
Federa l Reserve Bank o f Minneapo l i s 
Research Department 

COMMUNICATION BARRIERS IN 
THE DIAMOND-DYBVIG MODEL: 

THE SEQUENTIAL-SERVICE CONSTRAINT 
AND OTHER IMPLICATIONS 

N e i l Wal lace* 

Working Paper 370 

September 1987 

NOT FOR DISTRIBUTION 
WITHOUT AUTHOR APPROVAL 

ABSTRACT 

The Diamond-Dybvig model o f banking ( J o u r n a l o f P o l i t i c a l Economy, 
1983) i s amended by i n t r o d u c i n g communication b a r r i e r s — t h e s e 
being i m p l i c i t in t h e i r model and in most e x p l a n a t i o n s o f why 
people hold s o - c a l l e d l i q u i d a s s e t s . These b a r r i e r s imply the 
s e q u e n t i a l - s e r v i c e c o n s t r a i n t that Diamond and Dybvig imposed on 
p r i v a t e i n t e r m e d i a t i o n and have other i m p l i c a t i o n s : i n f e a s i b i l i t y 
of the p o l i c y t h a t Diamond and Dybvig i d e n t i f y w i t h d e p o s i t i n s u r 
ance and d e s i r a b i l i t y of dependence o f the r e a l i z e d r e t u r n on 
d e p o s i t s on the random order of w i t h d r a w a l s . 
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l a t e d to s t i m u l a t e d i s c u s s i o n . I t i s not to be quoted w i t h o u t the 
a u t h o r ' s p e r m i s s i o n . 





In t h e i r 1983 paper, "Bank Runs, Depos i t Insurance, and 

L i q u i d i t y , " Diamond and Dybvig provided f o r the f i r s t time an 

almost complete d e s c r i p t i o n of an environment or model i n which 

b e n e f i c i a l t r a d i n g arrangements r e q u i r e the e x i s t e n c e o f an i n t e r 

mediary w i t h an i l l i q u i d p o r t f o l i o . I say "almost complete" 

because Diamond and Dybvig l e f t vague and i m p l i c i t the f e a t u r e s o f 

the environment t h a t imply t h e i r c r i t i c a l s e q u e n t i a l - s e r v i c e 

c o n s t r a i n t on i n t e r m e d i a r i e s . They o f f e r h i n t s about such an 

environment when they say t h a t imposing t h e i r s e q u e n t i a l - s e r v i c e 

c o n s t r a i n t a l l o w s them " t o capture the f l a v o r of cont inuous time 

( i n which d e p o s i t o r s d e p o s i t and withdraw at d i f f e r e n t random 

times) in a d i s c r e t e model" (p . 408) . However, in a t t empt ing t o 

r e c o n c i l e the f e a s i b i l i t y o f t h e i r d e p o s i t insurance p o l i c y w i t h 

the s e q u e n t i a l - s e r v i c e c o n s t r a i n t , they say only that "the r e a l i s 

t i c s e q u e n t i a l - s e r v i c e c o n s t r a i n t represents some s e r v i c e s t h a t a 

bank prov ides but which we do not e x p l i c i t l y model" (p . 414) . 

Here, I g i v e an e x p l i c i t d e s c r i p t i o n o f an environment c o n s i s t e n t 

wi th the one they h i n t e d a t , an environment w i t h communication 

b a r r i e r s . These b a r r i e r s , in a d d i t i o n to g i v i n g r i s e to t h e i r 

s e q u e n t i a l - s e r v i c e c o n s t r a i n t , are shown to have two other conse

quences. F i r s t , the p o l i c y t h a t Diamond and Dybvig i d e n t i f y w i t h 

d e p o s i t insurance i s not f e a s i b l e . Second, d e s i r a b l e arrangements 

have r e a l i z e d r e t u r n s on d e p o s i t s t h a t depend on the random order 

i n which people withdraw. 

These r e s u l t s , which hold f o r the v e r s i o n o f the model 

w i t h aggregate randomness i n the i n t e r t e m p o r a l p a t t e r n o f demand, 

are presented in s e c t i o n 4. They are preceded by d e s c r i p t i o n s and 



b r i e f d i s c u s s i o n s of the p h y s i c a l environment ( s e c t i o n 1 ) , the 

e q u i l i b r i u m concept ( s e c t i o n 2 ) , and the s p e c i a l case o f no aggre

gate randomness ( s e c t i o n 3 ) . 

1. The P h y s i c a l Environment 

Diamond and Dybvig cons ider a t h r e e - d a t e economy wi th 

dates l a b e l e d t = 0, 1, and 2. At t = 0 , there are a l a rge number 

o f i d e n t i c a l people , each o f whom i s u n c e r t a i n about whether at 

t = 1 he w i l l want to consume then or w i l l be p a t i e n t enough to 

wa i t u n t i l t = 2 to consume. Some people , in f a c t , turn out to be 

impat ient and others p a t i e n t . At t = 0, each person has an endow

ment o f one u n i t o f a good which can serve as an input i n t o a 

constant r e t u r n s - t o - s c a l e i n t e r t e m p o r a l technology wi th gross 

r a t e - o f - r e t u r n R1 between t = 0 and t = 1, and R^Rj between t = 0 

and t = 2. Thus, under a u t a r k y , an agent ' s maximum date 1 con

sumption i s R1 and h i s maximum date 2 consumption i s R^R2• I f the 

input i s p o o l e d , then these bounds do not a p p l y . Whether p o o l i n g 

arrangements can and do take a form that resembles bank d e p o s i t s — 

and in p a r t i c u l a r , demand deposits—depends on what i s assumed 

about communication p o s s i b i l i t i e s at t = 1, a matter which Diamond 

and Dybvig l e f t i m p l i c i t . I f o l l o w t h e i r h i n t s and assume that t 

= 1 i s an i n t e r v a l of t ime, that people are i s o l a t e d from each 

other dur ing that i n t e r v a l , and that they in a random f a s h i o n 

contact a c e n t r a l l o c a t i o n dur ing that i n t e r v a l . 

The assumptions that determine what i s f e a s i b l e — t h o s e 

about the t = 1 i n t e r v a l , the p o s s i b i l i t i e s f o r the p o o l i n g o f 

i n p u t s , and the assumption that whether a person turns out to be 

impat ient or p a t i e n t i s p r i v a t e i n f o r m a t i o n — c a n a l l be d e s c r i b e d 
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u s i n g the image of a vending machine—a machine, however, that i s 

p r o d u c t i v e and that i s as smart as a cash machine. I suppose that 

pooled input i s depos i ted i n t o a vending machine in which i t and 

aggregate withdrawals a t t = 1 and t = 2, which must be consumed 

when withdrawn, are s u b j e c t to the p r o d u c t i v e technology . The 

machine operates l i k e a cash machine in that i t i s a b l e to check a 

p e r s o n ' s account i n order to determine whether the person i s e n 

t i t l e d to make a w i t h d r a w a l . Moreover, a t t = 0, the machine can 

be programmed to compute f u n c t i o n s o f withdrawals as they occur 

and to make subsequent withdrawals depend on prev ious withdraw

a l s . The machine cannot, however (say, by way o f a l i e d e t e c t o r ) , 

determine whether a person i s impat ient or p a t i e n t . The machine 

has a l o c a t i o n and people contact i t once and at random d u r i n g the 

t = 1 i n t e r v a l . 1 

Although the assumptions concerning the t = 1 i n t e r v a l , 

which together w i l l be r e f e r r e d to as the i s o l a t i o n assumption, 

may seem extreme, they should be regarded as a s imple v e r s i o n o f a 

wide ly accepted n o t i o n about what l i e s behind the demand f o r 

" l i q u i d " assets—namely , that people h o l d such a s s e t s because they 

may f i n d themselves impat ient to spend when and where they are not 

connected to asset markets in which they can s e l l any asset a t i t s 

"market" p r i c e . S ince demand d e p o s i t s have u s u a l l y been d e s c r i b e d 

as p r o v i d i n g the ho lder w i t h the p o s s i b i l i t y o f spending a t any 

t i m e , i f not a l s o a t any p l a c e , i t i s not s u r p r i s i n g t h a t some 

v e r s i o n o f people being i s o l a t e d p lays an important r o l e in a 

model that i m p l i e s the e x i s t e n c e o f a s s e t s that resemble demand 

d e p o s i t s . 
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The s p e c i f i c assumptions a r e as f o l l o w s . 

There i s a continuum, the u n i t i n t e r v a l , of agents and 

three u n i t s o f t i m e s — i n s t a n t s t = 0 and t = 2, and an i n t e r v a l 

around and l a b e l e d t = 1. At t = 0 and t = 2, agents are t o 

gether . During i n t e r v a l t = 1, they are i s o l a t e d , a l though each 

one contacts a c e n t r a l l o c a t i o n at some i n s t a n t d u r i n g the t = 1 

i n t e r v a l . The order i n which agents contact the c e n t r a l l o c a t i o n 

i s random (and viewed by them as random) and u n i f o r m l y d i s t r i b 

u t e d : the p r o b a b i l i t y that an agent i s among the p r o p o r t i o n v who 

f i r s t make c o n t a c t i s v. 

Each agent i s endowed at t = 0 w i t h one u n i t of a good 

and wi th access to the f o l l o w i n g technology s e t . A t r i p l e t 

( a ^ a g . a g ) , w i t h being output a t t ime i , i s in the s e t i f 

( a ^ a j j a ^ ) = [ - a , XP^a, (1 - X ^ R ^ a ] f o r some a > 0 and some X € 

2 

[0 ,1] where the R̂  are p o s i t i v e s c a i a r s . Note that i f Cj i s 

t o t a l consumption at date i , then ( C ^ C j ) i s c o n s i s t e n t w i t h the 

endowment, the technology, and f r e e d i s p o s a l i f and on ly i f 

(1) 1 > C 1 / R ] + C 2 / ( R 1 R 2 ) . 

Each agent a t t = 0 maximizes the expected value of 

,., , \2 h, h h, 
U(c) = £ h = l V ( o 1 t c 2 ) 

where c = ( c j . c ^ c ^ c ^ ) and c^ i s consumption at time i o f an 

agent who l e a r n s that he i s type h a t the s t a r t o f i n t e r v a l t = 

1. I t i s assumed that a h i s both the p r o b a b i l i t y that the agent 

w i l l be type h ( i . e . , w i l l have the ex post u t i l i t y f u n c t i o n u n ) 

and the p r o p o r t i o n o f agents who w i l l turn out to be type h . Each 
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agent l e a r n s h i s type a t the beginning of i n t e r v a l t = 1. A l 

though U i s i t s e l f an expected u t i l i t y , I say that agents maximize 

the expected value of U because there are sources o f u n c e r t a i n t y 

in a d d i t i o n to t y p e — a n d the o r d e r i n g of agents dur ing t = 1. 

I assume that i s a d i s c r e t e random v a r i a b l e w i t h 

f i n i t e support : a 1 - a. w i th p r o b a b i l i t y p k , k = 1, 2, K 

and a'f + ci^ = 1 . 3 F o l l o w i n g Diamond and Dybvig, uNc^c!^) = 

g t c j + ^ c l j ) , where 0 < 6 1 < R' 1 < « 2 , g ' > 0, g " < 0, and 

g ' ( R 1 ) / g * ( 6 2 R 2 R 1 ) > 6 2 R 2 - (Note that these c o n d i t i o n s on g are 

s a t i s f i e d by g(x) = - b x " D , b > 0. ) These ex post u t i l i t y f u n c 

t i o n s are such that i f faced w i t h the ex post return R 2 , type h 

agents wish to consume only a t t ime h. 

2. An E q u i l i b r i u m Concept 

The e q u i l i b r i u m concept I use has both c o o p e r a t i v e and 

noncooperat ive elements and i s c l o s e l y r e l a t e d to that of H a r r i s 

and Townsend [1981]. I t i s c o n s i s t e n t w i t h people g e t t i n g t o 

gether a t t = 0 and doing the best they can f o r the r e p r e s e n t a t i v e 

person by, f o r example, s e t t i n g up and determining the p o l i c y o f 

an intermediary organized as a mutual ( the cooperat ive e l e m e n t ) , 

s u b j e c t to not being able to coerce people ( the noncooperat ive 

e l e m e n t ) — f o r example, e i t h e r to j o i n a t t = 0 or to t r u t h f u l l y 

r e v e a l type at t = 1. 

I suppose that each i n d i v i d u a l ' s s t r a t e g y c o n s i s t s o f an 

investment d e c i s i o n a t t = 0 and an announcement of type a t t = 

1. An e q u i l i b r i u m , then, c o n s i s t s o f s t r a t e g i e s f o r each agent 

and an a l l o c a t i o n r u l e , g i v i n g each i n d i v i d u a l ' s consumption as a 

f u n c t i o n o f a l l the s t r a t e g i e s and p o s s i b l y the r e a l i z a t i o n s of 
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random v a r i a b l e s l i k e the order in which a person contacts the 

c e n t r a l l o c a t i o n at t = 1, t h a t maximizes t = 0 expected u t i l i t y 

o f the r e p r e s e n t a t i v e agent subject to the f o l l o w i n g c o n d i t i o n s : 

( i ) the s t r a t e g i e s and r u l e are f e a s i b l e ; ( i i ) the s t r a t e g i e s 

inc lude t r u t h f u l r e v e l a t i o n o f type at t = 1; and ( i i i ) g iven the 

r u l e , the s t r a t e g i e s are such t h a t : (a) they c o n s t i t u t e a Nash 

e q u i l i b r i u m at t = 0, (b) t r u t h f u l r e l e v a t i o n o f type at t = 1 i s 

a Nash e q u i l i b r i u m in the subgame that begins a f t e r i n d i v i d u a l s 

l e a r n t h e i r t y p e , and (c) t r u t h f u l r e v e l a t i o n o f type at t = 1 i s 

a best response f o r each agent f o r any b e l i e f s about whether other 

agents t r u t h f u l l y r e v e a l t h e i r types . 

Note that ( i ) r e q u i r e s that the a l l o c a t i o n r u l e be 

c o n s i s t e n t w i t h the d e s c r i p t i o n of the p h y s i c a l environment i n 

c l u d i n g the assumption that people are i s o l a t e d at t = 1 and 

contact the c e n t r a l l o c a t i o n at random. C o n d i t i o n ( i i i ) d e s c r i b e s 

the noncooperat ive f e a t u r e s of the e q u i l i b r i u m concept and i n 

c ludes i n c e n t i v e c o m p a t i b i l i t y c o n d i t i o n s . C o n d i t i o n ( i i i . c ) 

r u l e s out bank runs . Although i t i m p l i e s ( i i i . b ) , I l i s t ( i i i . b ) 

s e p a r a t e l y because I w i l l a t t imes want to note that some s t r a t e 

g ies and r u l e s s a t i s f y ( i i i . b ) , but not ( i i i . c ) . 

Diamond and Dybvig seemed to use an e q u i l i b r i u m concept 

somewhat l i k e t h i s one, but p o s s i b l y one that does not i n c l u d e 

( i i i . c ) . I impose ( i i i . c ) as part of the e q u i l i b r i u m concept , 

because without i t , people a t t = 0 must be ass igned b e l i e f s about 

whether other agents w i l l t r u t h f u l l y r e v e a l type a t t = 1. (For a 

more extended d i s c u s s i o n of the Diamond-Dybvig e q u i l i b r i u m con

c e p t , see P o s t l e w a i t e and V ives [1987].) 



- 7 -

3. The Diamond-Dybvig Model With No Aggregate Risk 

Here the p r o p o r t i o n o f each type i s nonrandom (K = 1) . 

Diamond and Dybvig cons idered a l l o c a t i o n s t h a t maximize U(c) 

sub ject on ly to ( 1 ) . The assumptions imply that the s o l u t i o n , 

denoted c , i s unique and g iven by c '̂ = c^ = 0 , (1) a t e q u a l i t y , 

and g ' f c J j / g ' U g C g ) = 6 2

R 2 - 1 1 f o l l o w s t h a t 6 2 R 2 R 1 > 6 2 C 2 > C l > 

R « , where the middle i n e q u a l i t y i s a consequence o f 6 2 ^2 > ^ a n c ' 

the other i n e q u a l i t i e s f o l l o w from t h a t and the c o n d i t i o n s on g. 

Diamond and Dybvig showed that the f o l l o w i n g arrangement 

i s an e q u i l i b r i u m t h a t supports c. The s t r a t e g y f o r each agent i s 

to d e p o s i t h i s e n t i r e endowment a t t = 0 and to t r u t h f u l l y r e v e a l 

type at t = 1 when he contacts the machine. The machine o f f e r s a 

gross r e t u r n of c^ on t = 1 wi thdrawals u n t i l t o t a l time 1 d i s -

"1 

bursements cumulate to <*̂ c.|. At that p o i n t , the machine shuts 

down ("suspends") u n t i l t = 2, when a l l d e p o s i t s not withdrawn at 

t = 1 share e q u a l l y on a pro r a t a b a s i s e v e r y t h i n g that remains. 

In terms o f my d e f i n i t i o n o f an e q u i l i b r i u m , i t i s 

e a s i l y seen that t h i s arrangement s a t i s f i e s a l l the r e s t r i c t i o n s , 

i n c l u d i n g ( i i i . c ) . In p a r t i c u l a r , i t i s c o n s i s t e n t w i t h the 

assumption that people are i s o l a t e d at t = 1. Moreover, that 

assumption i s necessary f o r c l a i m i n g that c i s supported by, and 

only by, a scheme t h a t resembles a demand d e p o s i t arrangement. 

Without the i s o l a t i o n assumption, the above arrangement 

v i o l a t e s ( i i i . a ) in the f o l l o w i n g way (see J a c k l i n [1987]) . Con

s i d e r the s i t u a t i o n o f an agent who d e v i a t e s by not d e p o s i t i n g h i s 

endowment a t t = 0, but instead engages i n a u t a r k i c investment . 

I f he turns out to be type 2, he does noth ing a t t = 1 and has 



- 8 -

h igher r e a l i z e d u t i l i t y than i f he d e p o s i t e d . I f he turns out t o 

be type 1, then he o f f e r s a t t = 1 to s e l l h i s a u t a r k i c investment 

to a person who depos i ted and who turns out to be type 2. A 

b e n e f i c i a l t rade i s p o s s i b l e w i t h any such person who can succeed 

in withdrawing—one p o s s i b i l i t y being that the a u t a r k i c investment 

i s s o l d f o r c l . Th is g ives the type 2 person Ft, a t t = 2 which 

"2 1 2 * 1 
exceeds c., and g i v e s the t = 0 d e v i a n t (c^.c^) = ( c^R, , ) ex a n t e , 

* 1 A 2 

which dominates ( c ^ c ^ ) . And, wi thout i s o l a t i o n , arrangements 

that do not resemble demand d e p o s i t arrangements can be used to 

support c. For example, l e t everyone who pooled endowments meet 

at t = 1 and l e t people be asked to i d e n t i f y themselves as to 

type. I f the p r o p o r t i o n c l a i m i n g to be type 1 exceeds a^, l e t no 

one get anyth ing or l e t those c l a i m i n g to be type 1 get R1 and the 

r e s t R 2 ; o t h e r w i s e , l e t r e t u r n s per u n i t be (CyC^). I t i s easy 

to see t h a t t h i s scheme supports c e x c e p t , o f c o u r s e , f o r v i o l a t 

ing i s o l a t i o n at t = 1. 

Note that having agents d e p o s i t t h e i r e n t i r e endowment 

i n d e p o s i t s w i t h gross r e t u r n s c, a t t = 1 and at t = 2 i s not 

the on ly way to support the c a l l o c a t i o n . I t can a l s o be sup

ported us ing d i v e r s i f i e d p o r t f o l i o s f o r i n d i v i d u a l s . One p o s s i 

b i l i t y i s as f o l l o w s . I f ( x 1 , x 2 , 3 ) i s g iven by the unique s o l u 
t i o n to 

(2) Vl/R1 + V 2 / R 1 R 2 

(3) x 

(4) (1 -S )x . + 8R c 
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then a s t r a t e g y f o r each agent o f i n v e s t i n g 8 a u t a r k i c a l l y and 

(1-S) in pooled input that pays per u n i t withdrawn at date 1 

u n t i l date 1 withdrawals t o t a l (1-8)a^x^ and pays out what remains 

a t t = 2 on a pro r a t a b a s i s to remaining d e p o s i t c l a i m s i s an 

e q u i l i b r i u m that supports c. The proof o f t h i s a s s e r t i o n — w h i c h 

i n v o l v e s showing that x 2 i s the date 2 gross r e t u r n per u n i t o f 

"2 

pooled i n p u t , that S e ( 0 , 1 ) , and that c^ = ( 1 - S ) x 2 + 8R-— i s 

s t r a i g h t f o r w a r d and l e f t to the reader . Note that by ( 3 ) , type 

1's want to withdraw at t = 1, w h i l e type 2 ' s are w i l l i n g to wa i t 

u n t i l t = 2, which i s what they must be assumed to do. Given such 

t r u t h f u l r e v e l a t i o n , (2) i s i m p l i e d by the technology . Note that 

s u b j e c t to i n c e n t i v e c o m p a t i b i l i t y , (3) maximizes the date 1 

r e t u r n and, hence, the degree o f i l l i q u i d i t y o f the pooled p o r t f o 

l i o . Another way to support c i s to have i n d i v i d u a l s d i v e r s i f y 

between d e p o s i t s w i t h the above r e t u r n s and d e p o s i t s w i t h r e t u r n s 

g iven by (2) and x^ = S . ^ , r e t u r n s that maximize the date 2 

r e t u r n s u b j e c t to i n c e n t i v e c o m p a t i b i l i t y . 

These arrangements suggest that c can be supported by 

schemes that are d e c e n t r a l i z e d i n the f o l l o w i n g way: f i r m s o f f e r 

d e p o s i t s wi th payoff streams that depend only on the parameters in 

(2) and the 5^, w h i l e i n d i v i d u a l s a l l o c a t e t h e i r endowments among 

such d e p o s i t s and a u t a r k i c investment. In f a c t , such schemes, 

which more c l o s e l y resemble a c t u a l banking arrangements, could 

support a l l o c a t i o n s that are opt imal s u b j e c t on ly to (1) in v e r 

s i o n s o f the model w i t h some d i v e r s i t y ; i n d i v i d u a l s could have 

d i f f e r e n t endowments and d i f f e r e n t preferences in the form o f 

d i f f e r e n t g f u n c t i o n s . 
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F i n a l l y , note that any o f the ways o f support ing c c o n 

s i s t e n t wi th the i s o l a t i o n assumption n i c e l y d e p i c t the s i t u a t i o n 

o f ho lders o f o s t e n s i b l y l o w - r e t u r n , l i q u i d forms of a s s e t s in 

a c t u a l economies. A p l a u s i b l e d e s c r i p t i o n o f the s i t u a t i o n f a c i n g 

ho lders o f such a s s e t s i s that they face a d i s t r i b u t i o n o f p o s s i 

b l e c i rcumstances : in some the pecuniary r e t u r n on the l i q u i d 

a s s e t s w i l l exceed that on other a s s e t s and i n some the reverse 

w i l l occur . The former e x i s t even though they are not s y s t e m a t i 

c a l l y recorded and even though recorded "market r a t e s o f r e t u r n " 

are such t h a t l i q u i d a s s e t s are dominated in r a t e o f r e t u r n . In 

the model, the time 0 s i t u a t i o n o f agents i s s i m i l a r w i t h the h igh 

time 1 r e t u r n d e p o s i t s p l a y i n g the r o l e o f l i q u i d a s s e t s . I f an 

agent turns out to be type 1, he converts a l l h i s assets i n t o 

consumption and r e a l i z e s a h igher r e t u r n on l i q u i d a s s e t s than on 

other a s s e t s . I f , i n s t e a d , he turns out to be type 2, the reverse 

o c c u r s . In both the model and the a c t u a l economy, the c i r c u m 

stance in which the l i q u i d asset has a h igher r e t u r n occurs o u t 

s i d e o f organized asset markets. 

4 . Random Aggregate P r o p o r t i o n s o f Types 

Diamond and Dybvig analyzed t h i s v e r s i o n by f i r s t c o n 

s i d e r i n g a l l o c a t i o n s t h a t depend only on the r e a l i z a t i o n = 

k k h k 
( a ^ , a 2 ) and t h a t s o l v e the f o l l o w i n g problem: choose c^(a ) f o r 

h, i = 1 , 2 , and k = 1, 2, . . . , K (a 4K element v e c t o r ) to max i 

mize 

(5) EU(c) 5 ^ [ J ^ C o ^ . ^ . o ^ . S ) ] 

s u b j e c t to 
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(6) 1 > Jha^ctj(ak)/R1 + ^ a J ^ U ^ / R ^ ; k = 1, 2 K 

where (6) i s s imply (1) a p p l i e d to such a l l o c a t i o n s . 

This problem s p l i t s i n t o K separate problems, one f o r 

each k. Moreover, f o r each k the problem i s e x a c t l y l i k e t h a t 

which determined c above. Thus, the s o l u t i o n , denoted c ( a K ) , 

"2. k ~ 1 k 

k = 1, 2, K, i s f o r each k g iven by c^(a ) = c^Cct ) = 0 , (6) 

a t e q u a l i t y , and g * ( c j ( a k ) ) / g ' ( < S 2 c 2 ( a k ) ) = 6 2 R 2 . I t f o l l o w s 

t h a t c j ( a k ) and c 2 ( a k ) vary w i t h k, a f a c t used below. 

Diamond and Dybvig showed that no p o o l i n g arrangement 

that s a t i s f i e s t h e i r s e q u e n t i a l - s e r v i c e c o n s t r a i n t can support 

c(a ). T h e i r argument, which shows that c (a ) i s not f e a s i b l e 

g iven the i s o l a t i o n assumption, cons iders two e x h a u s t i v e p o s s i b i l 

i t i e s f o r time 1 r e t u r n s on pooled investment c o n s i s t e n t w i t h the 

s e q u e n t i a l s e r v i c e c o n s t r a i n t . I f such r e t u r n s depend on the 

order in which agents contact the machine, then f o r some k two 

d i f f e r e n t type 1 agents w i l l r e c e i v e d i f f e r e n t consumptions. I f 

such r e t u r n s do not depend on the o r d e r , then the r e t u r n does not 

vary w i t h k. Put d i f f e r e n t l y , i f the vending machine must make 

payments dur ing the t = 1 i n t e r v a l before i t can cumulate a l l 

r e q u e s t s , then i t cannot achieve payments that depend on k and 

that f o r a g iven k do not depend on the order in which agents 

appear. 

4.1 Diamond-Dybvig Deposit Insurance 

Despite the above r e s u l t , Diamond and Dybvig c la imed 

that there i s a f e a s i b l e p o l i c y , one which they i d e n t i f y w i t h 

k 
d e p o s i t insurance, that permits c(a ) to be supported as an e q u i -
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L ibr ium. The c r u c i a l f e a t u r e of t h i s p o l i c y i s that the d e p o s i t 

insurance agency i s a l lowed to tax and make t r a n s f e r s to everyone 

at t = 1 that depend on the r e a l i z a t i o n o f a^. That i s , t h e i r 

scheme permits the d e p o s i t insurance agency to cumulate a l l r e 

quests f o r t = 1 withdrawals and to make net disbursements to 

everyone t h a t depends on the t o t a l o f such r e q u e s t s . I t i s as i f 

the d e p o s i t insurance agency holds a meeting a t t = 1 a t which i t 

announces c(a ) as a schedule o f r e t u r n s t h a t i s c o n d i t i o n a l on 

the p r o p o r t i o n who when asked announce themselves to be type 1. 

With a s u i t a b l e p r o v i s o about what happens i f more than a. respond 

that they are type 1—for example, no one gets anyth ing or those 

announcing themselves to be type 1 get R 1 —such a scheme s a t i s f i e s 

e q u i l i b r i u m c o n d i t i o n ( i i i . c ) . 

In defense o f a l l o w i n g t h e i r d e p o s i t insurance agency to 

v i o l a t e the s e q u e n t i a l s e r v i c e c o n s t r a i n t imposed on i n t e r m e d i 

a r i e s , Diamond and Dybvig s a i d only the f o l l o w i n g : 

As the government can impose a tax on an agent a f t e r 

he or she has withdrawn, the government can base i t s 

tax on f , the r e a l i z e d t o t a l va lue o f T = 1 withdraw

a l s . This i s in marked c o n t r a s t to a bank, which must 

prov ide s e q u e n t i a l s e r v i c e and cannot reduce the 

amount of a withdrawal a f t e r i t has been made. Th i s 

asymmetry a l l o w s a p o t e n t i a l b e n e f i t from government 

i n t e r v e n t i o n . The r e a l i s t i c s e q u e n t i a l - s e r v i c e con

s t r a i n t represents some s e r v i c e s t h a t a bank p r o v i d e s 

but which we do not e x p l i c i t l y model (p. 414) . 

Th i s i s not c o n v i n c i n g . I f there i s a way to r e c o n c i l e 

k 
the s e q u e n t i a l - s e r v i c e c o n s t r a i n t w i t h c (a ) and t h e i r d e p o s i t 
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insurance scheme, Diamond and Dybvig have not prov ided i t . As 

noted above, c (a ) and the Diamond-Dybvig d e p o s i t insurance are 

not compatib le wi th the i s o l a t i o n assumption. And, o f course , i f 

that assumption i s invoked, there i s no need to appeal to some 

unmodeled s e r v i c e o f banks in order to j u s t i f y the s e q u e n t i a l 

s e r v i c e c o n s t r a i n t ; the r i s k - s h a r i n g s e r v i c e s o f banks must be 

provided s u b j e c t to the s e q u e n t i a l s e r v i c e c o n s t r a i n t . 

4.2 M o n t r i v i a l Suspension 

The Diamond-Dybvig argument g iven above shows t h a t 

c (a ) i s not f e a s i b l e g iven the i s o l a t i o n assumption. That being 

so , i t i s f a r from obvious what i s an e q u i l i b r i u m arrangement. I 

now show that there are economies in which any e q u i l i b r i u m a r 

rangement w i l l have r e a l i z e d date 1 consumption dependent on the 

order in which type 1 agents contact the c e n t r a l l o c a t i o n . I do 

t h i s by showing that an arrangement in which r e a l i z e d date 1 

consumption depends in a s imple way on that o r d e r i n g s a t i s f i e s 

e q u i l i b r i u m c o n d i t i o n s ( i ) - ( i i i ) and g ives h igher expected u t i l i t y 

than any f e a s i b l e arrangement which does not d i s p l a y any such 

dependence. 

P r o p o s i t i o n . There e x i s t economies f o r which any e q u i l i b r i u m has 

date 1 consumption dependent on the order in which agents c o n t a c t 

the c e n t r a l l o c a t i o n dur ing the t = 1 i n t e r v a l . 

P r o o f . An upper bound on expected u t i l i t y a c h i e v a b l e under 

schemes without dependence on order i s g iven by the s o l u t i o n to 

h k h 
maximizing (5) sub ject to (6) and c . ( o ) = c . , a constant not 

1 i 

dependent on k. Denote t h i s a l l o c a t i o n c(aK) and note that i t 
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-2 - 1 k 
s a t i s f i e s = c 2 ( a ) = 0 and (6) a t e q u a l i t y f o r each k. Now l e t 

k 
K = 2 so that the nonzero p a r t o f c (a ) i s a t r i p l e t 

( c ^ , c 2 ( a ) , c 2 ( a ) ) . Moreover, l e t the f u n c t i o n g be such t h a t 

-1 -2 k 
t h i s s o l u t i o n s a t i s f i e s c^ < 6 2 c 2 ( a ) f o r k = 1, 2. I f g(x) = 

- b x ~ b , b > 0 , t h e n , s i n c e the s o l u t i o n to maximizing (5) s u b j e c t 

1 2 

to (6) approaches c^ = R ,̂ c 2 = R^R2 as b approaches 0, f o r s u f f i 

c i e n t l y smal l b, c j < iJa^ia^). 

Mow cons ider the f o l l o w i n g s t r a t e g i e s and r u l e . The 

s t r a t e g i e s are to pool the e n t i r e endowment and to t r u t h f u l l y 

revea l type . The r u l e i s as f o l l o w s : f o r some p o s i t i v e s s t i l l 

to be determined, the r e t u r n per u n i t o f withdrawal i s (cj+e) u n 

t i l withdrawals t o t a l a j (c|+€) , the r e t u r n per u n i t o f subsequent 

withdrawals i s (c|-€) u n t i l wi thdrawals t o t a l a|(c^+e) + 

2 1 -1 

( a . - a . ) ( c . - e ) , then no f u r t h e r withdrawals are a l l o w e d . F i n a l l y , 

a t t = 2, a l l resources are d i v i d e d on a pro r a t a b a s i s among 

remaining d e p o s i t c l a i m s . Note that t h i s scheme s a t i s f i e s e q u i 

l i b r i u m c o n d i t i o n s ( i ) - ( i i i ) f o r a s u f f i c i e n t l y smal l e. In 

-1 - 2 k 

p a r t i c u l a r , s i n c e c 1 < 6 2 c 2 ( a ), ( i i i . c ) i s s a t i s f i e d . 

In order to express expected u t i l i t y as a f u n c t i o n o f e, 

I f i r s t express as a f u n c t i o n of a k and then use (1) a t e q u a l -
2, k, 1 

i t y to express c 2 ( a ) as a f u n c t i o n o f e. I f o s o 1 , then C-j = 
1 - 1 ? 1 - 1 2 1 - 1 

a . ( c . + € ) , whi le i f a = a % then C 1 = a ^ c ^ e ) + ( a . - a . ) ( c . - € ) . In 
2 k k 

each case, c,,(a ) = ( R ^ - R ^ ) / ( 1 - c ^ ) . Then expected u t i l i t y i s 

(7) G(e) = p 1 [ a j g ( 5 ] + e ) + ( 1 - a ] ) g ( 6 2 c 2 ( a 1 ) ) ! 

2 1 2 1 2 1 2 1 
+ P 2 ( a 1 ( a 1 / a 1 )g(c 1 +€)+a 1 ( 1 - a 1 / a p g ( c 1 - e ) 

+ ( 1 - a ^ ) g ( 6 2 c 2 ( a 2 ) ) j 
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where a ^ ^ ^ i s the p r o b a b i l i t y c o n d i t i o n a l on a = / t h a t a type 1 

agent contacts the machine e a r l y enough to get the r e t u r n (c .+€) , 

whi le ( 1 - a j / a 2 ) i s the p r o b a b i l i t y t h a t he i s too l a t e and gets 

only ( c . - c ) . 

The d e r i v a t i v e o f G wi th respect to e eva luated at e = 0 

i s 

(8) G'(0) = p ^ H U 1 ) + p 2 (2cxJ-a^)H(a 2 ) 

where H(o k ) = g ' ( c j ) - 62R2g'{&2c^(ak)). S ince c ( a k ) i s the 

-1 k -1 

s o l u t i o n to maximizing (5) sub ject to (6) and c.{a ) = c^, i t 

s a t i s f i e s 

(9) P 1 c j H ( a 1 ) + p 2 a^H(a 2 ) = 0. 

S u b s t i t u t i n g from (9) i n t o ( 8 ) , G'(0) = p 2 2 ( a J - a 2 ) H ( a 2 ) . S ince 

1 2 k 
a 1 < ay g'' < 0 , and c (a ) s a t i s f i e s (6) a t e q u a l i t y , i t f o l l o w s 

from the d e f i n i t i o n o f H(a k ) that H(o 2 ) < H ( a 1 ) . Th i s i n e q u a l i t y 

and (9) imply that H(a 2 ) < 0 , which i m p l i e s G'(0) > 0.A 

Note t h a t t h i s p r o p o s i t i o n does not d e s c r i b e an e q u i l i b 

r ium. That i s , even f o r the s imple K = 2 case, I have not found 

an arrangement that maximizes expected u t i l i t y s u b j e c t to c o n d i 

t i o n s ( i ) - ( i i i ) that are p a r t of the e q u i l i b r i u m concept . How

ever , s i n c e f o r some economies, I have found an arrangement that 

s a t i s f i e s those c o n d i t i o n s and g i v e s h igher expected u t i l i t y than 

any f e a s i b l e arrangement that does not make consumption depend on 

the order in which agents contact the c e n t r a l l o c a t i o n a t t = 1, I 

can conclude that f o r those economies any e q u i l i b r i u m arrangement 

d i s p l a y s such dependence. 
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Although t h i s dependence property o f an e q u i l i b r i u m has 

been e s t a b l i s h e d only f o r a very s p e c i a l c l a s s of economies, i t 

almost c e r t a i n l y holds q u i t e g e n e r a l l y . Arrangements t h a t do not 

d i s p l a y such dependence n e c e s s a r i l y l i m i t randomness to date 2 

consumption. In g e n e r a l , h igher expected u t i l i t y should be 

ach ievab le us ing arrangements that s h i f t some o f the randomness to 

date 1 consumption even i f such s h i f t i n g i s accomplished by i n t r o 

ducing a new source o f randomness, dependence on o r d e r i n g - - t h a t by 

i t s e l f i s u t i l i t y r e d u c i n g . Indeed, a p l a u s i b l e c o n j e c t u r e i s 

that aggregate randomness in the d e s i r e d i n t e r t e m p o r a l p a t t e r n o f 

consumption and some v e r s i o n o f the i s o l a t i o n assumption are in 

genera l s u f f i c i e n t to imply that e q u i l i b r i u m arrangements i n v o l v e 

some dependence o f r e t u r n s on the order in which people withdraw. 

Note, in t h i s c o n n e c t i o n , that events under an e q u i l i b 

rium arrangement i n which r e t u r n s are a decreas ing f u n c t i o n of 

e a r l i e r withdrawals match q u i t e w e l l the q u a l i t a t i v e f e a t u r e s of 

U.S. banking exper ience d u r i n g the n i n e t e e n t h c e n t u r y . In p a r t i 

c u l a r , dur ing suspension e p i s o d e s , those who withdrew l a t e , a f t e r 

suspension o c c u r r e d , r e c e i v e d a lower r e t u r n — t h e i r checks passed 

at a d i s c o u n t — t h a n those who were a b l e to withdraw e a r l y . Under 

t h i s i n t e r p r e t a t i o n , suspension episodes are i d e n t i f i e d w i t h h i g h 

r e a l i z a t i o n s o f c^, not w i t h runs in the sense o f type 2 agents 

c l a i m i n g to be type 1 agents . 

That i n t e r p r e t a t i o n can be pursued f u r t h e r to account 

both f o r the search f o r b e t t e r banking arrangements—in p a r t i c u 

l a r , f o r ones under which suspensions do not occur—and f o r the 

banking d i f f i c u l t i e s of the e a r l y 1930s in the U.S. As regards 
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the former, s i n c e some d e p o s i t o r s dur ing suspension episodes 

rece ived lower r e t u r n s than o t h e r s s imply because they happened to 

withdraw l a t e r , s i n c e economies s u b j e c t to aggregate randomness o f 

withdrawal demand and some v e r s i o n o f the i s o l a t i o n assumption are 

q u i t e c o m p l i c a t e d , and s i n c e the p e r s p e c t i v e on f e a s i b l e a r r a n g e 

ments provided by the model was not a v a i l a b l e , i t i s not a t a l l 

s u r p r i s i n g that there was a c o n t i n u a l search f o r b e t t e r banking 

arrangements . 5 As regards the l a t t e r , a v e r s i o n o f the view s e t 

out by Friedman and Schwartz [1963, p. 329] can be adopted. 

According to them, once the Federa l Reserve System was c r e a t e d , 

suspension by i n d i v i d u a l banks and groups o f banks became a l e s s 

v i a b l e o p t i o n , even though, c o n t r a r y to what was wide ly presumed, 

no r e l i a b l e mechanism to r e p l a c e suspension was in f a c t put i n t o 

p l a c e . When that presumption was tes ted and found not to be 

correct—when, in terms o f the model, people learned t h a t the 

arrangement in p l a c e d i d not s a t i s f y e q u i l i b r i u m c o n d i t i o n 

( i i i . c ) — t h e n d e p o s i t s became a l e s s d e s i r a b l e form in which to 

hold w e a l t h . 0 

5. Concluding Remarks 

S ince the main purpose o f a model l i k e that d e s c r i b e d 

above i s the a n a l y s i s o f a l t e r n a t i v e banking arrangements or 

p o l i c i e s , I want to p o i n t out that there are v e r s i o n s o f r e g u l a 

tory and other p o l i c i e s t h a t , i n c o n t r a s t to the Diamond-Dybvig 

v e r s i o n o f d e p o s i t insurance , are f e a s i b l e in the model. Bank 

c a p i t a l can be modeled as the s e t t i n g a s i d e a t t = 0 o f some 

pooled i n p u t , the r e t u r n s from which are pa id out to other than 

shareholders and a t other than date 2 only in unusual c i r c u m -
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s t a n c e s . A complete d e s c r i p t i o n , c e r t a i n l y o f c a p i t a l r e q u i r e  

ment, c a l l s f o r s p e l l i n g out those c i r cumstances . F e a s i b l e v e r 

s ions of d e p o s i t insurance can a l s o be f o r m u l a t e d . For example, a 

d e p o s i t insurance agency could promise to meet date 2 o b l i g a t i o n s 

not met by i n t e r m e d i a r i e s , w i t h the promise backed by a cont ingent 

tax on nondeposit wealth a t t = 2. However, w h i l e f o r m u l a t i n g 

such p o l i c i e s i s r e l a t i v e l y easy, a n a l y z i n g t h e i r consequences i s 

n o t . 

F i r s t , such p o l i c i e s have a p o t e n t i a l r o l e only i n the 

v e r s i o n of the model w i t h aggregate randomness. To e s t a b l i s h an 

a c t u a l r o l e , t h e r e f o r e , i t would have to be shown t h a t they i m 

prove upon the best n o n t r i v i a l suspension p o l i c y . Note, by the 

way, that s i n c e i t was shown above that d e s i r a b l e arrangements 

have r e t u r n s dependent on the order in which agents appear, one 

would not want to prec lude such dependence a p r i o r i — e v e n though 

a c t u a l d e p o s i t insurance systems seem t o . 

Second, to the extent p o s s i b l e , i t i s d e s i r a b l e to avo id 

having c o n c l u s i o n s about such p o l i c i e s depend on nonrobust and 

i n e s s e n t i a l f e a t u r e s o f the model. For example, the ex post 

u t i l i t y f u n c t i o n s , the u h , used above d i s p l a y constant marg ina l 

r a t e s o f s u b s t i t u t i o n , the 6^. A consequence i s that schemes that 

f o r c e agents a t t = 0 to h o l d any wealth that i s c o n v e r t i b l e i n t o 

consumption only a t t = 2—as would happen under a c a p i t a l r e 

quirement—are c o s t l y in terms of expected u t i l i t y . However, such 

schemes would not n e c e s s a r i l y be c o s t l y w i t h more p l a u s i b l e 

"smooth" ex post p r e f e r e n c e s . 7 Another nonrobust and i n e s s e n t i a l 

feature o f the model i s i t s s i n g l e , n o n s t o c h a s t i c i n t e r t e m p o r a l 
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technology . A r i c h e r s p e c i f i c a t i o n would permit the model to 

address the moral hazard aspects o f some d e p o s i t insurance 

schemes. 

A g e n e r a l i z e d v e r s i o n o f the model would, by the way, 

have i m p l i c a t i o n s c o n s i s t e n t w i t h some o f the main f e a t u r e s of the 

U.S. banking exper ience under the d e p o s i t insurance scheme put 

i n t o p l a c e in 1934. Leaving a s i d e the wel l -known moral hazard 

aspects of the scheme, those f e a t u r e s a r e : no suspensions o f any 

k i n d , no bank runs, and genera l s a t i s f a c t i o n w i t h the scheme. I f 

the model were amended to i n c l u d e s u f f i c i e n t nondeposit wealth at 

t = 2 to make c r e d i b l e the k ind o f d e p o s i t insurance d e s c r i b e d 

above, then under a v e r s i o n o f such i n s u r a n c e , i t c o u l d account 

f o r those f e a t u r e s . The insurance could f u l l y s u b s t i t u t e f o r 

l i m i t i n g the t o t a l o f t ime 1 w i t h d r a w a l s . And, i f i t i s s p e c i f i e d 

to p r o h i b i t r e t u r n s dependent on o r d e r i n g , as a c t u a l insurance i s , 

then such r e t u r n s would not be observed. F i n a l l y , a l though depen

dence on o r d e r i n g might be d e s i r a b l e , t h i s would not be recognized 

un less a connect ion were made between the magnitude o f (date 1) 

r e t u r n s on d e p o s i t s and the e f f e c t i v e p r o h i b i t i o n o f n o n t r i v i a l 

suspension—a connect ion that i s d i f f i c u l t to make i n the absence 

o f the model. 

In my v iew, the e s s e n t i a l i n g r e d i e n t s o f the model, ones 

that should be maintained in an a n a l y s i s o f banking arrangements, 

are i t s s p e c i f i c a t i o n o f preferences that leads people not to want 

to precommit to s p e c i f i c i n t e r t e m p o r a l p a t t e r n s o f consumption, 

aggregate r i s k concerning that p a t t e r n , the g o o d s - i n - p r o c e s s 

aspect o f the technology , some v e r s i o n o f the i s o l a t i o n assump-
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t i o n , and p r i v a t e i n f o r m a t i o n . As the above d i s c u s s i o n suggests , 

much remains to be done in e x p l o r i n g f r u i t f u l ways o f embedding 

those f e a t u r e s i n t o complete models that a l l o w one to conduct 

d i s c i p l i n e d d i s c u s s i o n s of a l t e r n a t i v e banking arrangements. 

Diamond and Dybvig a r e , I t h i n k , to be c r e d i t e d w i t h being the 

f i r s t to p o i n t out a way o f doing t h a t . 
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Footnotes 

^ i n c e the model d e s c r i b e s an e n t i r e economy, the ma

chine must be regarded as the c o n s o l i d a t e d banking-bus iness s e c t o r 

o f t h a t economy. 

2 There i s an important i r r e v e r s i b i l i t y or g o o d s - i n -

process aspect o f the technology. The marg ina l r e t u r n R 2 , between 

t = 1 and t = 2, i s a v a i l a b l e only by a d j u s t i n g X. I t i s not 

a v a i l a b l e de novo as a one-per iod technology us ing output o f time 

1 good as i n p u t . I assume that no such one-per iod technology i s 

a v a i l a b l e , a l though that assumption could be r e l a x e d without 

a f f e c t i n g the r e s u l t s . 

3 A more s t r a i g h t f o r w a r d way to produce aggregate random

ness i s to have a f i n i t e number of agents wi th type i d e n t i c a l l y 

and independently d i s t r i b u t e d among them. 

"*It s a t i s f i e s ( i i i . a ) because g iven the i s o l a t i o n a s 

sumption and the r u l e , any d e v i a t i o n a t t = 0 g i v e s the agent some 

" 1 "2 

weighted average o f ( R ^ R ^ ) and (CyC^) w i t h l e s s than f u l l 

weight on the l a t t e r . 

3 Note that I am suggest ing that banks and d e p o s i t o r s 

behaved as p o s t u l a t e d by the model even though no one knew the 

model. Banks faced wi th meeting random withdrawals s e q u e n t i a l l y 

could e a s i l y be led to adopt suspension p o l i c i e s — i n p a r t , as some 

s a i d , to p r o t e c t bank a s s e t s . Depos i tors would be led to h o l d 

d e p o s i t s even knowing t h a t suspensions might occur f o r e x a c t l y the 

reasons d e s c r i b e d by the model; namely, that d e p o s i t s have a 

r e l a t i v e l y h igh pecuniary r e t u r n in some c i rcumstances . D e p o s i 

t o r s would not need to view themselves as shar ing r i s k w i t h other 

d e p o s i t o r s . 



These remarks should not be construed as suggest ing 

that the model be judged by how w e l l i t matches h i s t o r i c a l 

events . Such matching i s r e l e v a n t in d e c i d i n g between t h i s and 

other models that a l s o permit one to analyze a l t e r n a t i v e p o l i c i e s 

toward bank ing . 

7 J a c k l i n [1987] e x p l o r e s the consequence o f such p r e f e r 

ences in a v e r s i o n o f the model w i t h markets in a s s e t s a t t = 1. 
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