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This paper  offers a  model  of intermediation in the Diamond-Dybvig tradition in 
which both fiat currency and  bank  deposits are present. The  behavior of the 
economy’s price level, deposit-currency ratio, and  money  supply is compared 
across equilibria in which bank  runs do  and  do  not occur. It is shown that the 
behavior of these variables in the presence and  absence of runs is consistent with 
that observed in the United States during the period from 1929  to 1933.  Journal of 
Economic Lirerature Classification Numbers:  E44, G21.  o IWI Academic PRESS, IK 

1. INTRODUCTION 

During the period from 1929  to 1933, more than 10,000 commercial 
banks in the United States failed, many of them after having exper ienced 
a  run. In their analysis of the macroeconomic effects of these bank fail- 
ures, Fr iedman and  Schwartz (1963) note that while the money  supply, 
the price level, bank deposits, and  the deposit-currency ratio all declined, 
the stock of h igh-powered money remained relatively unchanged.’ Cagan 
(1965) reports similar results in his study of the behavior of the U.S. 
money  supply and  its component  parts. 

* I thank two anonymous referees, an  editor of this journal, David Papell, Frederick 
Joutz, and  seminar participants at The  George Washington University, University of Vir- 
ginia, Federal  Reserve Bank of Dallas, and  the University of Houston for their many  useful 
comments.  As usual, none  of these individuals is responsible for any  remaining errors. 

’ Fr iedman and  Schwartz define these variables as  follows: money  supply, the sum of 
currency in circulation, demand  deposits, and  time deposits; the price level, the wholesale 
price index; bank  deposits, demand  plus time deposits; deposit-currency ratio, the ratio of 
bank  deposits to currency in circulation; h igh-powered money,  currency in circulation plus 
reserve deposits of commercial banks  held at Federal  Reserve Banks. 
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This paper provides an example of a general equilibrium model of inter- 
mediation whose equilibria are consistent with the Friedman-schwartz- 
Cagan (henceforth FSC) observations. These results are obtained using a 
version of the risk-sharing model developed by Bryant (1980) and Dia- 
mond and Dybvig (1983) which includes both fiat currency and bank de- 
posits. Furthermore, agents or intermediaries on their behalf hold both 
deposits and currency even though deposits dominate currency in rate of 
return, at least in the absence of bank runs.2 

In order that dominated currency be held, I impose a type of reserve 
requirement on fiat currency. Following Wallace (1984) and Miller and 
Wallace (198.5), I assume that the real value of each agent’s or intermedi- 
ary’s stock of fiat currency (henceforth referred to as real balances) must 
be at least a given percentage of the agent’s saving.3,4 A reserve require- 
ment of this type implies that currency will be demanded in all states of 
the world and that currency and deposits need not be perfect substitutes. 
This distinction permits an analysis of bank runs that includes both de- 
posits and currency, a necessary condition for a model of intermediation 
to confront the observations that FSC report. 

The form of the reserve requirement that I use is different from that 
found in Bryant (1980, Sect. 3). Whereas Bryant uses the term “reserve 
requirement” to refer to the currency that intermediaries freely choose to 
hold as part of their optimal portfolio, my reserve requirement is an 
exogenously imposed constraint. This way of modeling a reserve require- 
ment is designed to capture one of the roles that reserve requirements 
play in most economies, namely to provide a strictly positive demand for 
a particular type of government liability. One rationale for governments’ 
imposition of such a constraint is that it provides them with a steady 
(although limited) form of raising revenue. 

In contrast to the approach taken here, most models of intermediation 
in the risk-sharing tradition do not include fiat currency, just bank de- 
posits.5 Consequently they are unable to confront FSC’s observations. On 
the other hand, in models where currency is included, it typically earns 
the same return as do deposits, at least in the absence of bank runs.6 Since 
the absence of rate-of-return dominance implies that currency and de- 
posits are perfect substitutes, these models are also unable to confront 
FSC’s observations. 

* Both Hicks (1935) and Bryant and Wallace (1980) argue that rate-of-return dominance is 
a necessary feature of any model in which money and other assets exist simultaneously. 

3 In his discussion of “real balances” in The New Palgrave, Patinkin (1987) attributes to 
Keynes (1930, Vol. 1, p. 222) one of the earliest uses of this expression. 

4 As will be shown in footnote 9, this type of reserve requirement is equivalent to one 
where real balances are at least a given percentage of deposits. 

5 Examples include Diamond and Dybvig (1983), Bhattacharya and Gale (1987), Jacklin 
(1987), Freeman (1988), Smith (1988), and Engineer (1989). 

6 See, for example, Bryant (1980). 



244 MICHAEL B. LOEWY 

As in Diamond and Dybvig (1983) and Bhattacharya and Gale (1987), I 
assume that each agent lives for either two or three periods, and that this 
is private information that is not revealed to the agent until after he makes 
his saving decisions. I also assume, as they do, that there exists an invest- 
ment technology that yields a higher return when held from the first to the 
third period than when held from the first to the second. Consequently, an 
intermediary can make all agents better off by insuring them against the 
possibility that they live for only two periods rather than for three. 

Waldo (1985) offers an earlier example of an intermediation model de- 
signed to explain FSC’s observations about the consequences of bank 
runs. However, while both currency and deposits are also present in his 
model, his approach to modeling intermediation and the demand for 
money is different from mine. Waldo assumes that all agents live for three 
periods and that intermediaries do not engage in any risk sharing. Instead, 
intermediaries provide a means for savers to satisfy an unknown “liquid- 
ity assessment” by providing them indirect access to asset markets that 
they cannot otherwise access due to their inability to meet these markets’ 
fixed costs of entry. 

Turning to the question of currency, my assumption of a reserve re- 
quirement implies that agents hold currency in a world where bank runs 
are possible, as well as in one where they are not. This is not the case in 
Waldo, however. Instead, if bank runs are a possibility, then Waldo 
shows that currency can dominate deposits when a bank run occurs. 
Since there are no fixed costs to enter the market for currency and all 
savers are risk averse, currency will be a part of each saver’s portfolio. 
On the other hand, if bank runs can never occur, then agents do not hold 
any currency, since under Waldo’s assumptions deposits always domi- 
nate currency in such a world. This result would appear to make it diffi- 
cult to verify FSC’s observations about the behavior of the deposit-cur- 
rency ratio in the presence and absence of bank runs.7 No such difficulty 
arises here since the reserve requirement guarantees that currency is 
demanded in both states of the world. 

The next section describes the model. Section 3 first describes the 
nonoptimal competitive solution that occurs when no mechanism exists to 
insure agents against being only two-period lived, It also shows the opti- 
mal competitive solution that arises when risk sharing is possible. Section 
4 considers equilibria where bank runs do and do not occur. In particular, 
it shows how banks can provide optimal risk sharing when bank runs do 
not occur. Section 5 illustrates how these equilibria are consistent with 
FSC’s observations. The paper concludes in Section 6 with a brief sum- 
mary . 

7 Indeed, in his discussion of his model’s empirical implications, Waldo (1985, Sect. 5) 
does not mention the deposit-currency ratio. 
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2. THE MODEL 

Consider an overlapping generations economy where at each date t 2 1, 
a continuum of agents (taken to be of measure I) is born. Each agent born 
at time t is endowed with one unit of the economy’s lone consumption 
good during time t and no units at any other date. Following Diamond and 
Dybvig (1983), Bhattacharya and Gale (1987), Freeman (1988), and 
others, I assume that each generation is composed of two types of agents: 
a fraction A (0 < A < 1) who live for two periods (early diers) and a 
fraction 1 - A who live for three periods (late diers). Both early and late 
diers consume only during their final period of life. While A is assumed to 
be nonstochastic and public information, an agent’s type is private infor- 
mation that does not become revealed to the agent until his second period 
of life. 

Let Ci(t) be the time t + i, i = 1,2, consumption of an agent born at time 
t 2 1. Since an agent’s type determines when he consumes, it also deter- 
mines his utility. Thus, let each agent’s utility function be given by 
U[c,(t), c*(t), 151 = Ou[c,(t)] + (1 - 8)u[cz(t)], where 8 = 0 if the agent is a 
late dier and 13 = 1 if the agent is an early dier. 4.) is increasing, strictly 
concave, and twice continuously differentiable and satisfies -cu”(c)Iu’(c) 
> 1 everywhere. 

At t = 1 there also exist agents of generations -1 and 0 who are taken 
to be continua of measures 1 - A and 1, respectively. Since these agents 
are in either their second or their third period of life, their types are 
known to them. This implies that each such agent’s quantity of consump- 
tion fully characterizes his preferences. Hence, the utility function for 
each member of generation - 1 is given by c2( - 1). Similarly, the utility 
function for the fraction A of generation 0 who are early diers is given by 
cl(O) while that for the fraction 1 - A who are late diers is given by ~(0). 

The economy’s investment technology, storage, is assumed to be avail- 
able only to agents who are in their first period of life. Storage may be 
accessed either directly or indirectly through an intermediary. Time t 
storage, s(t), earns a gross rate of return of X > 1 per period. Storage that 
is not consumed after one period remains in place and hence earns a two- 
period return of X2. 

In addition to storage, there exists a second asset, namely fiat currency. 
I take the supply of fiat currency to be fixed at H > 0. Since both Federal 
Reserve Notes and reserve deposits are forms of fiat currency, this as- 
sumption corresponds to FSC’s observation that the stock of high-pow- 
ered money was relatively stable during the early 1930s. Unlike storage, 
which an agent can purchase only when he is young, currency can be 
purchased during any period of an agent’s life. This assumption repre- 
sents the idea that currency is more “liquid” than is storage and therefore 
can be acquired more readily. 
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Recall that at t = 1 the measure of agents of generations -1 and 0 
equals 2 - h.8 Assuming an equal per capita initial allocation of currency, 
it follows that at t = 1 the members of generation - 1 hold (1 - h)Hl(2 - 
A) units of currency while the members of generation 0 hold the remaining 
H/(2 - A) units. 

The reserve requirement takes the following form: Let p(t) be the time t 
value of currency in terms of time t good (the inverse of the time t price 
level) and h(t) be the stock of currency that a young agent acquires at time 
t. Then each young agent must allocate at least the amount /I E (0, 1) of 
his endowment to real balances, q(t) = p(t)h(t).9 Since the reserve re- 
quirement guarantees that currency is held every period, it follows that 
p(t) > 0 for all t 2 1. Therefore, both Z?,(t) = p(t + 1)/p(t), the one-period 
return on time t real balances, and R2(t) = p(t + 2)/p(t), the two-period 
return, are well defined for all t 2 1. Whereas the return to storage is 
exogenous, the returns to real balances are endogenous. In particular, 
they will depend upon whether a bank run occurs or not.1° 

3. EQUILIBRIA IN THE ABSENCE OF AN INTERMEDIARY 

Consider a competitive economy in which agents hold assets directly. 
Since all agents born at time t 2 1 make their saving decisions before they 
ascertain their type, each such agent maximizes expected utility, 
E(U[q(t), c2(f), 0]), conditional upon his knowledge of A. By the law of 
large numbers, A is the probability of being an early dier. Hence, each 
agent born at time t 2 1 solves the following problem: choose c,(t), c&), 
q(t), and s(t) to maximize hu[c,(t)] + (1 - A)U[c2(t)] subject to 

cl(t) = RIm7W + Wt), (14 

c2(t) = RzWq(t) + X2W, (lb) 

40) + s(t) = 1, (lc) 

q(t) 2 P. (14 

After substituting Eqs. (la)-( lc) into the utility function, the first-order 
conditions for this problem can be written as 

* More generally, this is true of generations t - 2 and t - 1 for all t 2 1. 
9 Since each agent’s unit of endowment is allocated between real balances and storage, the 

reserve requirement can also be expressed as q(t) 2 -ys(t), where y = p/(1 - p). This 
interpretation is especially useful once banks are introduced since it implies that they hold a 
given percentage of deposits (i.e., storage) as real balances. Note that y can exceed one 
because deposits do not represent each agent’s total saving. 

lo This is in contrast to Waldo (1985) in which the return to currency is exogenous. 
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h(X - R,(t))u; + (1 - A)(X2 - R*(I))& - p 5 0; 

j-41 - s(t) - PI = 0, 

= 0 if s(t) > 0, 

(24 

(2b) 

where u; = u’(ci(t)), u; = u’(cz(~)), and p 2 0 is a Lagrange multiplier for 
the reserve requirement, Eq. (Id). The solution to this problem deter- 
m ines a pair of asset demand functions, each of which is a function of A 
and relative rates of return. 

Turning to the members of generations - 1 and 0, because their type is 
known to them, each agent maximizes his consumption by inelastically 
supplying all of his currency during the period in which he consumes. For 
the members of generation - 1 and the early diers of generation 0, this is 
f = 1; for the late diers of generation 0, this is t = 2. Furthermore, due to 
the economy’s stationarity, at all dates t 2 2, the same is true of the 
earlier diers of generation t - 1 and the late diers of generation t - 2. 
Hence, at each date I 2 1, the supply of fiat currency equals H/(2 - A) 
where the early diers of generation t - 1 supply AH/(2 - A) and the late 
diers of generation t - 2 supply (1 - A)Hl(2 - A).” 

In a competitive equilibrium, at each date t 2 1, R,(t) and &(t) adjust 
to clear the market for real balances. Therefore, for all I 2 1, R,(t) and 
R*(t) must satisfy 

q(t) = p(t)H/(2 - A). (3) 

With both the supply of fiat currency and the population constant, Eq. (3) 
implies that R,(t) = R*(t) = 1 for all r 2 1. Therefore, storage dominates 
real balances in rate of return, and, by Eqs. (2a) and (2b), implies that the 
reserve requirement is binding. Thus, letting c:(t), c;(t), q*(t), and s*(t) 
be the solution to this problem, it follows that q*(t) = p, s*(t) = 1 - /3, 
c?(t) = p + X(1 - p), and c;(t) = p + X2(1 - p). As for the members of 
generations -1 and 0, a quick calculation for p(l) and p(2) shows that 
&(-I) = CT(O) = &O) = p. 

In contrast to the economy with private information, one can consider 
an alternative competitive economy in which the type of each member of 
generation t 2 1 becomes publicly observable at time t + 1. As in Dia- 
mond and Dybvig (1983), this permits the members of generation t to 
write insurance contracts that allow for (as of time t) the optimal sharing 
of real balances and storage between the two types of agents. At time t 2 

I1 The remaining quantity of currency, (1 - h)Hl(2 - A), is held by the late diers of 
generation t - 1. Since they do not consume at time t, they withhold their stock of currency 
from the market. 
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1, the optimal contract solves the following problem: 
q(t), and s(t) to maximize hu(c,(t)) + (1 - h)u(~(t)) 

AC1 (f) (1 - Ak2(r) 
R,(r)q(r) + Xs(r) + R2(r)q(r) + X2s(r) = l7 

4(r) + .W = 1, 
q(r) 2 p, 

choose c,(r), c2(r), 
subject to 

(4a) 

t4b) 

(4c) 

c2(r) 2 Rl(r + l)cl(r), (44 

where Eq. (4d) is a self-selection constraint on the part of late diers. 
Specifically, Eq. (4d) requires that late diers prefer to consume the quan- 
tity of consumption provided to them under the optimal contract than to 
acquire the optimal quantity of consumption provided to early diers and 
then convert it to real balances. 

Let p,(r) = R,(r)q(r) + Xs(r), the endogenously determined average 
one-period rate of return, and p2(r) = &(r)q(r) + X2s(r), the endoge- 
nously determined average two-period rate of return. Then, after substi- 
tuting Eq. (4b) into (4a), the first-order conditions for this problem can be 
written as 

Au; - +Apr(r)-r - vR,(r + 1) = 0, @a) 

(1 - A)u; - +(l - A)p2(r) + v = 0, (5b) 

4d~~d~htW2W - MN + (1 - Ak2(O~2tV2W2 - R2(Nl 5 P; 
= p if s(r) > 0, (5~) 

1-4 - .W - PI = 0, (54 

dc2tf) - &tf + Ocddl = 0, t5e) 

where 4, p, and v are nonnegative Lagrange multipliers for Eqs. (4a), 
(4c), and (4d). 

Let c:*(r), c:*(r), q**(r), and s**(r) be the solution to this problem. 
The assumption that agents in the public information economy behave 
competitively implies that Eq. (3) must hold at every date. Hence, it is 
again the case that R,(r) = R2(r) = 1 for all r 2 1, and, by Eqs. (5~) and 
(5d), that the reserve requirement is binding; q**(r) = /3 and s**(r) = 1 - 
/3. This in turn implies that if c;*(r) > c:*(r), then by Eqs. (5a), (5b), and 
(5e), c:*(r) and c;*(r) must satisfy [p + X(1 - p)]u’(c:*(r)) = [p + X2(1 
- p)]d(c2**@>>. Since X > 1, this condition is consistent with c:*(r) > 
c:*(r) so that late diers do in fact self-select. Furthermore, as in Diamond 
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and Dybvig (1983), c;*(t) > c;(t) and c;*(t) < ct(t).rZ Finally, calculating 
p(l) and p(2) shows that under the optimal contract, cf*(- 1) = c:*(O) = 
cz**(o) = p. 

4. EQUILIBRIA IN THE PRESENCE OF AN INTERMEDIARY 

The existence of private information implies that the competitive econ- 
omy cannot support a market for Arrow-Debreu state-contingent claims. 
Consequently, the optimal risk-sharing contract cannot be achieved as a 
competitive equilibrium. Fortunately, however, as in Diamond and Dyb- 
vig (1983) and others, since the optimal contract is incentive compatible, 
an intermediary that offers “bank accounts” can achieve the optimal 
contract as a pure strategy Nash equilibrium.13 Due to the presence of the 
reserve requirement, here a bank account represents a claim to fiat cur- 
rency and the output of the investment technology. To distinguish be- 
tween these two parts of a bank account, I use the terms real balances to 
denote the bank’s holdings of currency and deposits to denote the bank’s 
holdings of storage. 

In order to keep the form of the bank account as simple as possible, I 
make the following two assumptions. First, the bank knows the genera- 
tional identity of each of its depositors. Note that this assumption does 
not overturn the one made earlier that the bank cannot identify a given 
depositor’s type. Second, the bank cannot use the deposits or the real 
balances of generations t - 1 and t + 1 to help finance the withdrawals of 
generation t. This second assumption, while common to much of the 
literature on bank runs, is not usually made explicit.14 

At time t 2 1, each young agent supplies-l% entire endowment to the 
bank which then allocates this between real balances and storage.15 In 
exchange, the bank offers to pay each member of generation t who with- 
draws at time t + 1 the greater of p,(t), which is endogenously deter- 
m ined, or rl(t), a fixed one-period rate of return which is determined by 
the bank. The bank continues to serve agents in the random order in 

I2 The proof of this result is a straightforward application of Diamond and Dybvig’s risk- 
sharing proof. For details, see their footnote 3 and set their p to 1, the one-period return (1 
for them) to p + (1 - p)X, and the two-period return (R for them) to p + (1 - p)X*. 

I3 Of course such an intermediary also has a second Nash equilibrium, one which corre- 
sponds to a bank run. See Section 4.2. 

I4 Modeling bank runs in the absence of this assumption appears to be an interesting topic 
for future research. 

I5 With no loss of generality, one can assume that once the bank has allocated each agent’s 
endowment, it returns to the agent the optimal quantity of real balances. Under this interpre- 
tation, agents hold real balances while the bank holds deposits. 
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which they arrive until either all who seek to withdraw do so, or until the 
bank’s assets held on behalf of generation t are exhausted. Should the 
bank have assets remaining, they are held until time t + 2 at which time 
they are distributed equally among the members of generation t who did 
not withdraw at time t + 1. Drawing upon Diamond and Dybvig’s nota- 
tion, this implies that V,(t) and VI(t), the time t + 1 and t + 2 payoffs to 
members of generation t, are given by 

(k%(t) if rl(t) 5 pi(t) 
V,(t, h-> = Q(t), 4 < n(t)-‘p,(t) (64 

0, .fj 2 n(t)-‘p,(t) if rl(t) > pi(t) 

P if n 0) 5 m 0) 
P2W b*(t) - ~lW.fl 

5ol 
(6b) 

PI(t) (1 -.f) if rl(t) > pl(t>, 

where 4 is the share of accounts from generation t that are withdrawn 
before agent j arrives at the bank, and fis the total share of accounts that 
are ultimately withdrawn by members of generation t. 

4.1. No Bank Runs 

Let the bank set r,(t) = c?*(t). Then the bank account described above 
yields the optimal risk-sharing contract of Section 3 as a pure strategy 
Nash equilibrium. To see this, note first that if bank runs never occur 
(i.e., f = A), then Eq. (3) implies that R,(t) = R2(t) = 1, which in turn 
implies that the reserve requirement binds. Since the bank allocates p to 
real balances and 1 - /3 to storage every period, it follows that p](t) = p + 
X(1 - p) = p?(t) and p2(t) = j3 + X2(1 - /3) = p;(t), their values under 
optimal risk sharing. Second, since p?(t) < c:*(t), Eqs. (4a), (6a), and (6b) 
imply that V,(t) = c:*(t) and Vz(t) = c;*(t). Last, since c?*(t) < c;*(t), 
late diers do not withdraw until period t + 2. Hence f= A is indeed a Nash 
equilibrium in which bank runs do not occur. 

When c;*(t) > pi(t), any member of generation t who withdraws at 
time t + 1 receives more of the consumption good than his share of the 
bank’s assets are currently worth. Since each such agent is only con- 
cerned with the magnitude of his withdrawal and not with its shares of real 
balances and storage, henceforth I assume that the bank pays out real 
balances and storage in the same proportions that it currently holds these 
assets, namely R,(t)q(t)lp,(t) for real balances and Xs(t)lp,(t) for storage. 
Thus, in the absence of bank runs, the early diers of generation t receive 
flcr*(t)lpP(t) in real balances and X(1 - P)cT*(t)lpy(t) in storage. 
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4.2. Bank Runs 

The deposit contract’s second Nash equilibrium, namely a bank run, 
occurs when all members of generation t seek to withdraw their funds 
from the bank at time t + 1. To verify that a bank run is in fact an 
equilibrium, suppose that member j of generation t anticipates that all 
other members of his generation will run the bank. Since the bank pays 
out funds as long as it is able (or there are agents to serve), agent j obtains 
strictly positive expected consumption by participating in the run. Should 
he not participate, then his consumption is necessarily zero. Therefore, 
running the bank is also agent j’s optimal strategy. 

Like Diamond and Dybvig (1983) and Freeman (1988), I assume that at 
time t + 1, if agents observe that a commonly viewed (possibly exoge- 
nous) random event has occurred (e.g., sunspots; see Azariadis, 1981; 
Cass and Shell, 1983), then members of generation t run the bank.16 Natu- 
rally, if the probability of such an event were high enough, then agents 
would allocate part of their endowment to the intermediary and directly 
invest the rest. Since pursuing this line of analysis would complicate the 
model, but not greatly change the results, I assume that the probability 
that a bank run occurs is sufficiently small that agents choose to place 
their entire endowment in the bank. 

There exist a number of mechanisms that can prevent a bank run equi- 
librium from occurring and do so without altering the bank’s optimal 
contract. Examples include suspension of payments (Diamond and Dyb- 
vig, 1983);” deposit insurance (Bryant, 1980; Diamond and Dybvig, 1983; 
Freeman, 1988); sales of bank equities (Jacklin, 1987); interbank lending 
using a central bank (Bhattacharya and Gale, 1987); and a correspondent 
banking system (Smith, 1988). Though each of these mechanisms is dis- 
cussed within the context of a model in which fiat currency is absent, they 
can all be applied to the model presented here. However, from a historical 
standpoint, a case can be made that discount loans from the Federal 
Reserve and a suspension of payments are the only two mechanisms that 
are relevant to the 1929 to 1933 period. Nevertheless, the Fed did not 
extend significant amounts of credit to the U.S. banking system during 
this time, and President Franklin Roosevelt did not suspend payments 
until March 6, 1933, at the very end of the period under consideration. 

I6 In contrast to this approach, Chari and Jagannathan (1988), Jacklin and Bhattacharya 
(1988), and (less formally) Bryant (1980) focus on the ability of an economic fundamental, 
private information concerning asset payoffs, to trigger a run. In future work, I intend to 
apply this type of structure to a model of currency and deposits. 

r7 Recently, Engineer (1989) has shown that if the horizon in Diamond and Dybvig’s (1983) 
economy is increased to four periods and a subset of agents who have preferences weighted 
toward consumption in the fourth period is added, then a suspension of payments does not 
always prevent a bank run. 
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Since the mechanisms described above either did not exist or were not 
employed during the period under discussion, there is no loss (historically 
speaking) in not applying them to the model of this paper.18 

5. EMPIRICAL IMPLICATIONS 

Suppose that no bank run has occurred through time t. Since the proba- 
bility that one will occur at time t + 1 is (effectively) zero, at time t the 
bank allocates /3 of each young agent’s endowment to real balances and 
1 - p to storage. Should a run in fact occur at time t + 1, then by Eq. (6a), 
every member of generation t seeks to withdraw the greater of pi(t) = 
et(t)/3 + X(1 - j3) = p;(t) or c?*(t) from the bank. If p’;(t) < c:*(t), then 
f= p;(t)lc:*(t) is the measure of agents who successfully withdraw, each 
receiving c;*(t), while all other agents receive 0. If pi(t) z c:*(t), then all 
members of generation t successfully withdraw pi(t). This second case, 
which (to the best of my knowledge) has no counterpart elsewhere in the 
literature, reflects the fact that with currency in the model, the rate of 
return on the bank’s assets is endogenous. Furthermore, a deflation large 
enough to push p’;(t) above c:*(t) cannot be ruled out (see footnote 19). 
Since the bank is assumed to be unable to apply the storage or real 
balances of generation t toward the withdrawals of members of any other 
generation, it must pay out pi(t) to each member of generation t. Fortu- 
nately, as will be shown below, the model’s results are robust across these 
two cases. 

Recall that currency is assumed to have a liquidity advantage over 
storage. Therefore, if a bank run occurs at time t + 1, then each late dier 
of generation t who successfully withdraws will sell the share of his with- 
drawal in the form of storage for currency. Given that agents arrive at the 
bank in random order, it follows that if c:*(t) > p;(t), then the measure of 
late diers who withdraw equals (1 - h)j?. In this case, market clearing 
during a bank run requires that 

40 + 1) + (1 - h)J?X(l - /3)cT*(t)lpi(t) = p(t + l)Hl(2 - A). (7) 

After substituting for J?, Eq. (7) simplifies to read 

4@ + 1) + (1 - h)X(l - p> = p(t f l)H/(2 - A). (8) 

On the other hand, if c:*(t) % pi(t), then Eq. (8) still determines market 

I* This is not to say that analyzing these mechanisms within the context of the model of 
this paper is uninteresting, just that it is not historically relevant. 
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clearing since there are now 1 - A late diers entering the currency market, 
each of whom has X(1 - j3) units of storage to sell. 

By definition, ~(t + 1) is the inverse of the time t + 1 price level. Since 
the supply of fiat currency is fixed at H, if the demand for real balances is 
smaller in the absence of a bank run than it is during one, then the model 
is consistent with FSC’s observations about the behavior of the U.S. price 
level during the early 1930s. A comparison of Eq. (8) and Eq. (3) pushed 
ahead one period shows that there are two reasons why this is the case. 
First, the reserve requirement implies that during a run, the demand for 
real balances on the part of those born at time f + 1 must be at least equal 
to /3, its value when no run occurs. Second, late diers represent a source 
of demand that only occurs during a run. 

It is possible to place bounds on the size of the deflation that occurs 
during a bank run. Assuming that there is no run at time r (and as usual 
that none is expected at any future date), Eq. (3) implies that p(t) = 
(2 - Q /3/H. If there is a run at time t + 1, then by Eq. (8), (2 - A)@ + 
(1 - A)X(l - @ l/H %  ~(t + 1) 5 (2 - A)[1 + (1 - A)X(l - p)]/H since 
/3 YZ q(t + 1) 5 1. Consequently, when a run occurs, [p + (1 - h)X(l - 
/?)]Ip 5 R,(t) 5 [l + (1 - A)X(l - p)]//3.‘9 Since the rate of inflation, 
r(t) = RI(t)-' - 1, it follows that 

-(I - P)[l + (1 - X)X1 ~ Tttj _( 
1 + (1 - A)X(l - p) 

--(I - A)X(l - j?) < o 
p + (1 - h)X(l - p) . 

Next, consider the deposit-currency ratio, measured here as the ratio 
of the bank’s quantities of storage (which equals the market value of the 
bank’s deposits) to real balances. If no run occurs at time t + 1, then the 
bank’s deposits equal the sum of the storage purchased on behalf of 
agents born at time t + 1, plus the time t + 1 value of the storage held on 
behalf of the late diers of generation t. The quantity of real balances is 
similarly determined. Thus, in the absence of a bank run, the time t + 1 
deposit-currency ratio equals 

s(t + 1) + Xs(t)[l - Ac:*(t)py(t)-‘1 
dt + 1) + RI(MO[~ - Ac~*Wp~W’l* 

If a bank run does occur at time t + 1, then all funds that the bank is 

r9 This in turn implies that p + (2 - A)X(l - p) 5 p](r) 5 1 + (2 - A)X(l - p). However, 
since the coefficient of relative risk aversion must lie between 1 and 30, it follows that p + 
X(1 - p) < c:*(t) < [/3 + X(1 - p)I[p +x*(1 - /3)II{A[P + x*(1 - /3)1 + (1 - A)[P +x(1 - 
fl)]}. Therefore, having p{(r) 2 c:*(t) is indeed a theoretical possibility. Furthermore, since 
the closer the coefficient of relative risk aversion is to one, the closer c:*(t) is to its lower 
bound, the more likely it is that this situation occurs. 
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holding on behalf of the members of generation t are withdrawn. Suppos- 
ing for the moment that only (1 - h)f late diers successfully withdraw 
their funds, then the deposit-currency ratio becomes 

s(t + 1) 
40 + 1) + [Rl(tk(t) + Jw)lc~*(t)u - ~~.fdW’ ’ 

(10) 

where the second term in the denominator reflects the real balances late 
diers received directly plus the amount that they acquire by selling their 
storage. Substituting for fimplies that Eq. (10) simplifies to 

s(t + 1) 
q(t + 1) + [RI(t)q(t) + XsWl(l - A) * (11) 

If every member of generation t successfully withdraws, then Eq. (11) is 
still valid, there being 1 - A such agents, each of whom receives R,(t)q(t) 
in real balances and sells Xs(t) units of storage. 

When no bank run occurs, q(t) = q(t + 1) = j3, s(t) = s(t + 1) = 1 - p, 
and R,(t) = 1. Therefore, Eq. (9) > (1 - /3)/p. On the other hand, when a 
run does occur, while q(t) and s(t) are unchanged, q(t + 1) 2 p, s(t + 1) 5 
1 - p, and R,(t) > 1. Therefore, Eq. (11) < (1 - /3)/p. These two inequali- 
ties imply that the deposit-currency ratio unambiguously falls during a 
bank run. This result is consistent with FSC. 

Last, define the time t + 1 money supply, M(t + l), as the nominal 
value of the sum of real balances plus deposits. Therefore, M(t + 1) 
equals the sum of the numerator and the denominator of the deposit- 
currency ratio divided by the value of money, p(t + 1). When bank 
runs do not occur, M(t + 1) = [l + j3 + X(1 - /3) - Acf*(t)]H/(2 - A)fl = 
M”(t + 1). Substituting for c:*(t) with its upper bound (see footnote 19), 
and recalling that p;(t) > p?(t), implies that 

MO(t + l) > {P + X2(1 - PI + (1 - AM + x(1 - P)12)H 
(2 - WP + X2(1 - P)IP 

= Mf(t + 1). 

On the other hand, should a bank run occur, then M(t + 1) = (1 + (1 - 
A)[R,(t)P + X(1 - P)]}/p(t + 1) = M’(t + 1). Substituting forRi(t) with its 
upper bound and for p(t + 1) with its lower bound implies that 

Mr(t + 1) ~ 11 + (1 - Ml + (2 - WY - P)IW 
(2 - A)@ + (1 - A)X(l - PII 

= M:(t + 1). 



MACROECONOMIC EFFECTS OF BANK RUNS 255 

To establish that the money supply falls during a bank run, it suffices to 
show that M:(t + 1) < Mi’(t + 1). Inspection of these two expressions 
shows first that if /3 = 1, then MP(t + 1) = M:(t + l), and second that as 
p + 0, M:(t + 1) is bounded above while Mi’(t + 1) is not. Therefore, 
M:(t + 1) < MP(t + 1) whenever /3 is sufficiently small. Assuming, as 
seems reasonable, that this restriction is satisfied, then the reduction in 
the money supply occurs even though the stock of high-powered money, 
H, does not change. Since FSC report that during the early 1930s the 
money supply fell by a much larger percentage than did the monetary 
base, the model is consistent with this observation. 

6. CONCLUDING REMARKS 

In order to provide a general equilibrium analysis of the macroeco- 
nomic effects of bank runs, it is necessary to have a model of financial 
intermediation in which there exist equilibria that correspond to both the 
presence and the absence of bank runs. The risk-sharing model of finan- 
cial intermediation of Bryant (1980) and Diamond and Dybvig (1983) pro- 
vides such an environment. However, most models in the risk-sharing 
tradition either include deposits, but not currency, or imply that currency 
and deposits are perfect substitutes, at least in the absence of bank runs. 
Since three of the primary effects of bank runs are the declines in the price 
level, deposit-currency ratio, and the money supply, most risk-sharing 
models are not well suited to confront these observations. 

This paper offers a model of financial intermediation in the risk-sharing 
tradition in which there exists a type of reserve requirement on fiat cur- 
rency. The reserve requirement guarantees that banks always hold cur- 
rency, and that currency and deposits do not earn the same rates of return 
in the absence of a bank run. Therefore, the quantities of currency and 
deposits that a bank holds both in the presence and in the absence of a 
bank run can be described in a meaningful way. This in turn implies that 
the three variables of interest are each well defined in both the bank run 
and the no bank run equilibrium. A comparison of the price level, de- 
posit-currency ratio, and money supply across the two equilibria shows 
that each is lower in the bank run equilibrium than in the no bank run 
equilibrium. In this way, the model successfully captures the three pri- 
mary macroeconomic effects of bank runs under consideration. 
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