C(I, k + 2)

p(k + 2)C(I, k + 1)
. (11)

Note that this assumption is trivially satisfied with equality for all k if p(k) = C(I, k)(1−
π)kπI−k, i.e., investor’s type are independent and the probability of being impatient is π. In

appendix E, I also give an intuitive example of a conditionally independent model that satisfies

this assumption. The following lemma shows that assumption 3 leads to the property that

more patient investors in ωi−1 will make it more likely for investor i to be patient.

Lemma 1. Suppose Assumption 3 holds. Then for any i ∈ I and k ∈ {0, 1, · · · , i− 2},

P (ωi = 1|θ(ωi−1) = k) ≤ P (ωi = 1|θ(ωi−1) = k + 1). (12)

The proof of Lemma 1 is in the Appendix C. Therefore, the remaining investors are more

likely to be patient in my constructed problem than in the problem when ωi = 0. For the efficient

allocation, if the remaining investors are more likely to be patient, then a higher expected late

period allocation will be assigned to maximize the social welfare. Hence, using results in Topkis

(2012), I show the inequality at top right holds, and therefore prove the following result.

Theorem 2. Suppose Assumption 1-3 hold. When the intermediary assigns the efficient alloca-

tion, the truth-telling strategy is a PBE in the withdrawal game with full information disclosure.

The formal proof of Theorem 2 is in Appendix C. my theorem 2 can be interpreted as one

generalization of Lemma 5 in Green and Lin (2003) to the setup with correlated types since

assumption 3 is trivially satisfied with independent types. Moreover, by applying Theorem 1,

I have the following corollary:
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Corollary 3. Suppose Assumption 1-3 hold. When the intermediary assigns the efficient allo-

cation, the truth-telling strategy is the unique FIE in the withdrawal game with full information

disclosure.

5 Discussion

5.1 General Preference and Allocation

With independent types, Andolfatto et al. (2007) study a setup with general preference and any

allocation that is weakly implementable, i.e., satisfies a condition similar to my condition [I].

Then they showed that, when the intermediary assigns any weakly implementable allocation,

the truth-telling strategy is the unique PBE in the withdrawal game with full information

disclosure. With correlated types, as I showed in example 2 and 3, even if an allocation satisfies

condition [I], it is still possible to have a partial-run PBE in the withdrawal game with full

information disclosure. However, using FIE as the solution concept, the following result states

a generalized result for Theorem 1 by allowing any allocation satisfying condition [I].

Theorem 4. When the intermediary assigns any allocation satisfying condition [I], the truth-

telling strategy is the unique FIE in the withdrawal game with full information disclosure.

The only difference between the proof of Theorem 4 and that of Theorem 1 is that for

any allocation satisfying condition [I] the last investor might not always report truthfully.

Therefore, to prove Theorem 4, the proof needs to start with the last investor’s information set

I1
I (1, · · · , 1). Then the rest of the proof is the same as in the proof of Theorem 1.

By Theorem 4, now I can relax the assumption that the intermediary is benevolent. Instead,

I can allow the intermediary to be a monopoly or an oligopoly. No matter how much profit

the intermediary can extract from the investors, as long as the allocation it assigns satisfies

condition [I], the truth-telling strategy will always be the unique FIE in the withdrawal game

with full information disclosure.

5.2 Partial information disclosure

I show in Section 4 that, when the intermediary assigns the efficient allocation, the truth-telling

strategy is the unique FIE in the withdrawal game with full information disclosure. However,
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it is not true that the induced withdrawal game always has the truth-telling strategy being the

unique FIE for any partial information disclosure. Sometimes, the forward induction refinement

could not eliminate any bank run equilibrium. For example, in example 1, instead of adding

full information disclosure, I can introduce the following partial information disclosure: the

intermediary discloses no information to the first three investors and disclose to the last investor

detailed withdrawal decisions of the first three investors. In the withdrawal game induced by

such partial information disclosure, the partial-run BNE in Ennis and Keister (2009) is also

a FIE. Therefore, in this case, the forward induction refinement has no bite. One interesting

partial information disclosure scheme is when the intermediary only tells the remaining investors

the total number of withdrawals made by previous investors. One real-life example is the

disclosure of shareholders’ total outflow information by prime money market funds. Whether

such partial information disclosure can help the efficient banking contract prevent bank runs is

an interesting question for future research.

In example 2 and 3, I show that there exists a partial-run PBE in the withdrawal game

with full information disclosure. Despite the undesirable feature of PBE, one could still ask

the following theoretical question: is it possible to eliminate partial-run PBE by using some

forms of partial information disclosure? In those two examples, one possible partial information

disclosure that could eliminates partial-run PBE works as follows: first, identify the threshold

investor in the partial-run BNE of the withdrawal game with no information disclosure; Then let

the intermediary disclose full information until the threshold investor including the threshold

investor, and disclose no information for the remaining investors. In other words, for the

threshold investor and investors before him, the intermediary will tell them what previous

investors have reported, but for investors after the threshold investors, the intermediary will

withhold all information about previous reports and let them choose their reports only based

on their private types. With this partial information disclosure, one can check that the truth-

telling strategy is the unique PBE in the withdrawal game. To what extent this result can be

generalized is an interesting question for future research.

6 Conclusion

This paper shows that, when types are correlated, full information disclosure could help the

efficient banking contract eliminate all bank runs as reasonable equilibrium outcomes. There-
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fore, I reestablished the uniqueness result in Green and Lin (2003) for correlated types with the

help of full information disclosure and forward induction refinement.

In terms of policy implications, recent reforms on the shadow banking system allow more

state-contingent banking contracts, which are consistent with the efficient banking contract in

Green and Lin (2003), Ennis and Keister (2009) and this paper. However, examples in this

paper show that state-contingent banking contracts alone may not be sufficient for financial

stability. As highlighted in this paper, one possible remedy is through more transparent and

frequent information disclosure about other investors’ withdrawal behavior, which generates

a channel that allows investors to signal their confidence in the intermediary’s ability to stay

liquid. In fact, the 2014 reforms on the prime money market funds require daily disclosure

of shareholders’ outflow and inflow information, which is in line with what the results in this

paper suggest.

As to future research, One interesting direction is to relax the assumption that the interme-

diary is a coalition of investors and study the issue of incentive compatibility of a self-interested

banker in terms of information disclosure.20 Also, in the framework of Green and Lin (2003),

the order each investor arrives at the intermediary, deterministic or random, is exogenous.

Therefore, an interesting question is to make the arrival time a part of investors’ strategies and

study this endogenous game of timing.21

Appendix

A. Omitted computations in example 3

Example 3 (Continued): Now with r4(I1
4 (1, 1, 0)) = 0 and r4(I1

4 (1, 1, 1)) = 0, I focus on the

off-path information set I1
3 (1, 1) of investor 3. At I1

3 (1, 1), again, let µ3(I1
3 (1, 1)) be

µ3(ω1 = 0, ω2 = 0; I1
3 (1, 1)) = 1.

That is, investor 3 after observing reports r2 = (1, 1) believes that the report 1 is a lie by

the impatient type. Since ε is almost negligible, so investor 3’s updated belief regarding the

20For example, see Andolfatto and Nosal (2008) and Akbarpour and Li (2020).
21For example, see Carmona et al. (2017).
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remaining investors’ types is

P (ω4 = 0, ω5 = 0, ω6 = 0|ω1 = 0, ω2 = 0, ω3 = 1)

≈ P (ω1 = 0, ω2 = 0, ω3 = 1, ω4 = 0, ω5 = 0, ω6 = 0)

P (ω1 = 0, ω2 = 0, ω3 = 1, ω4 = 0, ω5 = 0, ω6 = 0) + P (ω1 = 0, ω2 = 0, ω3 = 1, ω4 = 1, ω5 = 1, ω6 = 1)

=
1
6
p(1)

1
6
p(1) + 1

15
p(4)

= 0.3846;

P (ω4 = 1, ω5 = 1, ω6 = 1|ω1 = 0, ω2 = 0, ω3 = 1)

≈ P (ω1 = 0, ω2 = 0, ω3 = 1, ω4 = 1, ω5 = 1, ω6 = 1)

P (ω1 = 0, ω2 = 0, ω3 = 1, ω4 = 0, ω5 = 0, ω6 = 0) + P (ω1 = 0, ω2 = 0, ω3 = 1, ω4 = 1, ω5 = 1, ω6 = 1)

=
1
15
p(4)

1
6
p(1) + 1

15
p(4)

= 0.6154;

Compare investor 3’s expected payoff of reporting 0 and 1 at I1
3 (1, 1):

Report 0: v(a0
3(1, 1, 0)) = v(1.3697) = −0.0415;

Report 1: Eω6
4
[v(a1

3(1, 1, 1, r4, r5, r6))|ω1 = 0, ω2 = 0, ω3 = 1]

≈ 0.3846v(a1
3(1, 1, 1, 0, 0, 0)) + 0.6154 v(a1

3(1, 1, 1, 0, 1, 1))︸ ︷︷ ︸
r4(I14 (1,1,1))=0

= 0.3846v(1.1275) + 0.6154v(1.3885) = −0.0661 < −0.0415.

Therefore, r3(I1
3 (1, 1)) = 0 is sequentially rational.

At I1
2 (1), let µ2(I1

2 (1)) be

µ2(ω1 = 0; I1
2 (1)) = 1.

Following the similar calculation, I have that investor 2’s updated belief regarding the remaining

investors’ types is

P (ω3 = 0, ω4 = 0, ω5 = 0, ω6 = 0|ω1 = 0, ω2 = 1) ≈ 0.0098;

P (ω3 = 1, ω4 = 1, ω5 = 1, ω6 = 0|ω1 = 0, ω2 = 1) ≈ 0.0156;

P (ω3 = 1, ω4 = 1, ω5 = 0, ω6 = 1|ω1 = 0, ω2 = 1) ≈ 0.0156;

P (ω3 = 1, ω4 = 0, ω5 = 1, ω6 = 1|ω1 = 0, ω2 = 1) ≈ 0.0156;

P (ω3 = 0, ω4 = 1, ω5 = 1, ω6 = 1|ω1 = 0, ω2 = 1) ≈ 0.0156;

P (ω3 = 1, ω4 = 1, ω5 = 1, ω6 = 1|ω1 = 0, ω2 = 1) ≈ 0.9277.
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Compare investor 2’s expected payoff of reporting 0 and 1 at I1
2 (1):

Report 0: v(a0
2(1, 0)) = v(1.3571);

Report 1: Eω6
3
[v(a1

2(1, 1, r3, r4, r5, r6))|ω1 = 0, ω2 = 1]

≈ 0.0098v(a1
2(1, 1, 0, 0, 0, 0)) + 0.0156v(a1

2(1, 1, 0, 0, 1, 0))︸ ︷︷ ︸
r3(I13 (1,1))=0&r4(I14 (1,1,0))=0

+ 0.0156v(a1
2(1, 1, 0, 0, 0, 1))︸ ︷︷ ︸

r3(I13 (1,1))=0&r4(I14 (1,1,0))=0

+ 0.0156v(a1
2(1, 1, 0, 0, 1, 1))︸ ︷︷ ︸

r3(I13 (1,1))=0&r4(I14 (1,1,0))=0

+ 0.0156v(a1
2(1, 1, 0, 0, 1, 1))︸ ︷︷ ︸

r3(I13 (1,1))=0&r4(I14 (1,1,0))=0

+ 0.9277v(a1
2(1, 1, 0, 0, 1, 1))︸ ︷︷ ︸

r3(I13 (1,1))=0&r4(I14 (1,1,0))=0

= 0.0098v(1.0024) + 0.0156v(1.1281) + 0.0156v(1.1654) + 0.9589v(1.2657)

< v(1.3571).

Therefore, r2(I1
2 (1)) = 0 is sequentially rational.

At I1
1 , since, for any ω6

2 such that θ(ω6
2) ≤ 3, I have a1

1(1, ω6
2) < a0

1(0), so I will focus on the last

case where θ(ω6
2) = 4, which is also the most probable event. There are C(5, 4) = 5 possible

realizations for θ(ω6
2) = 4 and all have the same probability.

Compare investor 1’s expected payoff of reporting 0 and 1 at I1
1 :

Report 0: v(a0
1(0)) = v(1.3226) = −0.0494;

Report 1: Eω6
2
[v(a1

1(1, r2, r3, r4, r5, r6))|ω1 = 1]

≤ 1

5
v(a1

1(1, 0, 1, 1, 1, 0))︸ ︷︷ ︸
r2(I12 (1))=0

+
1

5
v(a1

1(1, 0, 1, 1, 0, 1))︸ ︷︷ ︸
r2(I12 (1))=0

+
1

5
v(a1

1(1, 0, 1, 0, 1, 1))︸ ︷︷ ︸
r2(I12 (1))=0

+
1

5
v(a1

1(1, 0, 0, 1, 1, 1))︸ ︷︷ ︸
r2(I12 (1))=0

+
1

5
v(a1

1(1, 0, 1, 1, 1, 1))

=
1

5
v(1.2691) +

1

5
v(1.2691) +

1

5
v(1.2691) +

1

5
v(1.3313) +

1

5
v(1.3929)

= −0.0536 < −0.0494.

Therefore, r1(I1
1 ) = 0 is sequentially rational. At all other information sets, one can easily show

that it is sequentially rational to report honestly.

Now, I want to show that the partial-run strategy can also be a sequential equilibrium. To

see that, we consider the following sequence of completely mixed strategies to further pin down
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the beliefs over those off-path information sets:

σ1(1; I1
1 ) = ε2, σ1(0; I1

1 ) = 1− ε2;

σ1(1; I0
1 ) = ε, σ1(0; I0

1 ) = 1− ε;

σ2(1; I1
2 (1)) = ε3, σ2(0; I1

2 (1)) = 1− ε3;

σ2(1; I0
2 (1)) = ε2, σ2(0; I0

2 (1)) = 1− ε2;

σ3(1; I1
3 (1, 1)) = ε4, σ3(0; I1

3 (1, 1)) = 1− ε4;

σ3(1; I0
3 (1, 1)) = ε3, σ3(0; I0

3 (1, 1)) = 1− ε3.

As ε goes to 0, this sequence of completely mixed strategies converges to the given strategy.

Then we compute the belief uniquely pinned down by this sequence of completely mixed strate-

gies.

At I1
4 (1, 1, 1), it follows from the Bayes’ rule that

µε4(ω1 = 0, ω2 = 0, ω3 = 0; I1
4 (1, 1, 1)) =

P (ω1 = 0, ω2 = 0, ω3 = 0, ω4 = 1)σ1(1; I0
1 )σ2(1; I0

2 (1))σ3(1; I0
3 (1, 1))∑

ω3 P (ω1, ω2, ω3, ω4 = 1)σ1(1; Iω1
1 )σ2(1; Iω2

2 (1))σ3(1; Iω3
3 (1, 1))

By straightforward calculation, we have

µ4(ω1 = 0, ω2 = 0, ω3 = 0; I1
4 (1, 1, 1)) = lim

ε→0
µε4(ω1 = 0, ω2 = 0, ω3 = 0; I1

4 (1, 1, 1)) = 1.

That is, investor 4 after observing reports r3 = (1, 1, 1) believes that the report 1 is a lie by the

impatient type. Since α is almost negligible, so

P (ω5 = 0, ω6 = 0|ω1 = 0, ω2 = 0, ω3 = 0, ω4 = 1) ≈ 1.

Compare investor 4’s expected payoff of reporting 0 and 1 at I1
4 (1, 1, 1):

Report 0: v(a0
4(1, 1, 1, 0)) = v(1.3717);

Report 1: Eω5,ω6 [v(a1
4(1, 1, 1, 1, r5, r6))|ω1 = 0, ω2 = 0, ω3 = 0, ω4 = 1]

≈ v(a1
4(1, 1, 1, 1, 0, 0) = v(1.2645) < v(1.3717).

Therefore, r4(I1
4 (1, 1, 1)) = 0 is sequentially rational.
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At I1
4 (1, 1, 0), it follows from the Bayes’ rule that

µε4(ω1 = 0, ω2 = 0, ω3 = 0; I1
4 (1, 1, 0)) =

P (ω1 = 0, ω2 = 0, ω3 = 0, ω4 = 1)σ1(1; I0
1 )σ2(1; I0

2 (1))σ3(0; I0
3 (1, 1))∑

ω3 P (ω1, ω2, ω3, ω4 = 1)σ1(1; Iω1
1 )σ2(1; Iω2

2 (1))σ3(0; Iω3
3 (1, 1))

;

µε4(ω1 = 0, ω2 = 0, ω3 = 1; I1
4 (1, 1, 0)) =

P (ω1 = 0, ω2 = 0, ω3 = 1, ω4 = 1)σ1(1; I0
1 )σ2(1; I0

2 (1))σ3(0; I1
3 (1, 1))∑

ω3 P (ω1, ω2, ω3, ω4 = 1)σ1(1; Iω1
1 )σ2(1; Iω2

2 (1))σ3(0; Iω3
3 (1, 1))

.

By straightforward calculation, we have

µ4(ω1 = 0, ω2 = 0, ω3 = 0; I1
4 (1, 1, 0))

= lim
ε→0

µε4(ω1 = 0, ω2 = 0, ω3 = 0; I1
4 (1, 1, 0))

=
P (ω1 = 0, ω2 = 0, ω3 = 0, ω4 = 1)

P (ω1 = 0, ω2 = 0, ω3 = 0, ω4 = 1) + P (ω1 = 0, ω2 = 0, ω3 = 1, ω4 = 1)

≈
1
6
p(1)

1
6
p(1) + 1

15
p(4)

= 0.3846;

µ4(ω1 = 0, ω2 = 0, ω3 = 1; I1
4 (1, 1, 0))

= lim
ε→0

µε4(ω1 = 0, ω2 = 0, ω3 = 1; I1
4 (1, 1, 0))

=
P (ω1 = 0, ω2 = 0, ω3 = 1, ω4 = 1)

P (ω1 = 0, ω2 = 0, ω3 = 0, ω4 = 1) + P (ω1 = 0, ω2 = 0, ω3 = 1, ω4 = 1)

≈
1
15
p(4)

1
6
p(1) + 1

15
p(4)

= 0.6154;

That is, investor 4 after observing reports r3 = (1, 1, 0) believes that the report 1 is a lie by

the impatient type and is uncertain whether the report 0 is a lie or not. Since α is almost

negligible, so

P (ω5 = 0, ω6 = 0|ω1 = 0, ω2 = 0, ω3 = 0, ω4 = 1) ≈ 1;

P (ω5 = 1, ω6 = 1|ω1 = 0, ω2 = 0, ω3 = 1, ω4 = 1) ≈ 1.

Compare investor 4’s expected payoff of reporting 0 and 1 at I1
4 (1, 1, 0):

Report 0: v(a0
4(1, 1, 0, 0)) = v(1.2552) = −0.0642;

Report 1: µ4(ω1 = 0, ω2 = 0, ω3 = 0; I1
4 (1, 1, 0))Eω6

5
[v(a1

4(1, 1, 0, 1, r5, r6))|ω1 = 0, ω2 = 0, ω3 = 0, ω4 = 1]

+ µ4(ω1 = 0, ω2 = 0, ω3 = 1; I1
4 (1, 1, 0))Eω6

5
[v(a1

4(1, 1, 0, 1, r5, r6))|ω1 = 0, ω2 = 0, ω3 = 1, ω4 = 1]

≈ 0.3846v(a1
4(1, 1, 0, 1, 0, 0)) + 0.6154v(a1

4(1, 1, 0, 1, 1, 1))
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= 0.3846v(1.128) + 0.6154v(1.3891) = −0.0659 < −0.0642.

Therefore, r4(I1
4 (1, 1, 0)) = 0 is sequentially rational. Then the rest of the calculation is the

same.

B. Proof of Theorem 1

Proof. Suppose condition [I] holds. Then, to show that the truth-telling strategy is the unique

FIE, I need to show that any strategy, pure or mixed, other than the truth-telling strategy

fails to be a FIE. First, since it is a strictly dominated action for the impatient type to report

to be patient, any strategy that has impatient type reporting to be patient fails to be a FIE.

Therefore, I can focus on the following set of strategies other than the truth-telling strategy:

D0 = {(σi)i∈I : there exists an i and r̂i−1 such that σi(1; I1
i (r̂i−1)) < 1}.

where σi : Ii → ∆(Ω) for any i. In other words, any strategy in the set D0 has the feature that

there exist some patient investors who choose to lie with a strictly positive probability. I will

adopt an iterated procedure of eliminating strategies in D0 and show that any strategy in D0

fails to be a FIE.

Step 1: Let us start with the last investor, i.e., investor I. By proposition 1, a strategy

σ = (σi)i∈I in D0 fails to be a FIE if there exists a r̂I−1 such that σI(1; I1
i (r̂I−1)) < 1. Hence,

what is left to check is the following subset of D0:

D1 = D0 \ {(σi)i∈I ∈ D0 : σI(1; I1
I (rI−1)) < 1 for all rI−1}.

Step 2: Focus on the information set of investor I−1, I1
I−1(1, 1, · · · , 1). Note that given different

strategies in D1, information set I1
I−1(1, 1, · · · , 1) can be either on-path or off-path. Given those

strategies in D1 such that I1
I−1(1, 1, · · · , 1) is on-path, by Bayes’ rule, I can uniquely pin down

the belief over I1
I−1(1, 1, · · · , 1). In particular, since impatient type never reports to be patient,

so the fact that I1
I−1(1, 1, · · · , 1) is on path implies that all previous reports of being patient

are due to patient type putting strictly positive probability on being patient. Therefore, the
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belief at I1
I−1(1, 1, · · · , 1) pinned down by Bayes’ rule is

µI−1(ωI−2 = (1, 1, · · · , 1); I1
I−1(1, 1, · · · , 1)) = 1. (13)

Given those strategies in D1 such that I1
I−1(1, 1, · · · , 1) is off-path. Then the introspectively

consistent belief at I1
I−1(1, 1, · · · , 1) is unique and the same as in (13). With the belief in (13),

condition [I] implies that it is sequentially rational for patient investor I−1 to report truthfully

at I1
I−1(1, 1, · · · , 1). Then, what is left to check is the following subset of D1:

D2 = D1 \ {(σi)i∈I ∈ D0 : σI−1(1; I1
I−1(1, 1, · · · , 1)) < 1}.

Step 3: Focus on the information set of investor I − 2, I1
I−2(1, 1, · · · , 1). Following the same

argument in step 2, the introspectively consistent belief at I1
I−2(1, 1, · · · , 1) is unique:

µI−2(ωI−3 = (1, 1, · · · , 1); I1
I−2(1, 1, · · · , 1)) = 1.

By condition [I], it is sequentially rational for patient investor I − 2 to report truthfully at

I1
I−2(1, 1, · · · , 1). Hence, what is left to check is the following subset of D2:

D3 = D2 \ {(σi)i∈I ∈ D2 : σI−2(1; I1
I−2(1, 1, · · · , 1)) < 1}.

Step 4: Focus on the information set of investor I − 1, I1
I−1(1, 1, · · · , 0). First, for any intro-

spectively consistent belief, I have

µI−1(ωI−2 = (1, 1, · · · , 1); I1
I−1(1, 1, · · · , 0)) + µI−1(ωI−2 = (1, 1, · · · , 0); I1

I−1(1, 1, · · · , 0)) = 1.

Second, note that by step 3, patient investor I − 2 reports truthfully after rI−3 = (1, 1, · · · , 1).

Hence, for any sequence of completely mixed strategies that converges to the strategy with

rI−2(I1
I−2(1, 1, · · · , 1)), the sequence of corresponding beliefs at I1

I−1(1, 1, · · · , 0) converges to

µI−1(ωI−2 = (1, 1, · · · , 0); I1
I−1(1, 1, · · · , 0)) = 1. (14)

Hence, the introspectively consistent belief at I1
I−1(1, 1, · · · , 0) is unique and given by (14).

With such belief, by condition [I], it is sequentially rational for patient investor I − 1 to report
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truthfully at I1
I−1(1, 1, · · · , 0). Hence, what is left to check is the following subset of D3:

D4 = D3 \ {(σi)i∈I ∈ D3 : σI−1(1; I1
I−1(1, 1, · · · , 0)) < 1}.

Step 5: Focus on the information set of investor I−3, I1
I−3(1, 1, · · · , 1). Now for any strategy in

D4, if investor I−3 reports to be patient, he knows that all remaining investors will report truth-

fully. Also, following the same argument in step 2, the introspective belief at I1
I−3(1, 1, · · · , 1)

is unique and given by

µI−3(ωI−4 = (1, 1, · · · , 1); I1
I−3(1, 1, · · · , 1)) = 1.

Under such belief, condition [I] implies that it is sequentially rational for patient investor I − 3

to report truthfully at I1
I−3(1, 1, · · · , 1). Hence, what is left to check is the following subset of

D4:

D5 = D4 \ {(σi)i∈I ∈ D4 : σI−3(1; I1
I−1(1, 1, · · · , 1)) < 1}.

For any strategy in D5, the introspectively consistent belief at I1
I−1(1, · · · , 0, 1) is unique and

believes that all previous reports are truthful reports. Therefore, it is sequentially rational

for patient investor I − 1 to report truthfully at I1
I−1(1, · · · , 0, 1). Then, I can repeat the

above steps to go through the rest of the game tree and show that this iterative procedure of

deleting strategies in D0 will give me an empty set, meaning that no strategy in D0 can be a

FIE. Therefore, the truth-telling strategy is the unique FIE in the withdrawal game with full

information disclosure.

C. Proof of Lemma 1

Proof. First, note that by (11) I have for any k ∈ {0, 1, · · · , I − 2},

P (ω : θ(ω) = k)

P (ω : θ(ω) = k + 1)
=

p(k)

p(k + 1)

C(I, k + 1)

C(I, k)
≥ p(k + 1)

p(k + 2)

C(I, k + 2)

C(I, k + 1)
=
P (ω : θ(ω) = k + 1)

P (ω : θ(ω) = k + 2)
,

(15)

Now, consider the case when i = I and choose any k ∈ {0, 1, · · · , I − 2}. Then

P (ωI = 1|θ(ωI−1) = k) =
P (ω : θ(ω) = k + 1)

P (ω : θ(ω) = k + 1) + P (ω : θ(ω) = k)
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=
1

1 + P (ω:θ(ω)=k)
P (ω:θ(ω)=k+1)

,

and

P (ωI = 1|θ(ωI−1) = k + 1) =
P (ω : θ(ω) = k + 2)

P (ω : θ(ω) = k + 1) + P (ω : θ(ω) = k + 2)

=
1

1 + P (ω:θ(ω)=k+1)
P (ω:θ(ω)=k+2)

.

It follows from (15) that

P (ωI = 1|θ(ωI−1) = k) ≤ P (ωI = 1|θ(ωI−1) = k + 1).

Note that by (15), I can show by induction that

∑N
i=0C(N, i)P (ω : θ(ω) = k + i)∑N

i=0 C(N, i)P (ω : θ(ω) = k + 1 + i)
≥

∑N
i=0 C(N, i)P (ω : θ(ω) = k + 1 + i)∑N
i=0 C(N, i)P (ω : θ(ω) = k + 2 + i)

. (16)

First, by (15), (16) holds for N = 0. Suppose (16) holds for N = n − 1. By the reduction

property of combinations, I have

n∑
i=0

C(n, i)ai =
n−1∑
i=0

C(n− 1, i)ai +
n∑
i=1

C(n− 1, i− 1)ai.

Therefore, it follows that∑n
i=0 C(n, i)P (ω : θ(ω) = k + i)∑n

i=0C(n, i)P (ω : θ(ω) = k + 1 + i)

=

∑n−1
i=0 C(n− 1, i)P (ω : θ(ω) = k + i) +

∑n
i=1C(n− 1, i− 1)P (ω : θ(ω) = k + i)∑n−1

i=0 C(n− 1, i)P (ω : θ(ω) = k + 1 + i) +
∑n

i=1C(n− 1, i− 1)P (ω : θ(ω) = k + 1 + i)

=

∑n−1
i=0 C(n− 1, i)P (ω : θ(ω) = k + i) +

∑n−1
i=0 C(n− 1, i)P (ω : θ(ω) = k + 1 + i)∑n−1

i=0 C(n− 1, i)P (ω : θ(ω) = k + 1 + i) +
∑n−1

i=0 C(n− 1, i)P (ω : θ(ω) = k + 2 + i)

=
1 +

∑n−1
i=0 C(n−1,i)P (ω:θ(ω)=k+i)∑n−1

i=0 C(n−1,i)P (ω:θ(ω)=k+1+i)

1 +
∑n−1

i=0 C(n−1,i)P (ω:θ(ω)=k+2+i)∑n−1
i=0 C(n−1,i)P (ω:θ(ω)=k+1+i)

,

where
∑n−1

i=0 C(n−1, i)P (ω : θ(ω) = k+1+i) =
∑n

j=1 C(n−1, j−1)P (ω : θ(ω) = k+j) by letting

j = i+1 and
∑n

i=1C(n−1, i−1)P (ω : θ(ω) = k+1+i) =
∑n−1

j=0 C(n−1, j)P (ω : θ(ω) = k+2+j)
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by letting j = i− 1. Similarly, I have

∑n
i=0 C(n, i)P (ω : θ(ω) = k + 1 + i)∑n
i=0 C(n, i)P (ω : θ(ω) = k + 2 + i)

=
1 +

∑n−1
i=0 C(n−1,i)P (ω:θ(ω)=k+1+i)∑n−1
i=0 C(n−1,i)P (ω:θ(ω)=k+2+i)

1 +
∑n−1

i=0 C(n−1,i)P (ω:θ(ω)=k+3+i)∑n−1
i=0 C(n−1,i)P (ω:θ(ω)=k+2+i)

Then it follows from the assumption that (16) holds for N = n− 1 that∑n
i=0C(n, i)P (ω : θ(ω) = k + i)∑n

i=0C(n, i)P (ω : θ(ω) = k + 1 + i)
≥

∑n
i=0 C(n, i)P (ω : θ(ω) = k + 1 + i)∑n
i=0 C(n, i)P (ω : θ(ω) = k + 2 + i)

.

Choose any i ∈ I and k ∈ {0, 1, · · · , i− 2}. Then I have

P (ωi = 1|θ(ωi−1) = k) =

∑
ωI
i+1
P (ωi−1, 1, ωIi+1)∑

ωI
i+1
P (ωi−1, 1, ωIi+1) +

∑
ωI
i+1
P (ωi−1, 0, ωIi+1)

=
1

1 +

∑
ωI
i+1

P (ωi−1,0,ωI
i+1)∑

ωI
i+1

P (ωi−1,1,ωI
i+1)

,

where ∑
ωI
i+1
P (ωi−1, 0, ωIi+1)∑

ωI
i+1
P (ωi−1, 1, ωIi+1)

=

∑I−i
j=0 C(I − i, j)P (ω : θ(ω) = k + j)∑I−i

j=0C(I − i, j)P (ω : θ(ω) = k + 1 + j)
.

Similarly, I have

P (ωi = 1|θ(ωi−1) = k + 1) =
1

1 +
∑I−i

j=0 C(I−i,j)P (ω:θ(ω)=k+1+j)∑I−i
j=0 C(I−i,j)P (ω:θ(ω)=k+2+j)

.

It follows from (16) by letting N = I − i that

P (ωi = 1|θ(ωi−1) = k) ≤ P (ωi = 1|θ(ωi−1) = k + 1),

which completes the proof.

D. Proof of Theorem 2

Proof. First, by Lemma 1 in Ennis and Keister (2009), the intermediary’s problem of solving the

efficient allocation can be formulated as the following finite-horizon Markov decision problem:

• Period: N = {1, 2, · · · , I + 1};
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• State: s = (θ, y, ω) ∈ S = {0, 1, · · · , I} × [0, I] × {0, 1}, where θ is the total number of

patient investors so far, y is the remaining resources, and ω is the current investor’s type;

• Action space: A = [0, I];

• Transition probability: for any i ∈ N , si = (θi, yi, ωi) ∈ S, and ai ∈ A,

Pi(θi+1, yi+1, ωi+1 = 1|θi, yi, ωi, ai) = pωi
i if θi+1 = θi + ωi, yi+1 = yi − ai,

where pωi
i = P (ωi+1 = 1|θ(ωi−1) = θi, ωi) and initial state s(1) ∈ {(0, I, 1), (0, I, 0)};

• Reward function:

ri(si, ai) = vi(ωi, ai) =

v(ai) if ωi = 0

v(0) if ωi = 1,

and terminal reward: rI+1(sI+1) = vI+1(θI+1, yI+1) = θI+1v(RyI+1

θI+1
);

Again, the main difference between correlated types and independent types for the intermedi-

ary’s problem is the transition structure. With independent types, the transition probability is

state-independent. However, with correlated types, the transition probability is state-dependent.

This observation forbids us to directly use the approach in the proof of Lemma 5 in Green and

Lin (2003), i.e., formulate a general problem that encompasses the problems with different ini-

tial states. To circumvent this problem, I construct an intermediate problem and break my

proof into two steps. In the first step, I make the constructed MDP problem state-independent

which enables us to use the technique in Green and Lin (2003). In the second step, I use results

from monotone comparative statics for finite-horizon Markov decision problem to bridge the

gap between the constructed problem and the original problem. The proof is by backward

induction and I will start with the last investor’s problem.

Last investor I: The intermediary’s bellman equation for the investor I is

VI(θI , yI , ωI) = max
aI∈A

vI(ωI , aI) + vI+1(θI + ωI , yI − aI)

= max
aI∈A

vI(ωI , aI) + (θI + ωI)v(
R(yI − aI)
θI + ωI

).

For ωI = 0, I have

VI(θI , yI , 0) = max
aI∈A

v(aI) + θIv(
R(yI − aI)

θI
).
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The first-order condition is

v′(aI) = Rv′(
R(yI − aI)

θI
).

It follows from assumption 1 that

yI − aI
θI

≤ aI ≤
R(yI − aI)

θI
⇒ yI

θI + 1
≥ yI − aI

θI
.

Also, by the Envelop theorem, I have

∂VI
∂y

(θI , yI , 0) = Rv′(
R(yI − aI)

θI
).

For ωI = 1, I have

VI(θI , yI , 1) = max
aI∈A

v(0) + (θI + 1)v(
R(yI − aI)
θI + 1

)

= (θI + 1)v(
RyI
θI + 1

).

It follows that
∂VI
∂y

(θI , yI , 1) = Rv′(
RyI
θI + 1

). (17)

By the first-order condition, I have ∂VI
∂y

(θI , yI , 1) ≤ ∂VI
∂y

(θI , yI , 0).

Second-last Investor I − 1: The intermediary’s bellman equation for investor I − 1 is

VI−1(θI−1, yI−1, ωI−1, p
ωI−1

I−1 ) = max
aI−1

vI−1(ωI−1, aI−1) + p
ωI−1

I−1 VI(θI−1 + ωI−1, yI−1 − aI+1, 1)

+ (1− pωI−1

I−1 )VI(θI−1 + ωI−1, yI−1 − aI+1, 0).

For ωI−1 = 0, I have

VI−1(θI−1, yI−1, 0, p
0
I−1) = max

aI−1

v(aI−1) + p0
I−1VI(θI−1, yI−1 − aI+1, 1)

+ (1− p0
I−1)VI(θI−1, yI−1 − aI+1, 0).

The first-order condition is

v′(aI−1) = p0
I−1

∂VI
∂yI

(θI−1, yI−1 − aI+1, 1) + (1− p0
I−1)

∂VI
∂yI

(θI−1, yI−1 − aI+1, 0).
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Denote HI−1(aI−1, p
0
I−1) as

HI−1(aI−1, p
0
I−1) = v(aI−1) + p0

I−1VI(θI−1, yI−1 − aI−1, 1) + (1− p0
I−1)VI(θI−1, yI−1 − aI−1, 0).

Then by (17) I have

∂2HI−1

∂aI−1∂p0
I−1

(aI−1, p
0
I−1) =

∂VI
∂y

(θI−1, yI−1 − aI−1, 0)− ∂VI
∂y

(θI−1, yI−1 − aI−1, 1) ≥ 0.

Therefore, HI−1(aI−1, p
0
I−1) has increasing differences. By Theorem 6.1 in Topkis (1978), I have

daI−1

dp0I−1
≥ 0. Furthermore, by the first-order condition and the envelop theorem, I have

∂

∂p0
I−1

[
∂VI−1

∂yI−1

(θI−1, yI−1, 0, p
0
I−1)] = v′′(aI−1)

daI−1

dp0
I−1

≤ 0. (18)

For ωI−1 = 1, I have

VI−1(θI−1, yI−1, 1, p
1
I−1) = p1

I−1VI(θI−1 + 1, yI−1, 1) + (1− p1
I−1)VI(θI−1 + 1, yI−1, 0).

Since p0
I−1 6= p1

I−1, so I cannot apply the technique in Green and Lin (2003). Instead, I first

consider a different problem for ωI−1 = 0, i.e.,

VI−1(θI−1, yI−1, 0, p
1
I−1) = max

aI−1

v(aI−1) + p1
I−1VI(θI−1, yI−1 − aI+1, 1)

+ (1− p1
I−1)VI(θI−1, yI−1 − aI+1, 0).

That is, the transition probability after ωI−1 = 0 is the same as the one after ωI−1 = 1. Then

I can apply the technique in Green and Lin (2003) that gives us

p1
I−1

∂VI
∂yI

(θI−1, yI−1 − aI−1, 1) + (1− p1
I−1)

∂VI
∂yI

(θI−1, yI−1 − aI−1, 0)

≥ p1
I−1

∂VI
∂yI

(θI−1 + 1, yI−1, 1) + (1− p1
I−1)

∂VI
∂yI

(θI−1 + 1, yI−1, 0).

That is, ∂VI−1

∂yI−1
(θI−1, yI−1, 0, p

1
I−1) ≥ ∂VI−1

∂yI−1
(θI−1, yI−1, 1, p

1
I−1). Then by Lemma 1, I have p1

I−1 ≥
p0
I−1. It follows from (18) that ∂VI−1

∂yI−1
(θI−1, yI−1, 0, p

0
I−1) ≥ ∂VI−1

∂yI−1
(θI−1, yI−1, 0, p

1
I−1). Therefore I
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have
∂VI−1

∂y
(θI−1, yI−1, 0, p

0
I−1) ≥ ∂VI−1

∂y
(θI−1, yI−1, 1, p

1
I−1). (19)

Third-Last Investor I-2: The intermediary’s bellman equation for Investor I − 2 is

VI−2(θI−2, yI−2, ωI−2, p
ωI−2

I−2 , p
0
I−1, p

1
I−1)

= max
aI−2

vI−2(ωI−2, aI−2) + p
ωI−2

I−2 VI−1(θI−2 + ωI−2, yI−2 − aI−2, 1, p
1
I−1(ωI−2))

+ (1− pωI−2

I−2 )VI−1(θI−2 + ωI−2, yI−2 − aI−2, 0, p
0
I−1(ωI−2)).

For ωI−2 = 0, I have

VI−2(θI−2, yI−2, 0, p
0
I−2, p

0
I−1, p

1
I−1) = max

aI−2

v(aI−2) + p0
I−2VI−1(θI−2, yI−2 − aI−2, 1, p

1
I−1)

+ (1− p0
I−2)VI−1(θI−2, yI−2 − aI−2, 0, p

0
I−1).

The first-order condition is

v′(aI−2) = p0
I−2

∂VI−1

∂yI−1

(θI−2, yI−2 − aI−2, 1, p
1
I−1) + (1− p0

I−2)
∂VI−1

∂yI−1

(θI−2, yI−2 − aI−2, 0, p
0
I−1).

Denote HI−2(aI−2, p
0
I−2, p

0
I−1, p

1
I−1) as

HI−2(aI−2, p
0
I−2, p

0
I−1, p

1
I−1)

= v(aI−2) + p0
I−2VI−1(θI−2, yI−2 − aI−2, 1, p

1
I−1) + (1− p0

I−2)VI−1(θI−2, yI−2 − aI−2, 0, p
0
I−1).

Then, by (19) and (18), I have

∂2HI−2

∂aI−2∂p0
I−2

(aI−2, p
0
I−2, p

0
I−1, p

1
I−1)

=
∂VI−1

∂yy−1

(θI−2, yI−2 − aI−2, 0, p
0
I−1)− ∂VI−1

∂yy−1

(θI−2, yI−2 − aI−2, 1, p
1
I−1) ≥ 0,

and

∂2HI−2

∂aI−2∂p1
I−1

(aI−2, p
0
I−2, p

0
I−1, p

1
I−1)
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= p0
I−2[

∂VI−1

∂yy−1

(θI−2 + 1, yI−2 − aI−2, 0, p
0
I−1)− ∂VI−1

∂yy−1

(θI−2 + 1, yI−2 − aI−2, 1, p
1
I−1)] ≥ 0,

and

∂2HI−2

∂aI−2∂p0
I−1

(aI−2, p
0
I−2, p

0
I−1, p

1
I−1) = (1− p0

I−2)(−1)
∂

∂p0
I−1

[
∂VI−1

yI−1

(θI−2, yI−2 − aI−2, 0, p
0
I−1)]

= (1− p0
I−2)(−1)v′′(aI−1)

daI−1

dp0
I−1

≥ 0.

Therefore, functionHI−2(aI−2, p
0
I−2, p

0
I−1, p

1
I−1) has increasing differences in (aI−2, p

0
I−2), (aI−2, p

0
I−1)

and (aI−2, p
1
I−1). By Theorem 6.1 in Topkis (1978), I have that aI−2(p0

I−2, p
0
I−1, p

1
I−1) ≥ aI−2(p̂0

I−2, p̂
0
I−1, p̂

1
I−1)

whenever (p0
I−2, p

0
I−1, p

1
I−1) ≥ (p̂0

I−2, p̂
0
I−1, p̂

1
I−1). Furthermore, by the first-order condition and

the envelop theorem, I have

∂VI−2

∂yI−2

(θI−2, yI−2, 0, p
0
I−2, p

0
I−1, p

1
I−1) ≤ ∂VI−2

∂yI−2

(θI−2, yI−2, 0, p̂
0
I−2, p̂

0
I−1, p̂

1
I−1) (20)

whenever (p0
I−2, p

0
I−1, p

1
I−1) ≥ (p̂0

I−2, p̂
0
I−1, p̂

1
I−1).

For ωI−2 = 1, I have

VI−2(θI−2, yI−2, 1, p
1
I−2, p̂

0
I−1, p̂

1
I−1) = p1

I−2VI−1(θI−2 + 1, yI−2, 1, p̂
1
I−1)

+ (1− p1
I−2)VI−1(θI−2 + 1, yI−2 − aI−2, 0, p̂

0
I−1).

Similarly, I first consider a different problem for ωI−2 = 0, i,e.,

VI−2(θI−2, yI−2, 0, p
1
I−2, p̂

0
I−1, p̂

1
I−1) = max

aI−2

v(aI−2) + p1
I−2VI−1(θI−2, yI−2 − aI−2, 1, p̂

1
I−1)

+ (1− p1
I−2)VI−1(θI−2, yI−2 − aI−2, 0, p̂

0
I−1).

That is, the transition probability after ωI−2 = 0 is the same as the one after ωI−2 = 1. Then

I can apply the technique in Green and Lin (2003) again and get

∂VI−2

∂yI−2

(θI−2, yI−2, 0, p
1
I−2, p̂

0
I−1, p̂

1
I−1) ≥ ∂VI−2

∂yI−2

(θI−2, yI−2, 1, p
1
I−2, p̂

0
I−1, p̂

1
I−1)
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By Lemma 1, I have (p1
I−2, p̂

0
I−1, p̂

1
I−1) ≥ (p0

I−2, p
0
I−1, p

1
I−1). It follows from (20) that

∂VI−2

∂yI−2

(θI−2, yI−2, 0, p
0
I−2, p

0
I−1, p

1
I−1) ≥ ∂VI−2

∂yI−2

(θI−2, yI−2, 0, p
1
I−2, p̂

0
I−1, p̂

1
I−1)

It follows that

∂VI−2

∂yI−2

(θI−2, yI−2, 0, p
0
I−2, p

0
I−1, p

1
I−1) ≥ ∂VI−2

∂yI−2

(θI−2, yI−2, 1, p
1
I−2, p̂

0
I−1, p̂

1
I−1),

which is equivalent to

EωI−2=0

ωI
I−1

[v′(
R(yI−2 −

∑I
k=I−2 a

0
k(ω

I−2, 0, ωII−1))

θI−2 + θ(ωII−1)
)] ≥ EωI−2=1

ωI
I−1

[v′(
R(yI−2 −

∑I
k=I−1 a

0
k(ω

I−2, 1, ωII−1))

θI−2 + 1 + θ(ωII−1)
)],

where EωI−2

ωI
I−1

is determined by the transition probability following ωI−2.

Investor i: By induction, I can prove that for any investor i given the first i − 1 investors’

type being ωi−1 and the remaining resources y, the following inequality is true:

Eωi=0
ωI
i+1

[v′(
R(y −

∑I
k=i a

0
k(ω

i−1, 0, ωIi+1))

θ(ωi−1) + θ(ωIi+1)
)] ≥ Eωi=1

ωI
i+1

[v′(
R(y −

∑I
k=i+1 a

0
k(ω

i−1, 1, ωIi+1))

θ(ωi−1) + 1 + θ(ωIi+1)
)]. (21)

This is the counterpart of (A.8) in Green and Lin (2003) and note that with correlated types

the expectation on the right-hand side is different from that on the left-hand side.

Then, the rest of the proof is the exactly the same as in Green and Lin (2003). By the

first-order condition and envelop theorem of the intermediary’s problem for ωi = 0, I have

v′(a0
i (ω

i−1, 0)) > Eωi=0
ωI
i+1

[v′(
R(y −

∑I
k=i a

0
k(ω

i−1, 0, ωIi+1))

θ(ωi−1) + θ(ωIi+1)
)].

It follows from (21) that

v′(a0
i (ω

i−1, 0)) > Eωi=1
ωI
i+1

[v′(
R(y −

∑I
k=i+1 a

0
k(ω

i−1, 1, ωIi+1))

θ(ωi−1) + 1 + θ(ωIi+1)
)].

By the assumption that d
dc

[v
′′(c)
v′(c)

] ≥ 0 for all c, there exists a function Φ : R → R+ such that

Φ′ < 0, Φ′′ > 0, and

v′(c) = Φ(v(c)).
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Then it follows that

Φ(v(a0
i (ω

i−1, 0))) > Eωi=1
ωI
i+1

[Φ(v(
R(y −

∑I
k=i+1 a

0
k(ω

i−1, 1, ωIi+1))

θ(ωi−1) + 1 + θ(ωIi+1)
))]

> Φ[Eωi=1
ωI
i+1

[v(
R(y −

∑I
k=i+1 a

0
k(ω

i−1, 1, ωIi+1))

θ(ωi−1) + 1 + θ(ωIi+1)
)]] (By Φ′′ > 0).

Since Φ′ < 0, so

v(a0
i (ω

i−1, 0)) < Eωi=1
ωI
i+1

[v(
R(y −

∑I
k=i+1 a

0
k(ω

i−1, 1, ωIi+1))

θ(ωi−1) + 1 + θ(ωIi+1)
)],

which completes the proof.

E. A conditionally independent model for assumption 3

Suppose there is a finite number of unobserved states in the economy indexed by θj ∈ Θ.

Denote pj the probability for state θj. Then conditional on the event that the state is θj, each

investor’s type is independently distributed and the probability of being impatient is λj. One

interpretation of this conditionally independent model is the following: there is a finite number

of possible real unemployment rate. Given each unemployment rate, investors’ liquidity needs

are independently distributed and the probability of an investor being impatient depends on

the real unemployment rate.

Define p(k) = C(I, k)
∑m

j=1 λ
k
j (1−λj)n−kpj for any k ∈ {0, 1, · · · , I}. Next, I will show that

p(·) satisfies the monotonicity condition in assumption 3. To show that, it is equivalent to show

the following:

[
m∑
j=1

λkj (1− λj)n−kpj][
m∑
j=1

λk+2
j (1− λj)n−k−2pj]− [

m∑
j=1

λk+1
j (1− λj)n−k−1pj]

2 ≥ 0. (22)

It follows that

∑
i 6=j

[λki (1− λi)n−kλk+2
j (1− λj)n−k−2 + λkj (1− λj)n−kλk+2

i (1− λi)n−k−2]pipj

≥
∑
i 6=j

[2λk+1
i (1− λi)n−k−1λk+1

j (1− λj)n−k−1]pipj
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Note that for any i 6= j, the following is true:

{[λki (1− λi)n−kλk+2
j (1− λj)n−k−2]

1
2 + [λkj (1− λj)n−kλk+2

i (1− λi)n−k−2]
1
2}2 ≥ 0

Therefore, I have for any i 6= j

λki (1−λi)n−kλk+2
j (1−λj)n−k−2+λkj (1−λj)n−kλk+2

i (1−λi)n−k−2 ≥ 2λk+1
i (1−λi)n−k−1λk+1

j (1−λj)n−k−1

Then it implies that (22) holds, which completes the proof.
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