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Abstract

Standard Models of Bank runs are notorious not only for featuring Nash Equi-
libria (i.e. for given set of fundamentals, a bank can close or stay open depending
upon strategic interactions among depositors) but also for lacking a satisfactory
way of choosing among equilibrium outcomes or assigning a probability distrib-
ution to these outcomes. As a consequence it is not possible to study the rela-
tionship between fundamentals and bank failure nor the effect prudential policies
have on the latter.

We develop a Diamond-Dybvig style model with stochastic bank fundamen-
tals (bank asset returns) which depositors observe imperfectly. Using iterated
dominance arguments a l4 Carlsson and van Damme (1993), we find a unique
equilibrium over the space of fundamentals. In particular we are able to partition
the set of fundamentals into two connected subsets: for fundamentals in the first
set the bank always closes and for fundamentals in the second set it always stays
open. Hence, for any given stochastic distribution of bank fundamentals we can
calculate a probability distribution over the different equilibrium outcomes.

This model unifies two strands of the bank run literature. Here both liquidity
demand and asset returns pay explicit roles in determining whether a bank is run
or not. Thus, we can show, as historical experience has suggested, that banks
are more likely to close in periods of higher perfectly anticipated demands for
liquidity. We also find that reserve requirements have ambiguous results that
depend on the underlying probability distribution of portfolio returns. A version
of capital requirements can reduce the probability of bank closings even though,
in this model, banks fail primarily for liquidity reasons.



1. Introduction

Since its publication, Diamond and Dybvig (1983) and the host of variants that
it generated have served as the principal models of bank runs. These models have
had the virtue of being simple: three periods, a one period storage technology,
and a two period investment technology that forces one to take a loss if liquidated
after only one period. Individuals are of two types (but they don’t know which
type they are in period zero) and one type will need to withdraw their funds from
the bank in period one while the rest can wait until period two (but they do not
need to). A mutual bank can offer returns that improve individual welfare by
aggregating the storage problem for those who will need to withdraw in period
one and remove the necessity to liquidate ongoing investment projects. However,
the model has two Nash equilibria. In one, long term projects go to term and
the promised payouts are made. In the second equilibria, individuals believe that
others, who do not need to withdraw their funds from the bank, will do so and
sufficiently reduce the payouts in period two so that they will also withdraw their
funds from the bank. The second Nash equilibria is the bank run equilibrium and
a variety of policies have been proposed to prevent it.

The main difficulty with the Diamond-Dybvig model for a policy maker is
that it offers no hints as to when or how the bank run equilibrium will occur.
Any bank can be run or not, simply if individuals decide that others will run the
bank. This situation is sometimes referred to as a sunspot equilibria although
exactly what is the sunspot that individuals are using is left unknown. Chari
and Jagannathan (1988) have developed a model in which the ’sunspot’ is the
withdrawals by type one individuals who type twos cannot identify as type ones
and interpret as running the bank.

Substantial empirical evidence suggests that bank runs are not sunspot events
or at least that the choice of which banks are run is not a sunspot event. Calomiris
and Gorton (1991). Calomiris and Mason (1997) review the Chicago Banking
Panic of 1932 and argue that only the weakest (i.e., insolvent) banks were run. A
Central Bank study ( D’Amato, Grubisic and Powell (1997)) of the 1995 Tequila
crisis suggests that it was the weakest banks that were run and closed (although
there is some evidence to suggest that bank size was also important, independent
of the condition of the bank and that small banks were run disproportionately).

Here we develop a model in which banks are run or not because of the realized
and expected returns that they are receiving on their portfolio. Banks with high
realized and expected returns are never run while those with low realized and



expected returns are. We try to keep our model as close as possible to the classic
model of Diamond-Dybvig. The two important changes are in the addition of
random portfolio returns and in the noisy signal that depositors receive about the
returns that their bank is getting. The noisy signal that the depositors receive is
crucial to the results, without it we cannot get a single line dividing the returns
space into a region where banks are run and one where they are not. However,
this noise does not need to be large and such an assumption seems to us to be
very realistic.

The solution strategy is that of a game with iterated dominance. A basic
reference for models with iterated dominance is Carlsson and Damme (1993) and
an example of how this kind of model has been used with respect to runs on a
currency is in Morris and Shin (1998). We begin with two regions of returns:
in one the optimal strategy of a depositor will be to always run, independent
of what the other depositors and in the other her optimal strategy will be to
never run, independent of what the others are doing. Given that individuals who
receive signals inside these regions have determined strategies, we can determine
the optimal strategy for individuals who receive signals just outside these regions.
It turns out that they have dominant optimal strategies. The always run and
never run regions expand until they meet at a single boundary. We calculate that
boundary for risk neutral depositors.

Section 2 describes the model for the simple case where there are no Diamond-
Dybvig type ones. Section 3 gives a heuristic explanation of the iterative dom-
inance result and shows the calculated boundary. Section 4 relates the strategy
boundary to the regions of returns under which banks close or do not. Section 5
introduces Diamond-Dybvig type ones and considers reserve requirements. Sec-
tion 6 considers a type of capital requirement. We end with some comments on
work yet to be done.

2. Basic Model

2.1. Setup

There are three periods in this economy. In period 0, each of a continuous mass
of measure 1 of individuals deposit 1 unit of goods in a bank. The bank is mutual
and offers to pay r4 in period 1, where r4 > 1, or equal shares of the returns on
the investment in period 2. The first period interest rate offered by the bank is
determined by a market and is outside the control of the bank. Individuals are



Figure 2.1: Space of possible returns

risk neutral and receive a utility of ¢; + co where ¢; is their consumption (equal
to withdrawals from the bank) in period 4. Individuals are free to withdraw their
deposits in either period 1 or 2. The bank invests the deposits in a portfolio
which, when viewed from period 0, generates an expected return less than 7,4
in period 1 and more than r;% in period 2. The full set of possible net returns
Q= Q; x Qo = {ry,re} is an closed rectangular subset of R? and is bounded
by {r1,1} below and by {77,732} above. It is assumed that 0 < r; < 1, and that
1 > rg, 2r; > rq and 75 > rq. The density function of these returns is continuous
and nowhere zero on ).

In period 1, both r and ry are realized: call this 7 = {r;,r7}. However,
while 75 is observed perfectly, 77 is observed with noise. Specifically, depositor i
does not observe 7; directly but observes an independent signal s{which is distrib-
uted uniformly around a 2e interval centered on 7y (i.e. s% € [F; —e,71 + €] and
cov (s’i, 3{) = 0 for ¢ # j). Based on the observed value of period 2 return and
the signal of period 1 return, each depositor decides in period 1 either to attempt
to withdraw 74 or to wait until period 2 and receive their share of what remains
of the bank.



The box in Figure 2.1 shows the space €2 of possible returns. The shaded
area, B, we call the Diamond-Dybvig area, since it contains the returns that
correspond to those in their classic paper. The curved line is the set of {ry,r}
where (r1)(ry) = r4. For any signal, s!, that is inside area A , the expected
returns in period 2 will be less than r; and individual ¢ will want to withdraw
her deposit even if she believes that no one else will withdraw theirs. Therefore,
for any signal pair 7 = (1) more than ¢ inside this area, everyone will always
attempt to withdraw their deposits in period 1.! Let g(r) represent the fraction
of individuals who will withdraw deposits at realization r, then for realizations
more than ¢ inside area A, g(r) = 1. If the signal s’ is inside area C, then the
expected return in period 2 will always be more than r, and individual ¢ will leave
her deposits in the bank even if she believes that everyone else will withdraw
theirs.? For any realization of 7 more than ¢ inside area C, no one will withdraw
their deposits in period 1 and for realizations in that region, g(r) = 0. For any
other signals, including those in the Diamond-Dybvig area, a depositor’s optimal
strategy will depend on her expectation of the strategies of all the other depositors.

Let ¢(s1,72) be the proportion of the depositors who observe the pair (sq,r2) which
run the bank in period 1. Here, ¢(s1,72) is best considered the strategy of an in-
dividual who observes (s1,72) and has a value of 1 when the individual runs the
bank and 0 when she does not and a fractional value if the individual chooses a
mixed strategy. Let g(r, ¢) be the portion of depositors who end up withdrawing
their funds in period 1 when the realized return is r. Since the signal s; is uni-
formly distributed inside a 2¢ interval centered around ry, which we will denote
s,

1

g(r, @) = %

/5 o(s1,12)ds.

where r = (r1,72) . A bank closes when it cannot meet the demands of the depos-
itors in period one. This occurs when the fraction of depositors who withdraw is
bigger than «(r), where

a(r) = -

Given the strategies ¢(s), the bank closes for realizations in the set A(y) C €,

I'With a realization within ¢ of the boundry of A, some individuals will get signals outside of
A and these might choose not to run the bank.

2For signals inside C, individuals will never run since, with r > 1, expected returns from
not running so are always better than for running. When r; > r4, the more that run, the more
there is for those who don’t run.



where
Alp) ={rlg(r,p) = a(r) }.

The payoft of the depositors depend on whether they run the bank or not and
whether the bank closes or not. The expected payoff from running the bank when
the realization is r and when fraction of other depositors running is ¢(s) is equal

to
ho(r, ) = { rq when r ¢ A(p)

5 when r € A(p)

Note that 1 /¢ is the expected return from attempting to withdraw your deposits.
FEach individual who withdraws gets r4, but it may be the case that not everyone
attempting to withdraw gets something. This is a result of the assumption of
sequential servicing of depositors. Those late in the line might get nothing.

With the same realization and strategy set, the payoff for keeping ones deposits
in the bank (not running the bank) is equal to

w(m) when r ¢ A(p)

hnr ) = L=elr)
(r.¢) { 0 when 7 € A(p)

Those who did not attempt to withdraw when the bank closed get nothing.
For an individual who gets a signal s, the expected net payoft for running the
bank instead of staying is

1

u(s,9) = o5 [ e 9) = hurlr, )] dry

1 T1
= —/ d?“l
2e JssnA(p) o(r)
1 r1—1rq-@(r)
el _ A e FVT d
+2€ /siﬂA(go) (Td 1—(r) 2] 4n

where s7 is an interval of length 2¢ centered on s; and A(y) is the compliment of
A(p) on €.

2.2. Equilibrium in Threshold Strategies

Denote by ¢*(s1,72,¢) the optimal strategy for individual who receives a signal
s1 when the realization of period 2 return is 7, and the aggregate strategy is given
by ¢. Then,

1 when u(sy,re, ) >0

©*(s1,72, ) :{

0 when u(sy,72,0) <0

5



We will restrict our search of Nash equilibria (/VE) to the set of symmetric strate-
gies. Consequently, a symmetric N E must satisfy:

90(81,7”2) 290*(81,7“2,90)

We will further restrict ourselves to “threshold” strategies. By a threshold
strategy we mean that a depositor will run the bank if and only if the signal s;
he observes is below some (unique) threshold which is a function of 5.

Definition 2.1 (Threshold Strategy). Given some function f : Q1 — Qs a
(symmetric) threshold strategy has the form:

0 when 51 > f (r3)
1 when 5, < f (rq)

@r(51,72) :{

We will denote the function f in the definition of the threshold strategy as the
“threshold” function.
An important feature of threshold strategies is that:

Proposition 2.2. When e — 0, there exists a unique equilibrium among the class
of (symmetric) threshold strategies. Moreover, the implied threshold function is
continuously differentiable and decreasing.

Proof. First, notice that a necessary condition for an equilibrium in threshold
strategies to exists is that when the realization of period 2 return is given by 75 a
depositor who observes a signal §; = f (r2) must be indifferent between running
or not. With some abuse of notation, we can write this as u ( f(re),re, gof) = 0.
Consequently, the equilibrium will be unique if there is a unique function f which
satisfies the former condition.

Given any threshold strategy, the fraction the fraction of depositors who end
up withdrawing their funds in period 1 when the realized return is r is given by:

1 if Tléf(TQ)—E
9(7">90f) = ﬂT—QF if f(?”g)—8<7”1 <f(7”2)+6
0 lf lef(’l“z)—f—&f

Given ¢, the bank will close for realizations of = (71, 72) which satisfy g(r, ;) =
KQF > :—; which implies that:

ry < rg-

Apy) = {r €N

Td+2€



Consequently,

f(ro)+e
Td: rq+2e Tl

fro)—e  f(ra) —rmi+e¢

u(f (Tg),rg,gof) dr,

1 [flr2)te ry — g Lrtemn
+2_/ f(ro)te d— ﬂﬂﬁ * T2 d?"l
9 Ta T A e 1— 5
— [f (TQ) — E] — Tg[f (’[“2) + 5]
g+ 2¢e ry+ 2
+ +e)ln | —————1| + +e— | (91
e [f(m) +J e S [rd e ﬁ})

It can be shown that, for a given ry, u ( f(re),re, f>is strictly decreasing in f (r2)

so that for any ro there is a unique number f (ry) which satisfies u ( f(ra),re, f) =
0. Moreover, setting the right hand side of (2.1) equal to 0 we can solve explicitly
for the inverse of f (rq) :

[s1 — ] + (51 + ) In [2£X]

B1+¢e] = [ra+e— 5] |2

ro=m(s1) = f71 (s1) =

Moreover, letting € be small, we get that

s11n {1 + In (%—d)}
m(s1) = -
81—[7“d—81]1n|: d~}

and
df (ra) _ [dm (31)]_1 _ r (1 —In {%D <0
dry ds —l+4ry |1+ 2In[1— 2]

which implies that the f is continuously differentiable and decreasing.
Finally, to show uniqueness, notice that applying Leibnitz’ rule,

du (sl,rg,gof)

d81 :—(81—€)+Td—(81+€)'7“2

so that:

. du (81, T, gof)

am s, :Td—T1(1+T2)<Td—2T1<0
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Figure 2.2: Calculated fixed points for rd=1.05

since 2r; > r4. This means that the proposed threshold strategy is indeed an
equilibrium because it is optimal to run iff s; < f(ry). W

Figure 2.2 shows the calculated results for an economy with r; = 1.05. Regions
B and B* are the Diamond-Dybvig regions. If the realized returns are in region
B, the bank will be run. If the realized returns are in region B*, the bank will
not be run.

2.3. Unique Equilibrium: Iterative Dominance

We argue that the function f is the unique N FE of the game even if do not restrict
ourselves to threshold strategies. The fact that individuals receive a noisy signal
about the realized returns is important in generating this result. We know that
when they get signals in region A, everyone’s best strategy is to run the bank. For
signals in region C it is everyone’s best strategy not to run the bank. Beginning
with this knowledge, we can find out what individuals who receive a signal inside
region B will do. We begin with an individual who receives a signal in region B
but close to the frontier with region C'. Figure 2.3 shows one such signal s;.

An individual receiving this signal believes that realization is uniformly distrib-
uted an interval of 2¢ centered around point s; and that the rest of the population
are receiving signals which are distributed symmetrically over an 4¢ interval cen-
tered around that point. As shown in the figure, this interval includes points
inside region C' (shaded grey). Individuals who receive those signals will never
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Figure 2.4: The 'no run’ boundary has advanced

run the bank, so completely independently of whatever strategy those in the white
portion of the circle choose to do, those in the grey part will not run.

Suppose that the individual at s believes that all the other individuals in the
white part of the circle will choose to run the bank® If s is close to the vertical
boundary between regions B and C, slightly more than 1/2 of the population will
run the bank. Since the observed r; is close to r4, the bank will have enough
resources so that it will be able to remain open and pay the individual at r a
return in period 2 greater than ry. Since r4 is the most one could get by running
the bank in period one, the individual at s; will not run the bank but will choose
to wait until period two and get the higher return

3In one sense, this is the worst case. If everyone in the white section chose not to run the
bank, then if the expected returns in period 2 were greater than r4, neither would the individual
at r.



One can apply the same reasoning to individuals who gets a signal between
s1 and the boundary of C. None of them will choose to run the bank.. Assuming
that the same thing happens at other points near C', the boundary indicating
which individuals will not run the bank moves out as the shaded line in Figure
2.4. The boundary moves out to the set of r’s for which u(r,,) = 0, where ¢,
is defined by the vertical line separating regions B and C'. The region of signals
where individuals will not run the bank has advanced into the B portion of the
returns space. Iterating on this process will move the boundary until u(r, ) =0
for a point 7 on the boundary when that same boundary is used to determine ¢.

In a similar fashion, one can advance from the boundary between regions A
and B, knowing that all individuals who receive signals inside A will run the bank
and assuming that those outside do not. This will move the run boundary further
into the B region. Iterating on this procedure eventually gives a boundary where
u(r, ) = 0 for a point r on the boundary when that same boundary is used to
determine ¢. There the boundary ceases to advance.

According to our argument, the two boundaries are in fact the same. The
iterative process moving up and to the right from the A region and that moving
down and to the left from the C' region terminate in the same function. Given the
strategy set determined by this common function, the points where u(r, p) = 0
all fall on the same function.

2.4. Bank Closure given the Equilibrium Strategy

Given the function shown in figure 2.2 that determines the individual strategies,
we need to determine under which realizations a bank will close in period one
because of a run and under which it will not. Recall that individuals are receiving
a signal about the realization of period 1 return that is an interval of length 2¢
centered around that realization. For realizations more than ¢ to the left of the
line in figure 2.2, everyone will receive signals to the left of the line and all will
follow the same strategy: they will all run the bank. For realizations in this region,
the bank will always close. For realizations more than ¢ to the right of the line in
figure 2.2, everyone will receive signals to the right of the line and all will follow
the same strategy: they will not run the bank. In the region +¢ of the line the
fraction who will run is determined by the fraction of the ball of radius ¢ that is
to the left of the line. The bank will close when this fraction exceeds a (1) = r1 /7y
which is the maximum amount of withdrawals the bank can attend.

Specifically, recall that given the equilibrium threshold strategy, the fraction

10



of people who run when the realization is r is given by:

1 if Tléf(TQ)—E
g(r, o) = ﬂT—QF if f(ry) —e<ri<f(r)+e
0 if lef(Tg)—f—?E

Since r; < rg,* the bank will close when:

f (’I“Q) + e — T1 ™
= > —
gl pp) = TS0 5 0
which occurs when:
ra (f (r2) +¢)
< 2L

o rq+ 2¢

3. With deterministic fraction of Type Ones

3.1. Setup

The standard Diamond-Dybvig model requires a fraction of the population to
encounter a surprise need for consumption in period one and for that reason need
to withdraw deposits. In fact, this need is the reason that banks exist. For
simplicity, we have not included type ones in the development of the current
version of the model. However, this does not pose any particular problem. If the
expected returns for the first period are less than one, a risk neutral bank will
choose to hold in storage (reserves) the amount of deposits required to meet the
(perfectly) expected payments to type ones. The model is written so as to permit
a reserve requirement in excess of the withdrawals of the type ones.

Suppose that there are two production technologies: one storage and the other
a long term project. Storage returns one unit of the good for every unit stored,
between periods 0 and 1 and between 1 and 2. The long term technology offers
a return of rq in period 1 and a return of ry7ry in period 2. Goods that were in
the storage technology between periods 0 and 1 cannot be put into the long term
technology from period 1 to 2. As before, the returns on the long term technology
are random and r = {ry,re} is realized in period 1.

A certain fraction of the depositors, @, are type ones and only get utility from
consuming in period one. Each type one will withdraw r4; from the banks so that
their net withdrawals will be 6-r,;. The other 1 — 6 depositors see ry perfectly and

*When 71 > 74, the bank never closes in the first period.

11



get a noisy signal for r;. The signals are uniformly and independently distributed
on an interval of length 2¢ centered on the realized r;. As before a unit mass of
depositors deposit one unit of good in the bank. The bank promises a return of
rq > 1 between each period.

If a bank puts ¢ of the deposits into storage, then it closes in period 1 if

b+ (1—=8)r <(1—=0)g(r,p)ra+0-rq

where ¢(r, ¢) is the fraction of the type two population who run the bank if the
realization is r and their strategies are . Define the set of realizations over which
the bank closes as:

A(QO): {7" 6+(1—(5)T1

rq

< (1—=0)p(r) + 6} :

If we restrict our search for threshold strategies,

f (7”2) +e—m
2e ’

and the boundary for the A region is equal to

Tl = 0)(f (r2) + ) + 2¢ (raf — 6)
b ra(1— ) + 2e(1 — 0) :

g(?“, QOf) =

If the bank doesn’t close in period 1, it will have resources equal to

B(r) = min 65— ((1=0)g(r,p)+0)-rq+ (1 —06)riry,
[0+ (1 =6)r1 = ((1 = 0)g(r,p) +0) - rd]re

in period 2. The first term is the amount of resources the bank will have in period 2
when ((1 — 0)g(r,p) + 0)-rq4 < 8, and the second term is when ((1 — 0)g(r, p) + 6)-
rq > 6. The division between these two sets occurs when

28((5 — 97"(1)

lef(TQ)—l—S—m.

Notice that if 6 < Ory, that implies that the storage is insufficient to cover the
number of type ones who will run for certain and that the first item in the 5(r)
equation will never occur. With 6 > 0ry, the rl given above is where the first
item in the B(r) equation is relevant. In what follows, we will assume that the
bank has sufficient reserves so that § > 0r,.

12



As before, the payoffs to a depositor depend on whether they run a bank
or not. The payoff for running a bank with realization r» and fraction of other
depositors running (1 — 0)p(r) + 6 is

rq when r ¢ A(p)

hr(r, 90) = { §+(1-6)r .
—(1_959(T7;)+9 when r € A(p)

The payoff from keeping ones deposits in the bank is

1=((1-0)g(r,p)+0) ’ 1=((1=0)g(r,p)+0)

hn'r‘ Y =
() 0 when r € A(p)

{min [5*((1*9)9(7‘#})+6’)Td+(1*5)rm [6+(1*6)nf((1*0)9(w)+0)w]m} when 7 ¢ A(p)
For a signal s, the expected net payoff for running the bank as opposed to
staying in is

1

u(s,9) = o= [ [he(rg) = hur(r )] dr (3.1

1 / 0 + (1 — (5)7"1 d
= — r

2e Jssnagp) (1 —0)g(r,p) + 6
6—((1-0)g(r,p)+0)rg+(1—6)r1rs

T—((1=0)g(r)+0 g
o (b (L a0yl | AT (3:2)
= (090 +0)

1
+—/ ___Trq—min
2¢e sTNA(p)

As in the previous model, one can find an equilibrium in threshold strategies.
In this case we have:

1 if Tlgf(TQ)—éf
g(r,er) = ﬂ% if f(ry) —e<r <f(r)+e
0 if 7“12f(7"2)—|-8

c . Td(l—9)(f(7“2)+6)+2€(97“d—5)
sinAley) = lf (r2) =&, ra(1—0) + 2 (1—0) ]

— le(l—9)(f(7“2)+8)+2€(97“d—5)
ra(1—0) +2¢(1—0)

,f(T2)+€]

Plugging into 3.2, solving the integrals explicitly for s; = f(ry) and setting it
equal to zero we can find the inverse of f (r3) :

o = fil (81) .

13
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Figure 3.1:

This function can be written out as

(1= 8) (51— &) + 27 In (5) — (ra — &) In (2=

)

)
2= rd— rg—
(1=8)(s1+2) = Gl (E=56) — (51— 2) (1= ) n (7755
where

D = (1-6)(s1(1=0)+e(1+0)+6(1-0),
F = rg(1-6)+2(1—-90), and
G = (rd—é—(sl—s)(l—é)).
Notice that 7o is defined only over the set of (s1,74,6,6) where the denominator

of the f~! function is positive. This occurs when 6 is not too big relative to § and
when s; is not too small relative to r,.

3.2. Some properties of this model

Figure 3.1 shows the strategy lines for four values of § when 6 = 0. The higher
is the quantity of depositors who will be type ones, the smaller the set of returns

14
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Figure 3.2: Strategy space for different reserves

over which the bank will not close. One can prove that as s; — r4 and € — 0,
ry — 1 for all values of 6§ € [0,1).

Figure 3.2 shows the strategy lines for four values of ¢ (reserves) when 6 = 0
(when there are no type ones). Increasing ¢ has two effects on the strategy line.
First, The value of the line at ro = 1 increases as d increases and is equal to
(rq—96)/(1—=46). Second, the slope of the line declines. The tradeoff between these
two effects determines if increasing d results in increasing the set of returns over
which the bank is not run. This set increases at higher r9, so the larger is 73,
the more likely is it that increased reserves will result in higher probability of the
bank staying open.

3.3. Results when reserves just cover type ones

Figure 3.3 shows the strategy line for three situations. The base line (0 t1, O rr)
has no type ones and is without a reserve requirement. The line parallel (.2 t1, .21
rr) has 20% type ones and reserves of 21% (to cover the promised r4 = 1.05 for the
20%). The third line (.4 t1, .42 rr) has 40% type ones and a reserve requirement
of 42% which is just sufficient to cover the promised r; = 1.05 for these type ones.
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Figure 3.3: Reserves just cover type ones

The value of the line at 7o = 1 increases as it did with the graph with reserves
but no type ones but the slope of the line stays approximately constant. The shift
out is equal to (rg — 6)/(1 = 6).

It is clear from the graph that when a perfectly anticipated fixed fraction will
need to withdraw in the first period, this reduces the set of returns over which
the remaining fraction of the population will not run the bank. This is because
the type ones increase the set of returns over which a bank will be unable to meet
any given amount of withdrawals of the type twos. A fraction 6 of type ones
require 6 - r4 of storage and since r; > 1, this reduces the amount that remains
in period zero that is invested for the type twos. Since this reduction is constant
and independent of the returns that result in period one, the higher returns are
required to keep banks from being run generate a parallel shift in the strategy
function.

3.4. Reserves in excess of those required to cover the type ones

Increasing the reserves beyond the k-7, required to cover the type ones is allocating
time one resources to cover the possible withdrawals by type twos. The strategy
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Figure 3.4: Effect of increased reserves

function is shown in Figure 3.4 by the line marked ‘.2 t1, .4 rr’, that is 20% of the
population is type ones and .4 units of the time zero good are allocated to storage
(reserves). These extra reserves have the effect of reducing the total returns to the
type twos (in period two) and increasing the set of returns over which the bank
is run in the regions where r; > 1 and ry is low (the region marked B), but it
reduces the set of returns over which the bank is run for regions where r; < 1 and
1o is relatively high (the region marked A). This is because the reserves increase
the period one resources of the bank for realizations of r; < 1 and decreases them
otherwise. The increase in resources changes the probability that the bank will
close for any fixed amount of type twos running the bank. The increased chance
of surviving the run in period one coupled with high expected returns in period
two moves the strategy function.

Whether a reserve requirement is a net gain for the economy or not (from at
time zero ex-ante point of view) depends on the underlying probability distribution
of the r’s (the {ry,72} pairs). If the probability of realization occurring in the
region marked ‘A’ in Figure 3.4 is greater than that in the region marked ‘B’,
then it is likely that imposing reserve requirements will increase expected welfare
as measured from period zero. Region ‘A’ is the area added to the no run region
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by the reserve requirement and ‘B’ is the area lost.

4. Capital and capital requirements

It is not entirely clear how one should introduce a capital requirement into a
Diamond-Dybvig mutual bank. In the standard setup, the mutual owners of the
bank who have not taken out their deposits in period one divide evenly among
themselves the period two gross returns. In the standard model, depositors are
also the owners and bare risk as to the second period returns.

We choose a way of introducing capital that recognizes this ownership role
of the depositors but preserves their right to run the bank in period one. The
bank can ‘borrow’ capital in period zero by offering a return in period two so that
the expected return is equal to the market rate of interest.” If a bank closes in
period one because it is run, the bank pays nothing to the investors. If it is not
run, the investors are paid in period two before the depositors. We understand
that this last assumption is not consistent with normal bank failure rules where
the depositors are paid before the owners. However, here there is no distinction
between owners and depositors.®

Here we consider a version of the models without type ones. Suppose that a
bank holds a quantity of capital equal to a fraction k of its deposits and puts all
deposits and capital into the investment project (so it is holding capital equal to
k/(1+ k) of its loans). It will close in the first period if

(14 E)r1 < g(r,¢)ra

where g(r, ¢) is the fraction of the population who run the bank when the real-
ization is r and the strategies are . Define the set where the bank closes as the
set of realizations

(1 + k)?"l

<
S q(r, ¢)

If the bank does not close in period one, it must first pay the investors k- r, where
rr is the interest rate that gives an expected value equal to the market rate for

®We are assuming a large,external market for capital with risk neutral investors.

6 A more attractive way of modelling this might be to make some minimum payout to the
depositors before the capital is paid off. Then whatever is left after capital is paid is a second
payment to the depositors/owners. For example, in period two, depositors might first get r2
before capital gets anything.
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risk free investments. If the bank does not close, the depositors receive
min (0, [(1+ k)ry — g(r,@)ralra — k- 1) .

If the bank does not have enough in the second period to pay off the investors,
the depositors receive nothing.

As before, the payoffs to a depositor depend on whether she runs the bank or
not and whether the bank closes or not. The payoff for running a bank with a
realization r and fraction of other depositors running equal to g(r, ¢) is

() = rq when r ¢ A(yp)
PP T LN Ghen e Ap)

g(r.p)

The payoffs from keeping ones deposits in the bank are
min {0, [(Hk)”_g(r’@)'rd]m_k'r’“} when r ¢ A(p)
Py (T’ QO) = .

1-g(rp)
0 when r € A(p)

For a signal s;, the expected net payoff from running a bank as opposed to
staying in are

1
u(s,9) = o= [ [l 9) — hurlr, 9)] dry
_ i/ (1+k)r1dr1
2¢ Jsina) g(r,¢)
R N (S S EU R PR
2e JssnA(y) 1—g(r,e)

Proceeding as in the previous sections we find the inverse of the unique threshold
function:

(f =€) (L+k) = (f +2) (L+ k) In (SLERLEDY 4 gy,

r2:f_1 =

ra+k=E—(f—e)(1+k)
(L4+E)(f4+e)+(ra(e = f) L+ k) +rare —i—kn“k)ln( : TR >

We calculate the fixed point strategy function for this economy when k£ = .2,
when r4 = 1.05, and when r, = 1.10. This and the strategy function for the same
economy without capital is shown in Figure 4.1. Region A is the increased no run
area and region B is the increased run area. Capital has a large effect in reducing
the run region and results in banks staying open under many realizations where
the bank would have closed without the capital. Whether capital increases the
expected returns for the depositors needs yet to be analyzed.
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Figure 4.1: Effect of capital requirements

5. Conclusions

We have developed a model of banks very similar to that of Diamond and Dybvig
in which noisy information about the condition of the bank results in equilibria
in which a bank run is determined by the returns on the bank’s portfolio. We
find that both reserve requirements and capital change (and can reduce) the set
of realizations over which banks can be run.

This model as it stands takes a number of variables as exogenous which might
be made endogenous. The interest rate offered to depositors who withdraw in
the first period is given outside the bank. Given a distribution over the set (2 of
returns, we should be able to calculate the deposit interest rate that maximizes
depositor period zero expected utility. Given the distribution of returns, there
might be an optimal amount of capital for the bank to take on or an optimal
amount of reserves to maximize depositor utility. Study of these problems is
projected.

We have not yet shown uniqueness of the fixed point strategy function although
for risk neutral depositors our calculations generate one function, independent of
our initial conditions. We are trying to determine the characteristics of the game
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that give this uniqueness.
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