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Overview

“[T]he fate of Bear Sterns was the result of 
a lack of confidence, not a lack of capital”---C. Cox 

The problem was...

On the liabilities side rather than the asset side &
Liquidity based rather than solvency based

↓↑
Conventional approaches to bank capital regulation aim to...

Serve only as a buffer against the shortfall 
in the asset side of BS



Overview (Cont.)

Ex post insolvency Interim run

”INS. risk” “ILL. risk”+ = Total credit risk

Capital (Solvency) Cash (Liquidity)

Which is more 
effective to reduce 

total C.R.?

A classification of equilibria by the global game method...



Overview (Cont.)

This paper shows...

・Improving liquidity may be more effective 

than increasing solvency

when there is great uncertainty or low liquidity.

・This result is robust to assumptions 

about economic environment

→New approach to bank capital regulation !



Empirical Eviences

1st trend: Decline in cash holding by banks
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→Decreased liquidity (Increased ILL component of C.R.) ?



Empirical Evidences (Cont.)

2nd trend: Shortening maturity of bank liabilities
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→Paradoxically increased ILL component of C.R.?

Due to 
the result 

of §4



Roadmap

Model
A decomposition of C.R.

Analytical expressions for decomposed C.R.

Policy implication

BS comparative statics

--- Ex ante / Interim
--- INS component / ILL component

--- Solvency
--- Liquidity
--- Liquid asset vs Safe asset



Model: BS

Liabilities side

Asset side

E : That of equity

S, L : Face value of short- and long-term debt

,    : Promised gross rate of return for S and L 
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i ∈ {0, 1, ..., N} : Set of categories of assets

: Total face value of assets in category i 
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: Asset i’s value (per unit face value) at date t

EFFICIENT RESOURCE ALLOCATION ON THE BASIS OF

PRIORITIES: COMMENT

YUSUKE NARITA*1

1. INTRODUCTION

θt = θt−1 + σtεt

Many economic institutions allocate resources to agents by nonmarket mechanisms

on the basis of agents’ fixed priorities for resources. For such one-to-many two-sided

matching markets, the seminal work by Ergin (2002) gives a necessary and sufficient

condition under which they can allocate resources on such basis (i) Pareto efficiently for

agents, (ii) without creating incentives for strategic manipulation, and (iii) consistently

across different groups of agents and resource levels. According to Theorem 1, the main

theorem, in that paper an allocation satisfying the conditions (i), (ii), and (iii) is possible

if and only if a priority structure for resources is acyclical, i.e., it never gives rise to

situations where an agent can block a potential settlement between any two other agents

without changing his own position. A crucial step of the proof of the theorem, however,

needs two corrections. In this note, we provide two counterexamples to Ergin’s original

proof and then show that the theorem holds as it is by providing an alternative proof

which accommodates these counterexamples.

2. NOTATION AND DEFINITIONS

Let A be a set of types of goods and N be a set of agents. q := (qa)a∈A stands for a

vector of quotas where for each a ∈ A, qa ≥ 1 denotes the number of available goods of

type a. A priority structure is a profile of linear order over agents #:= (#a)a∈A where

for each a ∈ A, #a ranks agents with respect to their priority for a. For each a ∈ A and

i ∈ N , let Ua(i) := {j ∈ N | j #a i}.
Distinct a, b ∈ A and i, j, k ∈ N constitute a cycle if

(C) Cycle condition: i $a j $a k $b i.

(S) Scarcity condition: There are (possibly empty) disjoint sets of agents Na, Nb ⊂
N ＼ {i, j, k} such that Na ⊂ Ua(j), Nb ⊂ Ub(i), |Na| = qa − 1, and |Nb| = qb − 1.

*1 Graduate School of Economics, University of Tokyo and VCASI. I am very grateful to Michihiro Kandori and Fuhito

Kojima for encouragement and guidance. I also thank Haluk Ergin, Yusuke Kasuya, Akihiko Matsui and Hitoshi

Matsushima for comments.
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EFFICIENT RESOURCE ALLOCATION ON THE BASIS OF

PRIORITIES: COMMENT

YUSUKE NARITA*1

1. INTRODUCTION

E2 Many economic institutions allocate resources by nonmarket mechanisms on the

basis of priorities. The seminal work by Ergin (2002) gives a necessary and sufficient

condition under which they can allocate resources on such basis Pareto efficiently, without

creating incentives for strategic manipulation and consistently across different groups of

agents and resource levels. According to Theorem 1, the main theorem, in that paper it

can be done if and only if a priority structure for resources is acyclical, i.e., it never gives

rise to situations where an agent can block a potential settlement between any two other

agents without changing his own position. A crucial step of the proof of the theorem,

however, needs two corrections. In this note, we provide two counterexamples to Ergin’s

original proof and then show that the theorem holds as it is by providing an alternative

proof which accommodates these counterexamples.

2. NOTATIONS AND DEFINITIONS

Let A be a set of types of goods and N be a set of agents. q := (qa)a∈A stands for a

vector of quotas where for each a ∈ A, qa ≥ 1 denotes the number of available goods of

type a. A priority structure is a profile of linear order over agents #:= (#a)a∈A where

for each a ∈ A, #a ranks agents with respect to their priority for a. For each a ∈ A and

i ∈ N , let Ua(i) := {j ∈ N | j #a i}.
Distinct a, b ∈ A and i, j, k ∈ N constitute a cycle if

(C) Cycle condition: i $a j $a k $b i.

(S) Scarcity condition: There are (possibly empty) disjoint sets of agents Na, Nb ⊂
N ＼ {i, j, k} such that Na ⊂ Ua(j), Nb ⊂ Ub(i), |Na| = qa − 1, and |Nb| = qb − 1.

More generally, distinct a0, a1, ..., an−1 ∈ A and j, i0, i1, ..., in−1 ∈ N with n ≥ 2 consti-

tute a generalized cycle if

*1 Graduate School of Economics, University of Tokyo and VCASI. I am very grateful to Fuhito Kojima for encour-

agement and discussion. I also thank Haluk Ergin, Yusuke Kasuya, Michihiro Kandori and Hitoshi Matsushima for

comments.
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Model: Insolvency at Date 2

The bank is solvent at date 2 if

Call this the 
solvency point. 
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Model: Run at Date 1

Run occurs at date 1 if

The proportion of 
S-holders 

not rolling over

Interim liquidation

: Total liquidation value
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EFFICIENT RESOURCE ALLOCATION ON THE BASIS OF

PRIORITIES: COMMENT

YUSUKE NARITA*1

1. INTRODUCTION

α0 = 1, β0 = 0(⇒ r0 = 1), and λ0 = 1

λi ∈ [0, 1]

Many economic institutions allocate resources to agents by nonmarket mechanisms

on the basis of agents’ fixed priorities for resources. For such one-to-many two-sided

matching markets, the seminal work by Ergin (2002) gives a necessary and sufficient

condition under which they can allocate resources on such basis (i) Pareto efficiently for

agents, (ii) without creating incentives for strategic manipulation, and (iii) consistently

across different groups of agents and resource levels. According to Theorem 1, the main

theorem, in that paper an allocation satisfying the conditions (i), (ii), and (iii) is possible

if and only if a priority structure for resources is acyclical, i.e., it never gives rise to

situations where an agent can block a potential settlement between any two other agents

without changing his own position. A crucial step of the proof of the theorem, however,

needs two corrections. In this note, we provide two counterexamples to Ergin’s original

proof and then show that the theorem holds as it is by providing an alternative proof

which accommodates these counterexamples.

2. NOTATION AND DEFINITIONS

Let A be a set of types of goods and N be a set of agents. q := (qa)a∈A stands for a

vector of quotas where for each a ∈ A, qa ≥ 1 denotes the number of available goods of

type a. A priority structure is a profile of linear order over agents $:= ($a)a∈A where

for each a ∈ A, $a ranks agents with respect to their priority for a. For each a ∈ A and

i ∈ N , let Ua(i) := {j ∈ N | j $a i}.
Distinct a, b ∈ A and i, j, k ∈ N constitute a cycle if

(C) Cycle condition: i %a j %a k %b i.

(S) Scarcity condition: There are (possibly empty) disjoint sets of agents Na, Nb ⊂

*1 Graduate School of Economics, University of Tokyo and VCASI. I am very grateful to Michihiro Kandori and Fuhito

Kojima for encouragement and guidance. I also thank Haluk Ergin, Yusuke Kasuya, Akihiko Matsui and Hitoshi

Matsushima for comments.

1

The Value of Fundamentals: There are three dates: initial (date 0), interim (date 1),
and final (date 2). Let θi denote the value of fundamentals at date i and assume that

θ1 = θ0 + σ1ε1

θ2 = θ1 + σ2ε2

where ε1 and ε2 are independently distributed with 0 means and densities f1 and
f2 respectively1. The parameters σi measure the size of interim and final period
uncertainty respectively. The relative size of σi plays an important role in the analysis.

The Value of Assets at Date 2: The value of asset i at date 2 relative to its face value
is given by

αi + βiθ2

Let i = 0 be cash, which is characterized by α0 = 0, β0 = 1.

Solvency: Let rL and rS be the promised gross return for long- and short-term debt
holders, respectively. The bank is solvent if asset gross returns cover liabilities, i.e.,

N

∑
i=0

(αi + βiθ2)Ai ≥ SrS + LrL

or equivalently,

θ2 ≥
SrS + LrL −

N

∑
i=0

αi Ai

N

∑
i=0

βi Ai

≡ θ∗

Let call θ∗ a solvency point. Assume that if the bank is insolvent in period 2—i.e.,
when θ2 < θ∗— then the bank goes into liquidation and for simplicity assume that
neither short nor long term debtors receive any return.2

Date 1 Decision of Short-Term Debt Holders: A the interim date 1, the short run
debt holders observe θ1 and face a decision about whether to roll over their lending.
If the positions of short run debt holders are not rolled over, then assets must be
liquidated to cover their positions.

Liquidated Value of Assets: Assume that the liquidated value of asset i is3

λi(αi + βiθ0)Ai

where λi ∈ [0, 1] represents the fire sale discount. Assume that cash is perfectly
liquid, so that λ0 = 1. Thus, the total liquidation value of the bank’s assets is

A∗ ≡
N

∑
i=0

λi(αi + βiθ0)Ai

1Conditional on date 0 information?
2Restrictive?
3In the paper, βi is set to β. This would be a typo. Setting θ0 instead of θ1 seems problematic since the

fundamental is revealed as θ1 at this time. Setting λi(αi + βiθ1)Ai as the liquidated value is appropriate.
However, this makes the liquidated asset value random at period 0. Then, the following argument need
some adjustment.

2



Model: Run at Date 1 (Cont.)

Assumption
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    : Gross rate of return of 
outside opportunity
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Remark

・This implies                                  .

(Assume that short holder requires its face value when she decided not to roll over
her lending4.) Then, the bank suffers a run if the proportion of short term debt
holders not rolling over is more than A∗/S.

Three Assumptions Regarding Run: Assume that [1] if there is a run, all value is
destroyed and short term debtors get a return of 0, [2] if there is not a run, new
creditors will eventually be found and the balance sheet reverts to its initial state
after the failed run, and [3] short run debt holders have an alternative investment
opportunity in which they can earn gross return r∗.

Assumption on Parameters: Throughout the paper, assume that

(1) q ≡ r∗S
rS A∗ < 1 <

S
A∗

where the second inequality means that the liquidation value of asset is smaller than
the face value of short term debt (otherwise run never happens), and the first inequal-
ity means that the outside opportunity is fairly unattractive relative to the investment
in this bank (the inequality implies r∗A∗ < r∗S < rS A∗ < rSS).

2.2 Solving the Coordination Game and Interim Credit Risk

The Interim Solvency Risk: The probability that the bank will fail if there is no run at
date 1 is

(2) INS1(θ1) = F2

(
θ∗ − θ1

σ2

)

The Total Expected Return at Date 1:The total expected return to rolling over, con-
ditional on there not being a run, is

rS

(
1 − F2

(
θ∗ − θ1

σ2

))

while the return to not rolling over is r∗.

Noise in Observing θ1: Suppose that instead of perfectly observing θ1, each short
run creditor observed it with a small amount of noise.

The Density over the Ratio of “Not Roll Over”
Let π be the proportion of short-term creditors who do not roll over their debt. The
standard result for global games suggests that, in the limiting case as noise goes to
zero, and conditional on being at the switching point between rolling over and not rolling
over short-term debt, the density over π is the uniform density over [0, 1].

The Indifference Condition: It is indifferent for short run debt holders to rolling
over and not rolling over when θ1 is at the run point θ∗∗ satisfying

A∗

S

(
1 − F2

(
θ∗ − θ∗∗

σ2

))
rS = r∗

4Added this assumption

3

・∃ 1-to-1 mapping from      to q.

→ Call q illiquidity index.
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EFFICIENT RESOURCE ALLOCATION ON THE BASIS OF

PRIORITIES: COMMENT

YUSUKE NARITA*1

1. INTRODUCTION

E2 Many economic institutions allocate resources by nonmarket mechanisms on the

basis of priorities. The seminal work by Ergin (2002) gives a necessary and sufficient

condition under which they can allocate resources on such basis Pareto efficiently, without

creating incentives for strategic manipulation and consistently across different groups of

agents and resource levels. According to Theorem 1, the main theorem, in that paper it

can be done if and only if a priority structure for resources is acyclical, i.e., it never gives

rise to situations where an agent can block a potential settlement between any two other

agents without changing his own position. A crucial step of the proof of the theorem,

however, needs two corrections. In this note, we provide two counterexamples to Ergin’s

original proof and then show that the theorem holds as it is by providing an alternative

proof which accommodates these counterexamples.

2. NOTATIONS AND DEFINITIONS

Let A be a set of types of goods and N be a set of agents. q := (qa)a∈A stands for a

vector of quotas where for each a ∈ A, qa ≥ 1 denotes the number of available goods of

type a. A priority structure is a profile of linear order over agents #:= (#a)a∈A where

for each a ∈ A, #a ranks agents with respect to their priority for a. For each a ∈ A and

i ∈ N , let Ua(i) := {j ∈ N | j #a i}.
Distinct a, b ∈ A and i, j, k ∈ N constitute a cycle if

(C) Cycle condition: i $a j $a k $b i.

(S) Scarcity condition: There are (possibly empty) disjoint sets of agents Na, Nb ⊂
N ＼ {i, j, k} such that Na ⊂ Ua(j), Nb ⊂ Ub(i), |Na| = qa − 1, and |Nb| = qb − 1.

More generally, distinct a0, a1, ..., an−1 ∈ A and j, i0, i1, ..., in−1 ∈ N with n ≥ 2 consti-

tute a generalized cycle if

*1 Graduate School of Economics, University of Tokyo and VCASI. I am very grateful to Fuhito Kojima for encour-

agement and discussion. I also thank Haluk Ergin, Yusuke Kasuya, Michihiro Kandori and Hitoshi Matsushima for

comments.
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EFFICIENT RESOURCE ALLOCATION ON THE BASIS OF

PRIORITIES: COMMENT

YUSUKE NARITA*1

1. INTRODUCTION

θ2 ≥ θ∗?

Many economic institutions allocate resources to agents by nonmarket mechanisms on

the basis of agents’ fixed priorities for resources. Consider a situation where each type of

goods has some quota which can be greater than one and each agent can be matched with

only one good. For such one-to-many two-sided matching mechanisms, the seminal work

by Ergin (2002) gives a necessary and sufficient condition under which they can allocate

resources on such basis (i) Pareto efficiently for agents, (ii) without creating incentives for

strategic manipulation, and (iii) consistently across different groups of agents and resource

levels. According to Theorem 1, the main theorem, in that paper an allocation satisfying

the conditions (i), (ii), and (iii) is possible if and only if a priority structure for resources

is acyclical, i.e., it never gives rise to situations where an agent can block a potential

settlement between any two other agents without changing his own position. A crucial

step of the proof of the theorem, however, needs two corrections. In this note, we provide

two counterexamples to Ergin’s original proof and then show that the theorem holds as

it is by providing an alternative proof which accommodates these counterexamples.

2. NOTATION AND DEFINITIONS

Let A be a set of types of goods and N be a set of agents. q := (qa)a∈A stands for a

vector of quotas where for each a ∈ A, qa ≥ 1 denotes the number of available goods of

type a. A priority structure is a profile of linear order over agents #:= (#a)a∈A where

for each a ∈ A, #a ranks agents with respect to their priority for a. For each a ∈ A and

i ∈ N , let Ua(i) := {j ∈ N | j #a i}.
Distinct a, b ∈ A and i, j, k ∈ N constitute a cycle if

(C) Cycle condition: i $a j $a k $b i.

(S) Scarcity condition: There are (possibly empty) disjoint sets of agents Na, Nb ⊂
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Results from the Global Game Method

Result 1: In the limit as           , 
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Result 2: Let            {Roll over, Not} be a S-holder j’s strategy. 
In any eqrm., each j follows a strategy s.t. 

Each S-holder j’s belief
on the proportion of 

S-holders not rolling over
= U[0,1]
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α0 = 1, β0 = 0(⇒ r0 = 1), and λ0 = 1

=Prob{θ0 + σ1ε1 = θ1|θ0}
sj : R→ {Roll over, Not}

si(θ1) =





Roll over if θ1 ≥ θ∗∗

Not if θ∗∗ > θ1

Primer on Global Games

Consider the following game.

Figure on the blackboard

If we view it as a game with complete info.,

i) θ < 0...Unique eqrm. (N, N)

ii) θ > 1...Unique eqrm. (A, A)

iii) 0 < θ < 1...2 pure eqrm. ((N, N), (A, A)) and a mixed eqrm.

→ How to deal with? (So called ‘eqrm. selection’ problem)

Global game approach views it as a game with incomplete info.,

i.e., each player i observes a private signal

xi = θ + σεi

where θ～U(−∞,∞) and εi～i.i.d.N [0, 1]. Then,

Prop. There exists unique equilibrium s.t. for each i = 1, 2,
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In addition, there is unique eqrm. &
associated    .
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uj → 0
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∃θ∗∗
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satisfies the following “indifference condition.”
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which justify the term “illiquidity index.”
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EFFICIENT RESOURCE ALLOCATION ON THE BASIS OF

PRIORITIES: COMMENT

YUSUKE NARITA*1

1. INTRODUCTION

≥ q

Many economic institutions allocate resources to agents by nonmarket mechanisms on

the basis of agents’ fixed priorities for resources. Consider a situation where each type of

goods has some quota which can be greater than one and each agent can be matched with

only one good. For such one-to-many two-sided matching mechanisms, the seminal work

by Ergin (2002) gives a necessary and sufficient condition under which they can allocate

resources on such basis (i) Pareto efficiently for agents, (ii) without creating incentives for

strategic manipulation, and (iii) consistently across different groups of agents and resource

levels. According to Theorem 1, the main theorem, in that paper an allocation satisfying

the conditions (i), (ii), and (iii) is possible if and only if a priority structure for resources

is acyclical, i.e., it never gives rise to situations where an agent can block a potential

settlement between any two other agents without changing his own position. A crucial

step of the proof of the theorem, however, needs two corrections. In this note, we provide

two counterexamples to Ergin’s original proof and then show that the theorem holds as

it is by providing an alternative proof which accommodates these counterexamples.

2. NOTATION AND DEFINITIONS

Let A be a set of types of goods and N be a set of agents. q := (qa)a∈A stands for a

vector of quotas where for each a ∈ A, qa ≥ 1 denotes the number of available goods of

type a. A priority structure is a profile of linear order over agents #:= (#a)a∈A where

for each a ∈ A, #a ranks agents with respect to their priority for a. For each a ∈ A and

i ∈ N , let Ua(i) := {j ∈ N | j #a i}.
Distinct a, b ∈ A and i, j, k ∈ N constitute a cycle if

(C) Cycle condition: i $a j $a k $b i.

(S) Scarcity condition: There are (possibly empty) disjoint sets of agents Na, Nb ⊂
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A Decomposition of C.R.: Interim

Interim ILS risk

Remark

・This denotes the prob. that there is no run at date 1 
& the bank becomes insolvent at date 2
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Interim total C.R.
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Interim ILL risk

where A∗/S = P[NotRun] = U[π ≤ A∗/S]. Rewriting the condition gives us

(3) θ∗∗ = θ∗ − σ2F−1
2 (1 − q)

The condition states that a run will occur whenever the interim probability of sol-
vency (provided there is no run) is below q. Let call q the illiquidity index.

The Interim Illiquidity Risk: The interim illiquidity risk, i.e., the probability that the
bank will fail because of a run, when it would not have been insolvent in the absence
of a run, is given by

(4) ILL1(θ1) =





1 − F2

(
θ∗ − θ1

σ2

)
if θ1 ≤ θ∗∗

0 if θ1 > θ∗∗

The Total Interim Credit Risk: Total interim credit risk is C1(θ1) = INS1(θ1) +
ILL1(θ1), so that

(5) C1(θ1) =






1 if θ1 ≤ θ∗∗

F2

(
θ∗ − θ

σ2

)
if θ1 > θ∗∗

2.3 Three Measures of Ex Ante Credit Risk

Ex Ante Insolvency Risk: The ex ante probability of insolvency, that is, the proba-
bility that the bank is insolvent in period 2, conditional on there not being a run in
period 1 is given by

(6) INS0(θ0) =
∫ ∞

−∞
F2

(
θ∗ − θ1

σ2

)
1
σ1

f1

(
θ1 − θ0

σ1

)
dθ1

Ex Ante Illiquidity Risk: The ex ante probability of illiquidity, that is, the probability
that the bank fails due to run whereas it would be solvent without a run, is given by

(7) ILL0(θ0) =
∫ θ∗−σ2F−1

2 (1−q)

−∞

(
1 − F2

(
θ∗ − θ1

σ2

))
1
σ1

f1

(
θ1 − θ0

σ1

)
dθ1

Ex Ante Total Credit Risk: The total ex ante total credit risk is given by

(8)

C0(θ0) = INS0(θ0) + ILL0(θ0)

= F1

(
θ∗ − θ0 − σ2F−1

2 (1 − q)
σ1

)

+
∫ ∞

θ∗−σ2F−1
2 (1−q)

F2

(
θ∗ − θ1

σ2

)
1
σ1

f1

(
θ1 − θ0

σ1

)
dθ1
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・This denotes the prob. that a run occurs at date 1 
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EFFICIENT RESOURCE ALLOCATION ON THE BASIS OF

PRIORITIES: COMMENT

YUSUKE NARITA*1

1. INTRODUCTION

α0 = 1, β0 = 0(⇒ r0 = 1), and λ0 = 1

=Prob{θ0 + σ1ε1 = θ1|θ0}
ε2～F2

Many economic institutions allocate resources to agents by nonmarket mechanisms

on the basis of agents’ fixed priorities for resources. For such one-to-many two-sided

matching markets, the seminal work by Ergin (2002) gives a necessary and sufficient

condition under which they can allocate resources on such basis (i) Pareto efficiently for

agents, (ii) without creating incentives for strategic manipulation, and (iii) consistently

across different groups of agents and resource levels. According to Theorem 1, the main

theorem, in that paper an allocation satisfying the conditions (i), (ii), and (iii) is possible

if and only if a priority structure for resources is acyclical, i.e., it never gives rise to

situations where an agent can block a potential settlement between any two other agents

without changing his own position. A crucial step of the proof of the theorem, however,

needs two corrections. In this note, we provide two counterexamples to Ergin’s original

proof and then show that the theorem holds as it is by providing an alternative proof

which accommodates these counterexamples.

2. NOTATION AND DEFINITIONS

Let A be a set of types of goods and N be a set of agents. q := (qa)a∈A stands for a

vector of quotas where for each a ∈ A, qa ≥ 1 denotes the number of available goods of

type a. A priority structure is a profile of linear order over agents $:= ($a)a∈A where

for each a ∈ A, $a ranks agents with respect to their priority for a. For each a ∈ A and

i ∈ N , let Ua(i) := {j ∈ N | j $a i}.
Distinct a, b ∈ A and i, j, k ∈ N constitute a cycle if

(C) Cycle condition: i %a j %a k %b i.

(S) Scarcity condition: There are (possibly empty) disjoint sets of agents Na, Nb ⊂

*1 Graduate School of Economics, University of Tokyo and VCASI. I am very grateful to Michihiro Kandori and Fuhito

Kojima for encouragement and guidance. I also thank Haluk Ergin, Yusuke Kasuya, Akihiko Matsui and Hitoshi

Matsushima for comments.
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2.2 Solving the Coordination Game and Interim Credit Risk

The Interim Solvency Risk: The probability that the bank will fail if there is no run at
date 1 is

(2) INS1(θ1) = F2

(
θ∗ − θ1

σ2

)

The Total Expected Return at Date 1:The total expected return to rolling over, con-
ditional on there not being a run, is

rS

(
1 − F2

(
θ∗ − θ1

σ2

))

while the return to not rolling over is r∗.

Noise in Observing θ1: Suppose that instead of perfectly observing θ1, each short
run creditor observed it with a small amount of noise.

The Strategy at the Equilibrium Selected by Global Game Method
The global game method suggest that the short-term debt holders follows a threshold
strategy in which if one receives a signal below a switching point θ∗∗, she decides not to
roll over, and otherwise, decides to roll over.

The Belief over the Ratio of “Not Roll Over”
Let π be the proportion of short-term creditors who do not roll over their debt. The
standard result for global games suggests that, in the limiting case as noise goes to
zero, and conditional on being at the switching point between rolling over and not rolling
over short-term debt, the belief over π is the uniform belief over [0, 1]. · · · (∗)

The Indifference Condition: Consider characterizing the threshold point θ∗∗. It is
indifferent for short run debt holders to rolling over and not rolling over when θ1 is
at the run point θ∗∗ satisfying

A∗

S

(
1 − F2

(
θ∗ − θ∗∗

σ2

))
rS = r∗

where A∗/S = P[NotRun] = U[π ≤ A∗/S], which is a belief of short-term debt
holders who received a signal at the threshold point θ∗∗. Rewriting the condition
gives us

(3) θ∗∗ = θ∗ − σ2F−1
2 (1 − q)

The condition states that a run will occur whenever the interim probability of sol-
vency (provided there is no run) is below q. Let call q the illiquidity index.

The Interim Illiquidity Risk: The interim illiquidity risk, i.e., the probability that the
bank will fail because of a run, when it would not have been insolvent in the absence
of a run, is given by

(4) ILL1(θ1) =





1 − F2

(
θ∗ − θ1

σ2

)
if θ1 ≤ θ∗∗

0 if θ1 > θ∗∗

4
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Assumption: Noise w/ uniform dist. 
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Equivalent assumption for the c.d.f.s is

EFFICIENT RESOURCE ALLOCATION ON THE BASIS OF

PRIORITIES: COMMENT

YUSUKE NARITA*1

1. INTRODUCTION

εt～i.i.d.U [−1/2, 1/2]

Many economic institutions allocate resources to agents by nonmarket mechanisms

on the basis of agents’ fixed priorities for resources. For such one-to-many two-sided

matching markets, the seminal work by Ergin (2002) gives a necessary and sufficient

condition under which they can allocate resources on such basis (i) Pareto efficiently for

agents, (ii) without creating incentives for strategic manipulation, and (iii) consistently

across different groups of agents and resource levels. According to Theorem 1, the main

theorem, in that paper an allocation satisfying the conditions (i), (ii), and (iii) is possible

if and only if a priority structure for resources is acyclical, i.e., it never gives rise to

situations where an agent can block a potential settlement between any two other agents

without changing his own position. A crucial step of the proof of the theorem, however,

needs two corrections. In this note, we provide two counterexamples to Ergin’s original

proof and then show that the theorem holds as it is by providing an alternative proof

which accommodates these counterexamples.

2. NOTATION AND DEFINITIONS

Let A be a set of types of goods and N be a set of agents. q := (qa)a∈A stands for a

vector of quotas where for each a ∈ A, qa ≥ 1 denotes the number of available goods of

type a. A priority structure is a profile of linear order over agents $:= ($a)a∈A where

for each a ∈ A, $a ranks agents with respect to their priority for a. For each a ∈ A and

i ∈ N , let Ua(i) := {j ∈ N | j $a i}.
Distinct a, b ∈ A and i, j, k ∈ N constitute a cycle if

(C) Cycle condition: i %a j %a k %b i.

(S) Scarcity condition: There are (possibly empty) disjoint sets of agents Na, Nb ⊂
N ＼ {i, j, k} such that Na ⊂ Ua(j), Nb ⊂ Ub(i), |Na| = qa − 1, and |Nb| = qb − 1.

*1 Graduate School of Economics, University of Tokyo and VCASI. I am very grateful to Michihiro Kandori and Fuhito

Kojima for encouragement and guidance. I also thank Haluk Ergin, Yusuke Kasuya, Akihiko Matsui and Hitoshi

Matsushima for comments.

1

We can relax 
this assumption

 (§4.2)      



Analytical Expressions for Interim C.R. (Cont.)

Run point

Interim ILS risk

insolvency

risk

22

1* !" # 22

1* !" +
1"

0

1

!"#$%& '( )*+,-.&*/0 %"+1

)* 23"+ /4+&5 23& "*2&%"6 /%&7"2 %"+1 /4* 8& %&9%&+&*2&7 4+ "* :#$%& '; <3&
=,%64- &>9%&++",*+ 4%& /,%%&+9,*7"*# 2, &?$42",*+ @AB C @DB 48,.& 8&/,6&(

!"#! @!!B E

!
"

#

F5 "= !! $ !
! % !

"
""

!

"
G !

!!

@!! % !!B 5 "= !
! % !

"
"" $ !! $ !

! G !

"
""

H5 "= !! G !

"
"" $ !!

!!! E !! G ""

$
# %

F

A

%

!&&! @!!B E

!
"

#

H5 "= !! $ !
! % !

"
""

!

"
% !

!!

@!! % !!B 5 "= !
! % !

"
"" $ !! $ !

! G ""
&
# % !

"

'

H5 "= !! $ !
! G ""

&
# % !

"

'

'! @!!B E

!
"

#

F5 "= !! $ !
! G ""

&
# % !

"

'
!

"
G !

!!

@!! % !!B 5 "= !
! G ""

&
# % !

"

'
$ !! $ !

! G !

"
""

H5 "= !! G !

"
"" $ !!

!"#$%& I "--$+2%42&+ 23& 2,24- /%&7"2 %"+1 '! @!!B /,*+"+2"*# ,= 23& "*+,-.&*/0
%"+1 4*7 23& "--"?$"7"20 %"+1;
<, &.4-$42& &> 4*2& /%&7"2 %"+15 J& J4*2 2, "7&*2"=0 23& &>9&/2",*+ ,=

23&+& &>9%&++",*+ 42 !# J3&* !! "+ $*"=,%6-0 7"+2%"8$2&7 4%,$*7 !#; K& J"--
4++$6& 4-- .4-$&+ ,= !! J3&%& 23& "*+,-.&*/0 %"+1 "+ +2%"/2-0 8&2J&&* H 4*7 F
4%& "*/-$7&7 "* 23& +$99,%2 ,= 23& 9%",% 7"+2%"8$2",* @"* 4 -42&% +&/2",*5 J&

F'

insolvency

risk

22

1* !" # 22

1* !" +
1"

0

1

!"#$%& '( )*+,-.&*/0 %"+1

)* 23"+ /4+&5 23& "*2&%"6 /%&7"2 %"+1 /4* 8& %&9%&+&*2&7 4+ "* :#$%& '; <3&
=,%64- &>9%&++",*+ 4%& /,%%&+9,*7"*# 2, &?$42",*+ @AB C @DB 48,.& 8&/,6&(

!"#! @!!B E

!
"

#

F5 "= !! $ !
! % !

"
""

!

"
G !

!!

@!! % !!B 5 "= !
! % !

"
"" $ !! $ !

! G !

"
""

H5 "= !! G !

"
"" $ !!

!!! E !! G ""

$
# %

F

A

%

!&&! @!!B E

!
"

#

H5 "= !! $ !
! % !

"
""

!

"
% !

!!

@!! % !!B 5 "= !
! % !

"
"" $ !! $ !

! G ""
&
# % !

"

'

H5 "= !! $ !
! G ""

&
# % !

"

'

'! @!!B E

!
"

#

F5 "= !! $ !
! G ""

&
# % !

"

'
!

"
G !

!!

@!! % !!B 5 "= !
! G ""

&
# % !

"

'
$ !! $ !

! G !

"
""

H5 "= !! G !

"
"" $ !!

!"#$%& I "--$+2%42&+ 23& 2,24- /%&7"2 %"+1 '! @!!B /,*+"+2"*# ,= 23& "*+,-.&*/0
%"+1 4*7 23& "--"?$"7"20 %"+1;
<, &.4-$42& &> 4*2& /%&7"2 %"+15 J& J4*2 2, "7&*2"=0 23& &>9&/2",*+ ,=

23&+& &>9%&++",*+ 42 !# J3&* !! "+ $*"=,%6-0 7"+2%"8$2&7 4%,$*7 !#; K& J"--
4++$6& 4-- .4-$&+ ,= !! J3&%& 23& "*+,-.&*/0 %"+1 "+ +2%"/2-0 8&2J&&* H 4*7 F
4%& "*/-$7&7 "* 23& +$99,%2 ,= 23& 9%",% 7"+2%"8$2",* @"* 4 -42&% +&/2",*5 J&

F'

Mere 
substitution ↑ ↓



Analytical Expressions for Interim C.R. (Cont.)

Interim ILL risk

Interim total C.R.

insolvency

risk

22

1* !" # 22

1* !" +
1"

0

1

!"#$%& '( )*+,-.&*/0 %"+1

)* 23"+ /4+&5 23& "*2&%"6 /%&7"2 %"+1 /4* 8& %&9%&+&*2&7 4+ "* :#$%& '; <3&
=,%64- &>9%&++",*+ 4%& /,%%&+9,*7"*# 2, &?$42",*+ @AB C @DB 48,.& 8&/,6&(

!"#! @!!B E

!
"

#

F5 "= !! $ !
! % !

"
""

!

"
G !

!!

@!! % !!B 5 "= !
! % !

"
"" $ !! $ !

! G !

"
""

H5 "= !! G !

"
"" $ !!

!!! E !! G ""

$
# %

F

A

%

!&&! @!!B E

!
"

#

H5 "= !! $ !
! % !

"
""

!

"
% !

!!

@!! % !!B 5 "= !
! % !

"
"" $ !! $ !

! G ""
&
# % !

"

'

H5 "= !! $ !
! G ""

&
# % !

"

'

'! @!!B E

!
"

#

F5 "= !! $ !
! G ""

&
# % !

"

'
!

"
G !

!!

@!! % !!B 5 "= !
! G ""

&
# % !

"

'
$ !! $ !

! G !

"
""

H5 "= !! G !

"
"" $ !!

!"#$%& I "--$+2%42&+ 23& 2,24- /%&7"2 %"+1 '! @!!B /,*+"+2"*# ,= 23& "*+,-.&*/0
%"+1 4*7 23& "--"?$"7"20 %"+1;
<, &.4-$42& &> 4*2& /%&7"2 %"+15 J& J4*2 2, "7&*2"=0 23& &>9&/2",*+ ,=

23&+& &>9%&++",*+ 42 !# J3&* !! "+ $*"=,%6-0 7"+2%"8$2&7 4%,$*7 !#; K& J"--
4++$6& 4-- .4-$&+ ,= !! J3&%& 23& "*+,-.&*/0 %"+1 "+ +2%"/2-0 8&2J&&* H 4*7 F
4%& "*/-$7&7 "* 23& +$99,%2 ,= 23& 9%",% 7"+2%"8$2",* @"* 4 -42&% +&/2",*5 J&

F'

insolvency

risk

22

1* !" # 22

1* !" +
1"

0

1

!"#$%& '( )*+,-.&*/0 %"+1

)* 23"+ /4+&5 23& "*2&%"6 /%&7"2 %"+1 /4* 8& %&9%&+&*2&7 4+ "* :#$%& '; <3&
=,%64- &>9%&++",*+ 4%& /,%%&+9,*7"*# 2, &?$42",*+ @AB C @DB 48,.& 8&/,6&(

!"#! @!!B E

!
"

#

F5 "= !! $ !
! % !

"
""

!

"
G !

!!

@!! % !!B 5 "= !
! % !

"
"" $ !! $ !

! G !

"
""

H5 "= !! G !

"
"" $ !!

!!! E !! G ""

$
# %

F

A

%

!&&! @!!B E

!
"

#

H5 "= !! $ !
! % !

"
""

!

"
% !

!!

@!! % !!B 5 "= !
! % !

"
"" $ !! $ !

! G ""
&
# % !

"

'

H5 "= !! $ !
! G ""

&
# % !

"

'

'! @!!B E

!
"

#

F5 "= !! $ !
! G ""

&
# % !

"

'
!

"
G !

!!

@!! % !!B 5 "= !
! G ""

&
# % !

"

'
$ !! $ !

! G !

"
""

H5 "= !! G !

"
"" $ !!

!"#$%& I "--$+2%42&+ 23& 2,24- /%&7"2 %"+1 '! @!!B /,*+"+2"*# ,= 23& "*+,-.&*/0
%"+1 4*7 23& "--"?$"7"20 %"+1;
<, &.4-$42& &> 4*2& /%&7"2 %"+15 J& J4*2 2, "7&*2"=0 23& &>9&/2",*+ ,=

23&+& &>9%&++",*+ 42 !# J3&* !! "+ $*"=,%6-0 7"+2%"8$2&7 4%,$*7 !#; K& J"--
4++$6& 4-- .4-$&+ ,= !! J3&%& 23& "*+,-.&*/0 %"+1 "+ +2%"/2-0 8&2J&&* H 4*7 F
4%& "*/-$7&7 "* 23& +$99,%2 ,= 23& 9%",% 7"+2%"8$2",* @"* 4 -42&% +&/2",*5 J&

F'

Mere 
substitution ↑ ↓



Analytical Expressions for Interim C.R. (Cont.)

insolvency

risk

22

1* !" #
1"

0

1

( )
2

1

2

*

**

#+= q!"
"

q#1

illiquidity

risk

!"#$%& '( )*+,- .%&/"+ 0"12

&3,4"5& +6& 7,1& 86&%& +6"1 7*5/"+"*5 /*&1 5*+ 6*-/9: !*% 5*8; 8& ,11$4&
+6,+ +6& &3 ,5+& 5*"1& "1 1$<7"&5+-= 6"#6 >!! ! !"9 ,5/ +6,+ "# "1 5*+ +**
&3+%&4&; ":&:;

"# "

!
"! #

?

@
>!! # !"9 # "

! A
?

@
>!! # !"9

"
:

)6& &3 ,5+& "51*-B&57= %"12 "1 +6&5

$%&# >"#9 C

!

"#

!$"
!

"

$%&! >"# A !!$9

C
?

!!

!
"! #

$
"# #

?

@
!!

%"

C
?

@
A
"! # "#

!!

?'

!"##$%& '()' *+%'&), $- #&.-&/'01 $2%&.3*+4 !!5 &)/( %($.' ."+ /.&,*'$.
$2%&.3&, *' 6*'( ) %7)00 )7$"+' $- +$*%&8 9&' " 2& '(& #.$#$.'*$+ $- %($.':
'&.7 /.&,*'$.% 6($ ,$ +$' .$00 $3&. '(&*. ,&2'8 ;& )##&)0 '$ '(& %')+,).,
.&%"0' -$. 40$2)0 4)7&% '()'5 *+ '(& 0*7*'*+4 /)%& )% +$*%& 4$&% '$ <&.$5 )+,
/$+,*'*$+)0 $+ 2&*+4 )' '(& %6*'/(*+4 #$*+' 2&'6&&+ .$00*+4 $3&. )+, +$'
.$00*+4 $3&. %($.':'&.7 ,&2'5 '(& ,&+%*'1 $3&. " *% '(& "+*-$.7 ,&+%*'1 $3&.
=># ?@8" A(& *+,*B&.&+/& /$+,*'*$+ 6(&.& '(& #)1$B% '$ .$00*+4 $3&. )+, +$'
.$00*+4 ).& %&' &C")0 &)/( $'(&. ,&'&.7*+&% '(& !"# $%&#' !!! $- !8 A("% '(&
*+,*B&.&+/& /$+,*'*$+ *%

$!

%

!
?! &#

!
!! ! !!!

'#

""
(! D (

!

$.5 .&/)00*+4 '()' ) D "!!

"!#
! 5 6& ()3& '(& -$00$6*+4 .&0)'*$+%(*# '()' '*&% '(&

."+ #$*+' !!! )+, '(& %$03&+/1 #$*+' !!8

!!! D !! ! '#&
"!

#
E?! )F EGF

A(*% &C")'*$+ 4*3&% )+ *+'&.#.&')'*$+ '$ )8 A(& /$+,*'*$+ %')'&% '()' ) ."+
6*00 $//". 6(&+&3&. '(& *+'&.*7 #.$2)2*0*'1 $- *+%$03&+/1 &H/&&,% )8 I$. '(*%
.&)%$+5 6& 6*00 0)2&0 ) '(& &((&)"&*&'+ &#*,-8 J$6 '(& *+'&.*7 *00*C"*,*'1 .*%K
E'(& #.$2)2*0*'1 '()' '(& 2)+K 6*00 -)*0 2&/)"%& $- ) ."+5 6(&+ *' 6$"0, +$'
()3& 2&&+ *+%$03&+' *+ '(& )2%&+/& $- ) ."+F *%

"##! E!!F D

#
?! &#

$
$
!
"$!

%"

%
5 *- ! $ !!!

>5 *- ! * !!!
ELF

A$')0 *+'&.*7 /.&,*' .*%K *% %! E!!F D "&'! E!!F M "##! E!!F5 %$ '()'

%! E!!F D

#
?5 *- ! $ !!!

&#

$
$
!
"$!

%"

%
5 *- ! * !!!

ENF

!"# $%&'' (')*+&'* ,- ./ 012' 3&'452 65*7

;& ).& *+'&.&%'&, *+ *,&+'*-1*+4 '(& &H )+'& /.&,*' .*%K5 *8&85 #.$2)2*0*'1 $-
,&-)"0'5 -$. ) ($0,&. $- 0$+4:'&.7 ,&2' 6(&+ 3*&6&, -.$7 '(& *+*'*)0 ,)'&8

!!"" #$%%&' ()* !+&) ,-../01 2) 3+&' 4(4"%5 6" 3(7" 3+&' %"'893 (' :&;")1 2) 3+"
(44")*&<5 6" =%&">? *"'@%&=" +$6 :9$=(9 :(A" 3"@+)&B8"' (99$6 8' 3$ 4%$;&*" A&@%$C
D$8)*(3&$)' D$% 3+" E(49(@&() (''8A43&$)1

??



Analytical Expressions for Ex Ante C.R.

Assumption 1: High ex ante noise (              )

Assumption 2: Mild      (                                                    )
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Ex ante ILS risk

Ex ante ILL risk

Assumptions for Simplicity: Assume that all values of θ1 where the insolvency risk
is strictly between 0 and 1 are included in the support of the prior distribution: [1]
the ex ante noise is sufficiently high (σ1 > σ2) and that [2] θ0 is not too extreme, i.e.,

θ0 ∈
[

θ∗ − 1
2
(σ1 − σ2), θ∗ +

1
2
(σ1 − σ2)

]

Closed Forms of Ex Ante Variables:

INS0(θ0) =
∫ 1

2

− 1
2

INS1(θ0 + σ1ε) f1(ε)dε

=
∫ θ∗+ 1

2 σ2

θ∗− 1
2 σ2

[
1
2

+
1
σ2

(θ∗ − θ1)

]
1
σ1

dθ1 +
∫ θ∗+ 1

2 σ2

θ0− 1
2 σ1

1
σ1

dθ1

=
1
σ1

[(
1
2

+
θ∗

σ2

)
σ2 − θ∗ + θ∗ − θ0 +

1
2

σ1

]

=
1
2

+
θ∗ − θ0

σ1

ILL0(θ0) =
∫ 1

2

− 1
2

ILL1(θ0 + σ1ε) f1(ε)dε

=
∫ θ∗+σ2(q− 1

2 )

θ∗− 1
2 σ2

[
1
2
− 1

σ2
(θ∗ − θ1)

]
1
σ1

dθ1

=
1
σ1

(
1
2
− θ∗

σ2

)
σ2q +

1
2σ1σ2

[(
θ∗ + σ2

(
q − 1

2

))2

−
(

θ∗ − 1
2

σ2

)2]

=
σ2

2σ1
q2

(9)
C0(θ0) = INS0(θ0) + ILL0(θ0)

=
1
2

+
θ∗ − θ0

σ1
+

σ2

2σ1
q2

Intuition under the Formula: The illiquidity risk rises as [1] the illiquidity index q
gets higher, and as [2] the relative size of σ2 to σ1 gets larger. Note that q is large when
the face value of the short run debt is high, the outside opportunity is attractive,
and the liquidation value of the asset is small. The relative size of σ2 to σ1 can be
interpreted as the measure of maturity of the debt.

3.1 Balance Sheet Comparative Statistics

The Effect of Solvency and Liquidity on the Credit Risk: In the component of
C0(θ0), θ∗ represents the difficulty of being solvent and q does the illiquidity. Differ-
entiating C0 with respect to these variables gives us

σ1
∂C0

∂θ∗
= 1

σ1
∂C0

∂q
= σ2q

6
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Ex ante total C.R.
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Interpretation

・Illiquidity as a source of total C.R. (                    )

・Great interim uncertainty as a source (                         )  

EFFICIENT RESOURCE ALLOCATION ON THE BASIS OF

PRIORITIES: COMMENT

YUSUKE NARITA*1

1. INTRODUCTION

q ↑⇒ C0(θ0) ↑
Many economic institutions allocate resources to agents by nonmarket mechanisms

on the basis of agents’ fixed priorities for resources. For such one-to-many two-sided

matching markets, the seminal work by Ergin (2002) gives a necessary and sufficient

condition under which they can allocate resources on such basis (i) Pareto efficiently for

agents, (ii) without creating incentives for strategic manipulation, and (iii) consistently

across different groups of agents and resource levels. According to Theorem 1, the main

theorem, in that paper an allocation satisfying the conditions (i), (ii), and (iii) is possible

if and only if a priority structure for resources is acyclical, i.e., it never gives rise to

situations where an agent can block a potential settlement between any two other agents

without changing his own position. A crucial step of the proof of the theorem, however,
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W.r.t. solvency

W.r.t. liquidity

Interpretation

・When     or q is large, improving liquidity may be   

    more effective than increasing solvency to reduce C.R..
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Notation

: Total value of equity at date 0

: Measure of variability of assets

: Gross expected rate of return of asset i

Comparative statics w.r.t. liquidity



BS Comparative Statics: Liquid vs Safe Asset

Let i=0 be cash category, i.e.,                                &         .

Let i=k be a riskless but completely illiquid asset category, 
i.e.,            &           .
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EFFICIENT RESOURCE ALLOCATION ON THE BASIS OF

PRIORITIES: COMMENT

YUSUKE NARITA*1

1. INTRODUCTION

α0 = 1, β0 = 0(⇒ r0 = 1), and λ0 = 1

rk = R and λk = 0

Many economic institutions allocate resources to agents by nonmarket mechanisms

on the basis of agents’ fixed priorities for resources. For such one-to-many two-sided

matching markets, the seminal work by Ergin (2002) gives a necessary and sufficient

condition under which they can allocate resources on such basis (i) Pareto efficiently for

agents, (ii) without creating incentives for strategic manipulation, and (iii) consistently

across different groups of agents and resource levels. According to Theorem 1, the main

theorem, in that paper an allocation satisfying the conditions (i), (ii), and (iii) is possible

if and only if a priority structure for resources is acyclical, i.e., it never gives rise to

situations where an agent can block a potential settlement between any two other agents

without changing his own position. A crucial step of the proof of the theorem, however,

needs two corrections. In this note, we provide two counterexamples to Ergin’s original

proof and then show that the theorem holds as it is by providing an alternative proof

which accommodates these counterexamples.

2. NOTATION AND DEFINITIONS

Let A be a set of types of goods and N be a set of agents. q := (qa)a∈A stands for a

vector of quotas where for each a ∈ A, qa ≥ 1 denotes the number of available goods of

type a. A priority structure is a profile of linear order over agents $:= ($a)a∈A where

for each a ∈ A, $a ranks agents with respect to their priority for a. For each a ∈ A and

i ∈ N , let Ua(i) := {j ∈ N | j $a i}.
Distinct a, b ∈ A and i, j, k ∈ N constitute a cycle if

(C) Cycle condition: i %a j %a k %b i.

(S) Scarcity condition: There are (possibly empty) disjoint sets of agents Na, Nb ⊂

*1 Graduate School of Economics, University of Tokyo and VCASI. I am very grateful to Michihiro Kandori and Fuhito

Kojima for encouragement and guidance. I also thank Haluk Ergin, Yusuke Kasuya, Akihiko Matsui and Hitoshi

Matsushima for comments.
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The multiplier of cash is
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When         is large,
liquid asset is more 

important than safe asset.
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Policy Implication

The results of this paper give support to...

・A cash holding requirement for banks 

・Requirement for the record of ultra-short term liabilities 

However, it is still unclear how INS risk & ILL risk interact.



Discussion

To evaluate the impact of “new approach” on total welfare...

・Cost of policy implementation 

must be built in the model. 

・Bank’s optimization behavior   

・Some welfare criterion 


