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ABSTRACT 

In this paper we study the incentives of banks to share their Automatic Teller Machines (ATMs) when they are competitors 
in the market for deposits. We construct a stylized model of banking competition which emphasises the distinctive features 
of ATM compatibility. We find that in equilibrium either a strict subset of banks share their ATMs or total incompatibility 
prevalls. We also derive the implications on ATM compatlblity of withdrawal fees, Interchange bank fees, entry, and 
deposltor switchlng costs. Finally, we investígate the normativo implications of our model and draw some pollcy conclusions. 



SHARED ATM NETWORKS AND BANKING 
COMPETITION 

C a r m e n M o t u t e s 

A. J o r g e Pad i l l a 

I. I n t r o d u c t i o n 

T h e use o f A T M n e t w o r k s as a c o m p e t i t i v e device 

in re ta i l banking is w i d e l y a k n o w l e d g e d . A cu rso ry l o o k 

at f inancial magazines, newspapers , and banks' o w n 

b rochu res reveáis t ha t banks heavi ly adver t lse t h e size 

o f t h e n e t w o r k t h a t t h e i r cus tomers can access. A s an 

Instance o f t h e g r o w l n g i m p o r t a n c e o f A T M s , t h e n u m -

ber o f deb i t cards in t h e U.S. has t r i p l e d du r i ng t h e 

I980s. D r a w i n g again o n t h e U.S. expe r i ence , banks 

have f o l l o w e d d i f f e ren t s t ra teg ies o v e r t i m e w i t h res-

pec t t o t h e i r A T M faci l i t ies. In an ini t iai m o m e n t ( du 

r ing t h e 70's) t h e y invested large amoun ts t o establish 

t h e i r o w n p r o p r i e t a r y n e t w o r k s . M o r e r e c e n t l y , 

banks' p r o p r i e t a r y n e t w o r k s s ta r t ed a process o f c o n 

sol ida t ion t h r o u g h shar ing ag reements t ha t st i l l c o n 

t inúes t o d a y ' '2 . T h e fo rces under l y ing th is l a t te r de -

v e l o p m e n t cons t i t u t e t h e o b j e c t o f o u r analysis. 

In th is paper w e s tudy t h e incent ives o f banks t o 

share t h e i r A T M n e t w o r k s w h e n t h e y are i m p e r f e c t 

c o m p e t i t o r s in t h e m a r k e t f o r depos i ts . W e also c o n -

s ider t h e impl ica t ions o n A T M compa t i b i l i t y o f f i xed 

w i t h d r a w a l fees, in te rchange bank fees, and d e p o s i t o r 

sw i t ch ing costs. Finally, w e assess t h e impac t o f p o -

ten t ia l e n t r y and publ ic regu la t i on o n compa t i b i l i t y 

decisions. 

In o u r m o d e l , depos i to rs valué a lager A T M n e t w o r k 

f o r t w o reasons: First , because i t faci l i tates a b e t t e r 

access t o t h e i r depos i ts w h e n t h e y need cash unex -

pected ly . D e p o s i t o r s are t h e r e f o r e w i l l i ng t o accept 

l o w e r i n te res t rates o n t h e i r depos i ts in o r d e r t o have 

access t o a larger n e t w o r k ( the network ef fect) . Se-

cond , compa t i b i l i t y b e t w e e n banks' A T M s impl ies t h a t 

depos i to rs can s imul taneously benef i t f r o m t h e c o n -

ven ien t loca t ion o f a bank A T M and t h e high rates 

paid by a r ival compa t i b l e bank. Thus, compa t ib le banks 

become b e t t e r subst i tu tes f o r each o t h e r (subst/tut/on 

effect). 

T h e n e t w o r k e f fec t encourages banks t o invest in 

t h e i r A T M n e t w o r k and also favours t h e s ignature o f 

a g r e e m e n t s t o s h a r e p r i v a t e l y o w n e d A T M 

n e t w o r k s 3. O n t h e o t h e r hand, t h e subs t i t u t i on ef fect 

enhances pr ice r iva l ry in t h e m a r k e t f o r deposi ts , and 

henee makes banks less w i l l i ng t o establish c o m p a t i 

b i l i ty ag reements4 . This l a t te r e f fec t is m o r e i m p o r -

tan t , and henee compa t i b i l i t y less l ikely, t h e m o r e t r a n -

sactions w i t h banks can be d o n e t h r o u g h A T M s . 

W e investígate t h e t r ade -o f f b e t w e e n t h e n e t w o r k 

and t h e subs t i t u t i on effeets in a se t t ing w h e r e r ival 

banks f i rs t agree o n a compa t i b i l i t y reg ime and t h e n 

1 See James J. M c A n d r e w s (1991 ) . 
2 See «End o f t he line f o r t he A T M ! » . The fianker, page 6 1 , May 1992. 
3 Hef fernan (1992) r e p o r t s ev idence t h a t shows h o w the prov is ión o f A T M facil i t ies l owers t h e in terest ra te o f fe red on c u r r e n t accounts. In fact, f o r some 

deposi ts, depos i to rs f o r e g o 0.1 pe rcen t in in teres t f o r th is reason. 
4 T o i l lustrate t he subs t i tu t ion ef fect , suppose f o r instance tha t bank A is t he on ly one t o have an A T M in a given ne ighbo rhood o f a t o w n . In t he presence 

o f posi t ive t r anspo r t costs, bank A has a clear c o m p e t i t i v e advantage in t ha t ne ighbo rhood w i t h respect t o any o t h e r bank opera t ing in t h e same t o w n . H o w e v e r , 
if bank A a l lows cus tomers o f r ival banks t o use its A T M tha t compe t i t i ve edge disappears. This is because t he accessibil i ty t o t he funds depos i ted by t he inhabitants 
o f t ha t ne ighbo rhood becomes idént ica! w h e t h e r t h e y pa t ron ize bank A o r any o t h e r bank w i t h wh i ch A shares its A T M . 



c o m p e t e in depos i t rates. W e f ind tha t , in equ i l i b r i um, 

e i t he r a s t r i c t subset o f banks share t h e i r n e t w o r k s 

(i.e., par t ia l compat ib i l i ty) o r t o t a l incompat ib i l i ty p r e -

vails. O f course , par t ia l c o m p a t i b i l i t y is m o r e l ikely 

w h e n t h e n e t w o r k e f fec t is large and t h e subs t i t u t i on 

ef fect n o t v e r y i m p o r t a n t . In terest ing ly , fu l l compat i 

bi l i ty does n o t ob ta in in equ i l i b r i um desp i te t h e ab-

sence o f exp l i c i t costs o f s tandard iza t ion and t h e ex 

ante s y m m e t r y o f banks ' A T M n e t w o r k s s . This is be-

cause under ful l c o m p a t i b i l i t y n o bank obta ins a ne t 

w o r k advantage o v e r its r ivals, b u t s imply all banks 

become b e t t e r subs t i tu tes f o r each o t h e r . T h e r e f o r e , 

c o m p e t i t i o n is made t o u g h e r and banks' p ro f i t s l o w e r 

than under i ncompa t ib i l i t y . 

W e also s h o w t h a t banks can use compa t i b i l i t y 

agreements t o exe lude rivals f r o m t h e m a r k e t w h e n 

t h e n e t w o r k e f fec t is suf f ic ient ly large. Simi lar ly, i n -

c u m b e n t banks may choose t o b e c o m e compa t i b l e t o 

ob ta in a n e t w o r k advantage o v e r po ten t ia l en t ran ts 

and so d e t e r f u r t h e r entry i n t o t h e m a r k e t . In teres

t ing ly , t h e t h r e a t o f e n t r y may lead t o ful l compa t i b i l i t y 

among i ncumben t banks in equ i l i b r i um even in t h e 

presence o f laws p r e v e n t i n g exc lus ión f r o m t h e c o m 

pat ib le n e t w o r k . Th is is because ful l compa t i b i l i t y 

a l lows i ncumben t banks t o c red ib l y c o m m i t t o f ie rce 

p o s t - e n t r y c o m p e t i t i o n thus l o w e r i n g t h e e x p e c t e d 

p ro f i t s o f any po ten t i a l en t ran t . 

Full compa t i b i l i t y may also character ise t h e equ i l i 

b r i u m o u t e o m e o f o u r t w o - s t a g e game w h e n banks 

impose pos i t ive w i thdrawa l fees ( tha t is, t ransac t ion 

fees charged t o d e p o s i t o r s o f o t h e r compa t i b l e banks 

f o r t h e use o f one 's o w n A T M ) , o r interchange fees 

( that is, t h e fees paid t o t h e o w n e r o f an A T M by 

ano the r n e t w o r k m e m b e r w h e n e v e r t h e depos i to rs 

o f t h e la t te r bank use t h e f o r m e r ' s A T M s ) are esta-

b l ished. Banks can use b o t h kinds o f fees t o l im i t t h e 

subs t i t u t i on e f fec t o f compa t ib i l i t y , and also t o a p p r o -

p r ia te pa r t o f t h e n e t w o r k e x t e r n a l i t y t ha t t h e y ge

né ra te o n depos i to rs , i.e., t o make compa t i b i l i t y agree

men ts m o r e a t t rac t i ve 6. 

A n i m p o r t a n t fea tu re o f o u r analysis is t h a t i t in -

c o r p o r a t e s switching costs f o r depos i t o rs7 . Sw i t ch ing 

costs re lax c o m p e t i t i o n in t h e m a r k e t f o r depos i ts 

w h i c h helps banks t o a p p r o p r i a t e t h e n e t w o r k e x t e r 

nal i ty gene ra ted t h r o u g h compa t i b i l i t y8 . H o w e v e r , 

t h e i r re laxa t ion ef fect o n t h e s t r eng th o f c o m p e t i t i o n 

is g r e a t e r w h e n all banks remain incompat ib le , w h i c h 

makes compa t i b i l i t y ag reements less compe l l i ng . W e 

p r o v e t ha t w h e n t h e p r o p o r t i o n o f l ocked- in d e p o 

s i to rs in t h e m a r k e t is n o t t o o large, t h e second ef fec t 

domina tes and thus sw i t ch ing costs reduce t h e incen

t ives o f banks t o b e c o m e compa t ib le . 

T h e i n t r o d u c t i o n o f sw i t ch ing costs also a l l ows us 

t o dist inguish b e t w e n banks w i t h asymmet r i c cus to -

m e r bases. In th is case, numer ica l c o m p u t a t i o n s s h o w 

t h a t a large bank9 pre fers compa t i b i l i t y w i t h a small 

bank ra the r than w i t h ano the r large bank w h e n t h e 

subs t i t u t i on e f fec t induced by compa t i b i l i t y is small and 

t h e n e t w o r k ef fect large enough . T h a t is, w h e n in 

t e r m s o f increased c o m p e t i t i o n , i t is m o r e cos t l y t o 

le t t h e o pr ior i m o r e aggressive bank ( w i t h sw i t ch ing 

costs, t h e bank w i t h a smal ler capt ive m a r k e t ) ou ts ide 

t h e compa t i b i l i t y ag reement . 

O u r paper is re la ted t o t h e l i t e ra tu re o n s t ra teg ic 

c o m p e t i t i o n in t h e m a r k e t f o r depos i ts , and also t o 

t h e ex is t ing studies o n compa t i b i l i t y and standardiza

t i o n . W i t h respec t t o banking c o m p e t i t i o n , o u r paper 

5 O f course, i t is we l l k n o w n tha t (Katz and Shapiro 1985) a large f i r m may re jec t a compat ib i l i t y proposal because i t cou ld lead t o a loss o f the c o m p e t i t i v e 
advantage der ived f r o m its re la t ive ly larger n e t w o r k . 

6 W i t h d r a w a l fees, h o w e v e r , are n o t much used in pract ice. For instance, the w i t h d r a w a l fees among Lloyds Bank, Barclays Bank and o t h e r compat ib le U.K. 
banks are set equal t o z e r o (see t he b o o k l e t « O u r Bank Charges f o r Personal Cus tomers» ed i ted by Lloyds Bank, N o v e m b e r 1992). Sect ion 111.4 p rov ides a 
potent ia l exp lanat ion f o r t he lack o f use o f these fees in n e t w o r k s w h e r e banks already pay in terchange fees. 

7 The impor tance o f sw i tch ing costs in banking has been extens ive ly recognised by b o t h p rac t i t ioners and theor is ts . As an example o f t he v i e w of p rac t i t i oners , 
see t he Financial Times 15 & 16 June 1991 and Ca lem (1992) . Examples o f t he theore t i ca l approach are K l e m p e r e r (1987) , Gr i l l i (1990) , Ausube l (1991) , Padilla 
(1992) and references t h e r e i n . 

8 K lempe re r (1987) and Padilla (1992) s h o w that , in a ma tu re marke t , sw i tch ing costs d o re lax c o m p e t i t i o n since they make marke t demand less elastic. Sharpe 
(1991) shows tha t t he p red ic t ions o f th is t h e o r y are consistent w i t h the evidence f r o m the U.S. bank depos i t marke t . 

9 T h e r e are many d i f fe rent ways o f def in ing a bank's size. H e r e , w e cons idered tha t t he size o f t he bank is given by the size of its capt ive marke t . 



is one o f t h e f i r s t t o include non -p r i ce c o m p e t i t i o n 
e lements in t h e m a r k e t f o r depos i ts and t o s tudy ban-
k ing c o m p e t i t i o n w h e n some depos i t o r s are l ocked -
in10. 

In re la t ionsh ip t o p rev ious studies o n compa t i b i l i t y , 

A T M c o m p a t i b i l i t y presents several d is t inc t i ve fea tu -

res re la t ive t o c o m p a t i b i l i t y in o t h e r industr ies: First , 

t h e n u m b e r o f A T M s d e t e r m i n e s t h e re levan t size o f 

t h e n e t w o r k as o p p o s e d t o t h e n u m b e r o f users " . 

Indeed, o n e should e x p e c t an inverse re la t ionsh ip b e t -

w e e n t h e n u m b e r o f users pe r A T M and t h e u t i l i t y o f 

a d e p o s i t o r (d iseconomies o f conges t ión ) l2. Second, 

sharing ag reemen ts invo lve i m p o r t a n t c o m p e t i t i v e ef-

fects w h i c h are i ndependen t o f t h e re la t i ve size o f 

p r o p r i e t a r y n e t w o r k s . N a m e l y , f o r a g iven n e t w o r k 

size, A T M c o m p a t i b i l i t y makes banks b e t t e r subst i -

t u tes f o r o n e ano the r . T h e e x t e n t t o w h i c h c o m p e 

t i t i o n is s t r e n g t h e n e d depends o n t h e p r o p o r t i o n o f 

t h e t ransact ions w i t h banks t h a t depos i t o r s can d o 

t h r o u g h A T M s . A s long as n o t all t ransact ions can be 

done using A T M s , c o m p a t i b l e banks remain part ia l ly 

d i f f e ren t ia ted . O n t h e c o n t r a r y , in Farre l l and Salo-

ner (1986) c o m p a t i b i l i t y necessari ly leads t o an absen-

ce o f d i f f e ren t i a t i on , w h i l e in Ma tu tes and Regi-

b e a u ( l 9 8 8 ) c o m p a t i b i l i t y leaves t h e deg ree o f d i f fe

ren t i a t i on unchanged. 

T h e fact t h a t w e d o n o t impose c o m p a t i b i l i t y dif-

fe ren t ia tes o u r m o d e l f r o m o t h e r s tudies o n A T M s . 

For instance, G i l b e r t (1990) studies o p t i m a l t rans fe r 

payments w i t h i n a compa t i b l e n e t w o r k . L i kew ise , Eco-

nomides and Salop (1992) cons ider t h e w e l f a r e imp l i -

cat ions o f a l te rna t ive m a r k e t s t r uc tu res in a f r a m e -

w o r k w h e r e consumers de r i ve u t i l i t y f o m t h e services 

o f a sys tem and compa t i b i l i t y prevai ls. 

T h e rest o f t h e paper is o rgan ized as f o l l o w s . 

Sect ion II presents t h e m o d e l . Sect ion III discusses t h e 

main resul ts o f t h e paper . In sec t ion IV w e cons ider 

t h e n o r m a t i v e impl ica t ions o f o u r analysis and w e d r a w 

some po l icy conclusions. Sect ion V conc ludes. 

I I . T h e m o d e l 

T h e r e are t h r e e banks A , B, and C symmet r i ca l l y 

located in a c i rc le l3. W e assume t ha t each bank has a 

single branch and a single A T M located at its b ranch. 

T h e c i rc le represents a t o w n w h i c h is subd iv ided i n t o 

t h r e e ne ighborhoods , each o f un i t l eng th . Each bank 

c o m p e t e s f o r t h e deposi ts o f individuáis loca ted in t w o 

o f these ne ighborhoods . A c c o r d i n g l y , n e i g h b o r h o o d ij 

is t h e n e i g h b o r h o o d w h e r e banks i and j c o m p e t e w i t h 

each o t h e r . 

10 Ne lson (1985) ¡s ano the r s tudy o n non-p r i ce c o m p e t i t i o n in banking. T h e impor tance o f non-p r i ce c o m p e t i t i o n e lements in banking has been tes ted empir ica l ly 
by Hef fernan (1992 ) . 

11 Mos t o f t he l i t e ra tu re on compat ib i l i t y , see f o r instance Katz and Shapiro (1985) and Farrel l and Saloner (1985, 1986), focused o n n e t w o r k ex te rna l i t i es 
t ha t depend o n t h e number o f users o f a g iven techno logy . 

12 T h e n u m b e r o f po ten t ia l users o f an A T M may d e t e r m i n e , howeve r , t h e wi l l ingness o f a bank t o adop t o r enlarge its n e t w o r k t h r o u g h its ef fect o n costs. 
Saloner and Shepard (1991) investígate h o w a f i rm 's e x p e c t e d t i m e unt i l adop t i on o f A T M techno logy depends o n b o t h t he n u m b e r o f locat ions i t serves ( n e t w o r k 
ef fect ) and t h e n u m b e r o f its users ( p r o d u c t i o n scale ef fect ) . T h e i r empir ica l f indings suppor t t ha t t he f o r m e r has a larger impact than t he la t te r . In t h e same 
vein, The Amer ican Ranker (6 O c t o b e r 1990) concludes t ha t t he i n t r oduc t i on o f A T M s a t t emp ts t o p rov ide a b e t t e r service ra the r than t o reduce costs. 

13 See sect ion 111.2 and n o t e 2 2 f o r a discussion o f t he general n-bank case. 



F i g u r e I. T h e mode l 

Banks play a t w o stage game. A t stoge one, each 
bank proposes a c o m p a t i b i l i t y ag reemen t w h i c h states 
t h e banks w i t h w h i c h i t ¡s w i l l i ng t o share its A T M . 
T h e set o f feasible c o m p a t i b i l i t y proposals f o r bank i 
's ( ( ' ) ; O-j); O- j»m)} w h e r e i, j , nn= A , B, C and 
i ^ j ^ m . Proposal ( i ) impl ies t h a t bank i's A T M r e -
mains incompat ib le . Proposal ( i , j ) indicates t h a t bank 
i is on ly w i l l i ng t o share its A T M w i t h b a n k j (a s imi lar 
i n t e r p r e t a t i o n is g iven t o ( i , m ) ) . Finally, bank i p r o 
poses ( i , j , m ) w h e n i t is on l y w i l l i ng t o share its A T M s 
if ful l compa t i b i l i t y prevai ls ( t ha t is, if all banks share 
t h e i r A T M s w i t h each o t h e r ) . C o m p a t i b i l i t y b e t w e e n 
any subset o f banks requ i res t h e ag reemen t o f all banks 
in t ha t subset. O t h e r w i s e , i ncompa t ib i l i t y prevai ls. 

invest t h e proceed ings o f t h e i r depos i ts and ob ta in an 
ident ica l safe ra te o f r e t u r n R pe r do l la r inves ted. A 
bank q u o t i n g ^ a t t rac ts deposi ts and obta ins p ro f i t s 
o f (R—rJO;. N o t e t ha t r] is def ined as t h e ra te 
paid t o deposi ts ne t o f charge commiss ions and o t h e r 
fees l5. 

T h e r e is a c o n t i n u u m [0 , I ] o f depos i t o r s u n i f o r m l y 
d i s t r i bu ted a long t h e c i rc le . Every d e p o s i t o r has on ly 
o n e do l la r t o invest in a bank w h i c h , f o r s impl ic i ty , w e 
assume has t o be one o f t h e banks in her ne ighbo r -
h o o d . G i ven t h e absence o f bank rup t cy r isk, and f o r 
a g iven A T M n e t w o r k size, depos i t o r s always p r e f e r 
h igher i n te res t rates o n t h e i r deposi ts . 

A t stoge two, g iven t h e n e t w o r k con f igu ra t ion t ha t 
arises f r o m t h e p rev ious stage, banks s imul taneously 
(and independen t l y ) choose depos i t rates, r¡ l4. Banks 

H o w e v e r , depos i t o r s also valué t h e size o f t h e A T M 
n e t w o r k t h e y can access. W e assume t h a t a d e p o s i t o r 
regular ly visits he r bank f o r t w o d i f f e ren t reasons: t o 

''' The o r d e r o f o u r game ref lects t he fact t ha t compat ib i l i t y decisions are natural ly l o n g - t e r m decisions t ha t cannot be easily mod i f ied . O n t h e con t ra ry , i n te res t 
rates are s h o r t - t e r m decisions t h a t may be subject t o f requen t rev is ión. 

15 W e neglect t h e doub le-s ided nature o f banking c o m p e t i t i o n (i.e. c o m p e t i t i o n f o r b o t h loans and deposi ts) by assuming t he ex is tence o f a per fec t ly c o m p e t i t i v a 
in terbank m a r k e t (see Repul lo 1992). W e also abstract f r o m o t h r isk and asymmetr ic In fo rmat ion t o focus exclusively o n banks' commerc ia l strategies regard ing 
A T M s . 



w i t h d r a w cash, w h i c h can be d o n e at any branch w i t h 

a compa t i b l e A T M , and f o r some o t h e r ac t i v i t y (e.g. 

account managemen t ) , w h i c h can on ly be d o n e at t h e 

bank w h e r e her funds are depos i t ed . T h e t r a n s p o r t 

costs associated t o each o f these t w o act iv i t ies are T 

and t respect ive ly . T and t w i l l genera l ly d i f fe r because 

depos i t o r s v is i t banks f o r e i t h e r o f these reasons w i t h 

d i f fe ren t f requenc ies . In fact , t / ( t + T ) measures t h e 

e x t e n t t o w h i c h t ransact ions w i t h a bank mus t be d o n e 

at t h e b ranch . W e t a k e t + T t o be I , and thus t i n -

dicates t h e pe rcen tage o f t h e t r a n s p o r t a t i o n cost as

sociated t o act iv i t ies t h a t canno t be done using A T M s . 

W e w i l l see t h a t t h e l o w e r t ( o r , t h e h igher T ) , t h e 

g rea te r t h e deg ree o f subst/tut/on among compa t i b l e 

banks l6. 

In add i t i on , each d e p o s i t o r needs cash unexpectedly 

w i t h pos i t i ve p robab i l i t y w h e n she is t rave l l i ng a round 

t h e c i ty . Suppose, f o r instance, t h a t each d e p o s i t o r has 

a pos i t ive p robab i l i t y o f spending some t i m e (having 

a d r ink , social iz ing, o r be ing in a business t r i p ) at any 

loca t ion , in any o f t h e t h r e e ne ighbo rhoods . (The same 

p robab i l i t y f o r each par t i cu la r l oca t ion , and each ne igh-

b o r h o o d ) . If banks' A T M s are c o m p a t i b l e t h e e x p e c t e d 

t rave l l i ng cos t is l o w e r because she can v is i t t h e nea-

rest b ranch instead o f having t o g o back t o t h e of f ice 

w h e r e he r funds are depos i t ed . T h e m o r e banks share 

t h e i r A T M s w i t h he r bank, t h e l o w e r is t h e e x p e c t e d 

cost o f having access t o her funds du r i ng t h e t r i p , and 

thus t h e g r e a t e r t h e u t i l i t y she der ives f r o m her ac

c o u n t ( t he network ef fect) . 

Let k ^ k(n¡) be t h e e x p e c t e d costs o f having access 

t o one 's funds w h e n depos i t ed in bank i du r i ng these 

u n e x p e c t e d occasions ( w h e r e ni is t h e n u m b e r o f 

A T M s at w h i c h a c u s t o m e r o f bank i can w i t h d r a w 

cash). These costs are equal t o t h e p r o d u c t o f t h e 

p robab i l i t y o f « t rave l l i ng a r o u n d t h e c i t y and needing 

cash», w h i c h equals p, t h e o p p o r t u n i t y costs o f t i m e 

and associated un i t t r a n s p o r t a t i o n costs in these c i r -

cumstances (wh i ch w e d e n o t e by s), and t h e e x p e c t e d 

t rave l l i ng distance w h e n cash is needed du r i ng t h e c i t y 

t r i p . Th is e x p e c t e d distance falls w i t h each addi t iona l 

compa t i b i l i t y ag reemen t establ ished by bank i. N o t e 

t ha t th is distance equals 3/4 if bank i is i ncompa t ib le 

w i t h t h e remain ing banks, 5 /12 if i t is c o m p a t i b l e w i t h 

just one bank, and 1/4 if fu l ! compa t i b i l i t y prevai ls. T h e -

r e f o r e ki is l o w e r t h e m o r e banks are c o m p a t i b l e w i t h 

bank i, i.e. k ( I ) > k (2 ) > k (3 ) . N o t i c e t ha t , t h e e x p e c 

t e d costs o f w i t h d r a w i n g funds du r i ng a « t r i p » depend 

o n t h e prevai l ing compa t i b i l i t y reg ime , b u t i t is i n -

dependen t o f t h e or ig ina l loca t ion o f t h e c u s t o m e r l7. 

A c c o r d i n g t o o u r p rev ious assumpt ions, t h e u t i l i t y 

o f a d e p o s i t o r located at distances dA, dB f r o m banks 

A and B respect ive ly ( d B = I — dA), and w h o pa t ron i zed 

bank A depends o n b o t h w h e t h e r A and B are c o m 

pat ib le , and o n w h e t h e r A ( o r B) is c o m p a t i b l e w i t h 

bank C. If all banks are incompat ib le , t h e u t i l i t y o f 

depos i t ing in A equals rA— k (2 ) — tdA — T min (dA, dB). 

In t h e la t te r case, t h e d e p o s i t o r can w i t h d r a w cash at 

e i t he r bank A o r B. A s a resul t , w h e n A and B are 

compa t ib le T does n o t af fect t h e cho lee o f bank by 

t h e marginal depos i t o r , even t h o u g h i t ce r ta in ly d e 

t e r m i n e s t h e t o t a l t r a n s p o r t cost t h a t t h e d e p o s i t o r 

incurs. Indeed, w h e n just A and B are c o m p a t i b l e , t h e 

marginal d e p o s i t o r is one located at x such t ha t . 

= rD 

k (2 ) — t x — T m in (x , I — x ) = 

k (2) - t ( l - x ) - T m i n ( x , l - x ) 
( I ) 

Thus, t h e t e r m conta in ing T caneéis o u t . W h e n c o m 

pat ib le banks d o n o t set equal rates, a d e p o s i t o r can 

benef i t f r o m t h e h igher ra te w i t h o u t having t o incur 

as much addi t ional t r ave l costs as she w o u l d , w e r e 

t h e y incompat ib le . T h a t is, o u r m o d e l cap tures t h e 

idea t h a t w h e n t w o banks have a c o m p a t i b l e n e t w o r k , 

depos i t o r s can c red ib l y t h r e a t e n t h e i r banks t o s w i t c h 

t o a r ival o f fe r ing a b e t t e r depos i t r a te and st i l l bene f i t 

f r o m t h e i r A T M services. A s a resul t , t h e supply o f 

funds t o compa t i b l e banks becomes m o r e elastic. In 

fact, if all business w i t h banks cou ld be d o n e t h r o u g h 

A T M s ( t = 0 ) , compa t i b l e banks at d i f f e ren t locat ions 

w o u l d b e c o m e pe r fec t subst i tu tes f o r each o t h e r . 

16 In th is respect , the Spanish m o n e t a r y au thor i t ies cons ider an A T M as half a branch f o r regu la to ry purposes, t ha t is, t = 1/2. 
17 T h e r e f o r e , k (3 ) = ps/4, k (2 ) = psSps/12, and k ( l ) = 3ps/4. 



In add i t i on , t h e r e is a n e t w o r k e x t e r n a l i t y re f lec t ing 

t h e e x p e c t e d bene f i t o f pa t ron i z ing a bank w i t h a 

larger n e t w o r k o n unpred ic tab le occasions. This ne t 

w o r k e x t e r n a l i t y cons t i t u tes a source o f d i f fe ren t ia -

t i o n a m o n g o t h e r w i s e ¡dent ical banks. T h e e x t r a qua-

l i ty , K = k ( l ) — k ( 2 ) , o f a bank c o m p a t i b l e w i t h a r ival 

re la t ive t o an i ncompa t i b l e bank equals t h e savings in 

t h e t r a n s p o r t a t i o n costs paid w h e n t rave l l i ng a round 

t h e c i t y l8. 

T h e marginal d e p o s i t o r b e t w e e n an incompat ib le 

bank ( b a n k C ) and a bank c o m p a t i b l e w i t h a r ival 

(bank A ) is loca ted at x such t h a t 

r A - k ( 2 ) - x = r c - k ( l ) - ( l - x ) (2) 

T h e r e f o r e , K has an impac t o n t h e marginal d e p o 

s i t o r w h o s e cholee is b e t w e e n an i ncompa t ib le bank 

and a bank compa t i b l e w i t h o n e r ival . D e p o s i t o r s are 

w i l l i ng t o accept a l o w e r ra te f r o m t h e l a t t e r since 

t h e y benef i t f r o m l o w e r t r a n s p o r t a t i o n costs w i t h p o -

s i t ive p robab i l i t y . H o w e v e r , K has n o impac t o n t h e 

cholee b e t w e e n t w o c o m p a t i b l e banks since t h e y b o t h 

o f fe r t h e same n e t w o r k size (see equa t i on ( I ) ) . 

Finally, w e l o o k f o r t h e Perfect Coaí i t ion-Proof Nash 

Equil ibrio (P .C.N.E. ) in p u r é s t ra teg ies o f o u r game l9. 

G i ven t ha t o u r pu rpose is t o analyse stable coa l i t ions 

among banks, coa l i t i on -p roo fness cons t i t u tes t h e m o s t 

app rop ia te equ i l i b r i um concep t . 

I I I . E q u i l i b r i u m C o m p a t i b i l i t y A g r e e m e n t s 

III. I . The second stage: compet i t ion for deposits 

T h e r e are t h r e e possible A T M n e t w o r k con f i gu -

ra t ions accord ing t o o u r p rev ious assumpt ions: fu / / 

compot ib i l i ty , i.e. each bank agrees t o j o i n a single A T M 

n e t w o r k ; por t io i compot ibi l i ty , w h e r e on ly a ( s t r i c t ) 

subset o f banks choose t o make t h e i r A T M s c o m p a 

t i b l e ; and f inal ly, i ndependen t n e t w o r k s o r incompa-

tibi l i ty. 

I t w i l l be conven ien t f o r t h e res t o f t h e analysis t o 

d e n o t e bank i's p ro f i t s as rT(3, 0) under universal c o m 

pat ib i l i ty ; n { 2 , I ) w h e n i t shares its A T M w i t h just 

a n o t h e r bank; n ( l , 2) w h e n i t c o m p e t e s against t w o 

compa t i b l e rivals; and 7 7 ( 1 , I , I ) unde r incompat ib i l i t y . 

Le t us f i r s t cons ider c o m p e t i t i o n in depos i t rates 

unde r part ia l compa t i b i l i t y . Suppose t ha t , w i t h o u t loss 

o f genera l i t y , banks A and B agree u p o n sharing t h e i r 

A T M s w h i l e bank C's n e t w o r k remains incompat ib le . 

T h e n , bank A sets a depos i t ra te rA t o max imise its 

t o t a l p ro f i t s 

" A = ( R - f A ) 

+ 

rR + t 

2 t 

+ I + K 

+ 
(3) 

/ 3 

w h e r e rA, rB and rc are t h e depos i t ra tes o f banks A , 

B, and C, respect ive ly . T h e f i r s t t e r m b e t w e e n brac-

kets gives t h e loca t ion o f t h e marginal c u s t o m e r be t 

w e e n t w o banks sharing t h e i r A T M s whe reas t h e se

cond t e r m re fe rs t o t h e loca t ion o f t h e marginal cus

t o m e r b e t w e e n banks A and C w i t h d i f f e ren t n e t w o r k 

sizes. Simi lar ly, bank B's p ro f i t s can be w r i t t e n as in (3) 

w i t h rA, rB a l te rna t ing pos i t ions, and f inal ly, t h e i n c o m 

pat ib le bank C sets a ra te rc so as t o max imise : 

+ 

rA + K 
+ 

rB + I - K 
(4) 

/ 3 

18 N o t e tha t , K = k ( l ) — k ( 2 ) = ps/3. T h a t is, t h e size o f t he n e t w o r k ex te rna l i t y increases w i t h t h e p robab i l i t y o f an unexpec ted c i ty t o u r and w i t h t h e costs 
o f t i m e and t ranspo r ta t i on dur ing th is k ind o f t ou rs . 

19 T h e concep t o f C o a l i t i o n - P r o o f Nash Equ i l ib r ium was i n t roduced by Bernhe im, Peleg and W h i n s t o n (1987) . T h e main feature o f th is equ i l i b r ium concep t is 
tha t based o n co l lec t ive ra t ional i ty . « A n ag reemen t is coa l i t i on -p roo f if and on ly if i t is Pare to ef f ic ient w i t h i n t h e class o f sel f -enforc ing agreements . In t u r n , an 
agreement is sel f -enforc ing if and on ly if no p r o p e r subset (coa l i t ion) o f players, tak ing t he act ions o f its c o m p l e m e n t as f i xed , can agree t o dev iate in a w a y tha t 
makes all o f its members b e t t e r o f f» . (Be rnhe im , Peleg and W h i n s t o n 1987). 
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Solving t h e max im isa t i on p r o b l e m f o r each bank, 

w e can s h o w (see L e m m a la in A p p e n d i x A ) t ha t if 

t h e size o f t h e n e t w o r k ex te rna l i t y , K, is n o t t o o large, 

all banks are act ive at t h e un ique ra te equ i l i b r i um w i t h 

part ia l compa t i b i l i t y . Banks w i t h compa t i b l e n e t w o r k s 

set equal rates (rA = rB = R — t ( 5 + K ) / ( 2 + 3 t ) ) and 

henee equal ly share t h e depos i t o r s in t h e ne ighbor -

h o o d w h e r e t h e y c o m p e t e w i t h each o t h e r . A s a resul t 

o f th is , t h e i r d e p o s i t o r s on l y bene f i t f r o m compa t i b i l i t y 

on special occasions; o n a regu lar basis, t h e y w i t h d r a w 

cash at t h e branch w h e r e t h e y depos i t . 

T h e m a r k e t shares o f banks w i t h d i f f e ren t n e t w o r k 

sizes are asymmet r i c as t h e y set d i f f e ren t rates ( rc = 

R - ( 3 t + ( t + l ) ( l - K ) / ( 2 + 3 t ) ± rA). T h e sign o f s u c h 

an a s y m m e t r y depends o n t h e re la t i ve s t r e n g t h o f t h e 

n e t w o r k and subs t i t u t i on effeets ( tha t is, o n t h e p r e 

cise valúes o f K and t , respec t i ve ly ) . G i ven rates, c o m 

pat ib le banks t e n d t o have a larger share than t h e i r 

i ncompat ib le r ival . Th is e f fec t tends t o make t h e m less 

aggressive. O n t h e o t h e r hand, t h e fact t h a t compa t i b l e 

banks b e c o m e b e t t e r sub t i t u tes f o r each o t h e r makes 

t h e m c o m p e t e f i e rce r l y . W h e n t h e n e t w o r k ef fect is 

re la t ive ly large ( large K ) and t h e subs t i t u t i on ef fect 

m o d é r a t e ( large t ) , banks w i t h a larger A T M n e t w o r k 

set l o w e r rates and y e t ob ta in a g r e a t e r m a r k e t share 

than t h e i r smal ler c o u n t e r p a r t s . O t h e r w i s e , t h e o p -

pos i te holds. 

W h e n t h e size o f t h e n e t w o r k ex te rna l i t y , K, is 

suf f ic ient ly large (see L e m m a I b in A p p e n d i x A ) , t h e 

m a r k e t equ i l i b r i um resul ts in t h e exclusión o f t h e in 

compa t i b l e bank f r o m t h e m a r k e t . 

T h e analysis o f c o m p e t i t i o n under t o t a l c o m p a t i 

b i l i t y and i ndependen t n e t w o r k s is qu i te s t ra igh t fo r -

w a r d . In b o t h cases, banks are und i f fe ren t ia ted a long 

t h e A T M n e t w o r k d imens ión so t h a t o u r m o d e l be-

comes t h e s tandard c i rcu lar m o d e l o f p r o d u c t d i f fe-

ren t i a t i on under d i f f e ren t un i t t r a n s p o r t costs in e i t he r 

case. These costs are equal t o one under i ncompa t i 

b i l i ty and t < I under ful l compat ib i l i t y . T h e r e f o r e , 

using standard a rguments , w e have t h a t banks' equ i 

l i b r i um p r o f i t are equal t o r r ( l , I , I ) = 1/3 unde r in 

compat ib i l i t y , and t o rT(3, 0 ) = t / 3 under ful l c o m p a 

t ib i l i t y . 

It can be s h o w n t ha t equ i l i b r i um p ro f i t s unde r dif

f e r e n t compa t i b i l i t y s t ruc tu res are such that20 

min [rT(l , I , I ) , n { 2 , I ) ] 

> n ( 3 , 0) f o r all t , K 
(5) 

t ha t is, i t is always in t h e in te res t o f a subset o f banks 

t o dev ia te f r o m a s i tua t ion o f ful l compat ib i l i t y . T h e 

r e f o r e , universal compa t i b i l i t y cannot c ons t i t u t e an 

equ i l i b r i um o u t e o m e f o r o u r game. If all banks share 

t h e i r n e t w o r k s none o f t h e m obta ins an n e t w o r k ad-

vantage so t h a t t h e on ly ef fect o f compa t i b i l i t y is t o 

reduce t h e e f fec t ive degree o f ho r i zon ta l d i f fe ren t ia -

t i o n among banks. A s a resul t , c o m p e t i t i o n gets t o u g -

her and banks are unable t o internal ise t h e pos i t i ve 

n e t w o r k e x t e r n a l i t y w h i c h is t h e n en t i r e l y a p p r o p r i a -

t e d by depos i to rs . I t f o l l o w s t ha t t w o compa t i b l e 

banks w o u l d always veto t h e e n t r y o f a t h i r d bank i n t o 

t h e i r c o m m o n n e t w o r k . 

T h e issue remains as t o w h e t h e r at least t w o banks 

w o u l d be w i l l i ng t o share t h e i r A T M s under ce r ta in 

cond i t i ons . T o address th is ques t ion w e need t o c o m 

pare t h e equ i l i b r i um p ro f i t s under i ncompat ib i l i t y and 

part ia l compat ib i l i t y . Th is is done in t h e f o l l o w i n g 

p r o p o s i t i o n 21. 

P r o p o s i t í o n I. For each valué o f t h e n e t w o r k 

e x t e r n a l i t y K, r T ( l , I , I ) < n { 2 , I ) if and on ly if t h e 

p r o p o r t i o n o f t h e regular business o f depos i t o r s n o t 

done t h r o u g h A T M s , t , is large enough . A s t h e ne t 

w o r k e x t e r n a l i t y rises, t h e p rev ious inequal i ty holds 

f o r a w i d e r range o f valúes o f t (i.e., f o r each K, t h e r e 

ex is ts t * ( K ) , t * (weak l y ) decreasing in K, such t h a t f o r 

all t > t * 77 ( I , I , I ) < n { 2 , I ) . For t < t , t h e o p p o s i t e 

ho lds) . 

See A p p e n d i x A f o r t h e exac t express ion f o r n(2, I ) . 
W e res t r i c t o u r a t t e n t i o n t o those valúes o f R, and k(ni) such tha t a puré s t ra tegy equ i l ib r ium exists f o r each compat ib i l i t y reg ime. 
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Proof: See A p p e n d i x A . 

T o discuss t h e i n t u i t i o n beh ind P ropos i t i on I , le t 

( / / (K ,k ) { = n 2 , \ ) - n { \ , \ , \ ) ) he t h e d i f fe rence in 

p ro f i t s b e t w e e n t h e pat t ia l c o m p a t i b i l i t y reg ime and 

t h e independen t n e t w o r k s r e g i m e f o r a bank t h a t sha-

res its A T M unde r par t ia l compa t ib i l i t y . Th is d i f ference 

is pos i t ive w h e n c o m p a t i b l e banks set l o w e r rates than 

t h e y w o u l d in an e q u i l i b r i u m w i t h incompat ib i l i t y . Tha t 

is, w h e n t h e subs t i t u t i on and n e t w o r k ef fects in te rac t 

so t h a t compa t i b l e banks become less aggressive. I t is 

easy t o s h o w t h a t th is occurs w h e n t h e n e t w o r k e f fec t 

is large enough c o m p a r e d t o t h e subs t i t u t i on ef fect . 

M o r e specif ical ly, f o r those valúes o f t such t h a t t > : t * , 

w h e r e t * is such t ha t f o r each K, ( / / ( K , t * ( K ) ) = 0 

( n o t e t ha t 5 i p / 5 t > 0 ) . M o r e o v e r , t h e s t r o n g e r t h e 

subs t i t u t i on e f fec t ( l o w t ) , t h e larger n e t w o r k e x t e r -

nal i ty K has t o be t o ensure tha t a subset o f banks is 

w i l l i ng t o share t h e i r A T M s (Le. d t * / d K < 0 ) . Th is 

t r a d e - o f f is s h o w n in f igure 2. 

\)/ < o 
Incompatibility 

\|/ > 0 

Partial Compatibility 

Va, (k, t) = 0 

V „ (k, t) = 0 

K 

F i g u r e 2 . Equi l ib r ium O u t c o m e s 

111.2. The fírst stoge: compat ib i l i ty agreements 

T h e f o l l o w i n g p r o p o s i t i o n character izes all possible 

Per fec t C o a l i t i o n - P r o o f Nash Equ i l i b r ium (P.C.N.E. ) 

o u t c o m e s f o r t h e overa l l game. Its p r o o f f o l l o w s d i -

rec t l y f r o m equa t ion (5 ) and P r o p o s i t i o n I above. 

P r o p o s i t i o n 2. Part ia l compa t i b i l i t y is t h e unique 

Per fec t C o a l i t i o n - P r o o f Nash Equ i l i b r ium o u t c o m e f o r 

o u r game w h e n d e p o s i t o r s valué re la t ive ly highly t h e 

accesibi l i ty t o t h e i r funds ( large K) and t h e p r o p o r t i o n 

o f business w i t h banks d o n e t h r o u g h A T M s is n o t t o o 

large ( large t ) . O t h e r w i s e , i ncompat ib i l i t y is t h e un ique 

Per fec t C o a l i t i o n - P r o o f Nash Equ i l ib r ium o u t c o m e f o r 

o u r game. 

Full c o m p a t i b i l i t y is n o t a P.C.N.E. o u t c o m e f o r th is 

game as w e discussed above. This resu l t ex tends m o r e 

genera l ly t o t h e n-bank case. W i t h n banks, p ro f i t s 

under ful l compa t i b i l i t y are equal t o t / n and thus l o w e r 
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t han t h e level o f p ro f i t s unde r i ncompat ib i l i t y , l /n. H e n 

ee, t h e r e is always at least one bank w i l l i ng t o dev ia te 

f r o m t h e ful l c o m p a t i b i l i t y ag reemen t . 

H o w e v e r , if banks w e r e able t o col lude in depos i t 

rates, ful l c o m p a t i b i l i t y w o u l d be obse rved in equ i l i 

b r i u m because banks cou ld t h e n fu l ly e x t r a c t t h e ad-

d i t iona l surp lus gene ra ted by compa t i b i l i t y . Th is sur-

plus cou ld also be par t ia l ly a p p r o p r i a t e d by banks 

t h r o u g h t h e use o f w i t h d r a w a l and in te rchange fees 

(see sec t ion 111.4). 

A n o t h e r i m p o r t a n t reason w h y ful l compa t i b i l i t y is 

never an e q u i l i b r i u m o u t e o m e in o u r se t t ing is t h a t 

t h e n e t w o r k e x t e r n a l i t y does n o t c réa te a m a r k e t 

expans ión e f fec t because t h e supply o f funds is c o m -

p le te ly inelast ic. If t h e n e t w o r k e f fec t led t o a larger 

supply o f depos i ts (as i t is l ike ly t o be t h e case since 

t h e r e is less need t o ho ld cash t o f inance u n e x p e c t e d 

t ransact ions) , ful l c o m p a t i b i l i t y m i g h t character ise t h e 

equ i l i b r i um o u t e o m e o f o u r game. 

Finally, t h e r e is a sense in w h i c h P r o p o s i t i o n 2 un -

ders ta tes t h e l i ke l i hood o f par t ia l c o m p a t i b i l i t y agree

ments . W e have assumed t h a t each bank had a z e r o 

p robab i l i t y o f bankruptcy. It can be argued t h a t i n t r o -

duc ing fa i lu re p robab i l i t i es w o u l d enhanee t h e l i ke l i 

h o o d o f par t ia l compa t i b i l i t y . In a spatial m o d e l . Ma

t u t e s and V ives (1991) s h o w t h a t banks peree ived as 

safer have a qua l i ty advantage, se t l o w e r rates, and 

have larger m a r k e t shares than t h e i r rivals, w h i c h in 

t u r n makes t h e pe ree ived safety sel f - fu l f i l l ing. T h e ne t 

w o r k e f fec t o f c o m p a t i b i l i t y w o u l d enlarge t h e c o m 

pat ib le banks ' m a r k e t shares so t h a t i t w o u l d f u r t h e r 

deerease t h e p robab i l i t y o f bank rup tcy . Henee, banks 

w o u l d have add i t iona l incent ives t o b e c o m e c o m p a 

t ib le . 

II 1.3. Compat ib i l i ty , ma rke t foreclosure and entry 

deterrence 

N o t surpr is ing ly , c o m p a t i b i l i t y ag reements can be 

used t o exe lude rivals f r o m t h e m a r k e t even in t h e 

absence o f economies o f seale. C o m p a t i b l e banks may 

use t h e i r n e t w o r k advantage t o steal d e p o s i t o r s f r o m 

t h e i r rivals and monopo l i se t h e m a r k e t f o r depos i ts . 

W e can s h o w (see A p p e n d i x A ) t h a t w h e n t h e ne t 

w o r k e x t e r n a l i t y K is large, an incompat ib le bank fa-

c ing compa t i b l e rivals is always exc luded against its 

w i l l f r o m t h e compa t i b i l i t y a g r e e m e n t ( r T ( l , 2 ) < 

77(3 , 0))22. M o r e o v e r , f o r K even larger , t h e i n c o m 

pat ib le bank is f o r c e d o u t o f t h e m a r k e t { n { 1, 0 ) < 

0 ) . Fo r these la t te r valúes o f K, banks in t h e c o m p a 

t i b i l i t y c lub can p ro f i t ab ly leverage t h e i r n e t w o r k ad

vantage t o fo rec lose t h e i r r ival f r o m t h e m a r k e t . 

Regarding n e w e n t r y , one m i g h t e x p e c t t h a t in p r i n 

c ip ie, compa t i b i l i t y among incumbent banks need n o t 

have a negat ive impac t o n e n t r y w h e n t h e r e are laws 

t ha t p r e v e n t A T M n e t w o r k s f r o m exc lud ing n e w ap-

pl icants. This w o u l d be precisely t h e conc lus ión o f 

mode ls such as Katz and Shapi ro (1985) w h e r e s tan

d a r d i z a r o n s imply means t h a t qua l i ty d i f ferent ia ls d i -

sappear. Remarkably , o u r m o d e l po in ts o u t in a r a t h e r 

d i f f e ren t d i r e c t i o n . By c o m m i t t i n g t o compa t i b i l i t y , 

i ncumben t banks l o w e r t h e e x p e c t e d p ro f i t s o f t h e 

w o u l d - b e en t ran t , even if exc lus ión is f o r b i d d e n , and 

may thus fo rec lose en t r y . 

T o make t h e a r g u m e n t exp l i c i t , cons ider t h e f o l l o -

w i n g e n t r y game. First , t w o i ncumben t banks dec ide 

o n compa t i b i l i t y . T h e n , upon observ ing t h e c o m p a t i 

b i l i ty con f i gu ra t i on dec ided in t h e p rev ious stage, a 

po ten t i a l e n t r a n t decides w h e t h e r t o e n t e r t h e mar 

ke t , and in case i t en te rs , i t may jo in ( i f t h a t is i ts w i l l ) 

any ex is t ing n e t w o r k . Finally, ra te c o m p e t i t i o n takes 

place b e t w e e n t h e banks in t h e m a r k e t . 

For t h e sake o f s impl ic i ty , assume t h a t t h e loca t ion 

o f banks depends upon e n t r y , so t ha t regardless o f t h e 

n u m b e r o f c o m p e t i n g banks, t h e y a re always sym-

met r i ca l l y loca ted . T h e r e is t h e n a range o f t h e sunk 

costs o f e n t r y , F, f o r w h i c h e n t r y can on ly be suc-

cessfully d e t e r r e d w h e n t h e i ncumben t banks are c o m 

pat ib le ( m a x [ n { 1, 2 ) , 77 (3 , 0 ) ] < F < 7 7 ( I , I , I ) ) . Fu r t -

22 O f course, t h e exc lus ión resu l t depends o n t h e intr insic asymmet ry o f t he t h r e e banks case. W i t h f ou r banks, w e con jec tu re t ha t t w o c o m p e t i n g n e t w o r k s 
w i l l coex is t , and m o r e in general , t h a t f o r any given number o f banks t h e r e w i l l be m o r e than one compat ib i l i t y agreement . These agreements w i l l always include 
banks w h o opé ra te in d i f fe ren t ne ighborhoods . Never the less , exc lus ión w i l l prevalí as long as t h e r e is an odd number o f banks. 
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h e r m o r e , e n t r y d e t e r r e n c e t h r o u g h c o m p a t i b i l i t y is 
p ro f i tab le w h e n t h e benef i ts f r o m exc lud ing a r ival 
o u t w e i g h t h e cos t o f b e c o m i n g a b e t t e r subs t i tu te 
w i t h t h e c u r r e n t r iva l , i.e., f o r t such t h a t n { 2 , 0) = 
t / 2 , t h e p ro f i t s u n d e r ful l c o m p a t i b i l i t y and on l y t w o 
banks in t h e m a r k e t , is la rger than r T ( l , I , I ) = 1/3, 
t h e level o f p ro f i t s f o r each o f t h r e e incompat ib le 
banks23. 

111.4. W i thd rawa í and interchange fees 

Suppose t h a t banks charge f i x e d fees associated t o 
cash w i h t d r a w a l s , o r a l te rna t i ve ly , t h a t each bank c o m -
pensates its c o m p a t i b l e rivals f o r t h e use o f t h e i r A T M s 
by its depos i to rs . W e s h o w tha t , in b o t h cases, banks 
f ind c o m p a t i b i l i t y ag reemen ts m o r e a t t r ac t i ve so t h a t 
i ncompa t ib i l i t y is n o l onger an e q u i l i b r i u m o u t c o m e . 

Le t us assume t h a t banks' c o m p a t i b i l i t y proposals 
inc lude a w i t h d r a w a í fee w >: 0, t h a t is a t ransac t ion 
fee charged t o t h e d e p o s i t o r s o f o t h e r compa t i b l e 
banks f o r t h e use o f one 's o w n A T M . Banks can use 
th is fee t o reduce t h e subs t i t u t i on e f fec t o f c o m p a 
t i b i l i t y , since i t makes m o r e expens ive t o w i t h d r a w 
cash f r o m t h e A T M s o f o t h e r c o m p a t i b l e banks o n a 
regular basis. 

O f course , se t t i ng a pos i t i ve w i t h d r a w a í fee also 
reduces t h e incent ives o f d e p o s i t o r s t o w i t h d r a w cash 
at t h e r ivals ' compa t i b l e A T M s d u r i n g t h e i r unexpec 
t e d t o u r s a round t h e t o w n . D e p o s i t o r s t rave l l i ng 
a round t h e c i t y may f ind o p t i m a l t o r e t u r n t o t h e i r 
o w n banks t o w i t h d r a w cash r a t h e r t han paying w i t h 
drawaí fees at c o m p a t i b l e banks. Consequen t l y , t h e 
es tab l ishment o f w i t h d r a w a í fees d imin ishes t h e de 
pos i t o r s ' va luat ion f o r a la rger n e t w o r k , and thus r e 
duces t h e size o f t h e n e t w o r k e x t e r n a l i t y t h a t banks 
can actual ly a p p r o p r i a t e t h r o u g h these fees. 

T h e i n t r o d u c t i o n o f w i t h d r a w a í fees also has a s t ra-
teg ic e f fec t o n banks' p r i c ing decis ions. These fees 

re lax c o m p e t i t i o n a m o n g compa t i b l e banks because 
t h e y make i t expens ive t o en large a bank's m a r k e t 
share t o t h e expense o f its compa t i b l e rivals. T h e 
larger t h e m a r k e t shares o f t h e la t te r banks, t h e grea
t e r t h e revenue raised f r o m w i t h d r a w a í fees by t h e 
f o r m e r bank. 

In A p p e n d i x B. I w e deve lop an i l lus t ra t ive examp le 
w h e r e compa t i b l e banks c o m p l e t e l y e l imínate t h e 
subs t i tu t ion e f fec t t h r o u g h t h e use o f w i t h d r a w a í fees 
so tha t , on a regu lar basis, depos i t o r s always w i t h d r a w 
cash at t h e i r o w n banks. W e s h o w t h a t banks' p ro f i t s 
under ful l compa t i b i l i t y , n w ( 3 , 0 ) , are larger than t h e i r 
p ro f i t s unde r i ncompa t ib i l i t y , n w ( l , I , I ) , since n o w 
compa t i b i l i t y has a re lax ing ef fec t o n t h e s t r eng th o f 
c o m p e t i t i o n , and compa t i b l e banks can e x t r a c t pa r t 
o f t h e or ig ina l n e t w o r k e x t e r n a l i t y and share i t among 
themselves. Every bank thus p re fe rs ful l compa t i b i l i t y 
t o incompat ib i l i t y , c o n t r a r y t o w h a t happened in t h e 
absence o f w i t h d r a w a í fees. 

H o w e v e r , banks can d o even b e t t e r if t h e y i n t r o 
duce as t h e compa t i b i l i t y stage /nterchonge fees ( t he 
fees paid by a bank t o i ts compa t i b l e rivals w h e n its 
cus tomers use t h e o t h e r banks' A T M s ) r a the r than 
w i t h d r a w a í fees. In terchange fees also re lax c o m p e 
t i t i o n among compa t i b l e banks bu t , c o n t r a r y t o t h e 
case o f w i t h d r a w a í fees, t h e y d o n o t have any negat ive 
e f fec t o n t h e d e p o s i t o r s ' wi l l ingness t o pay f o r a larger 
A T M n e t w o r k . This a l lows banks t o p r o f i t f r o m a 
larger n e t w o r k e x t e r n a l i t y than in t h e p rev ious case 
and, t h e r e f o r e , makes c o m p a t i b i l i t y ag reemen ts even 
m o r e p ro f i t ab le . 

M o r e fo rma l l y , cons ider t h e ra te se t t i ng stage under 
ful l compa t i b i l i t y w h e n banks agreed o n an in terchange 
fee, f. In th is case,, bank A earns p ro f i t s equal t o 

rtA = ( r - r A ) oA + f { ( a B - a A ) + 

+ ( a c - a A ) } p / 3 + f ( l / 3 - a A ) 
(6) 

23 Cons ide r t h e mode l o f sect ion II w h e r e on ly t w o banks c o m p e t e f o r deposi ts. These t w o banks are assumed, f o r s impl ic i ty t o be symmetr ica l ly located. If 
b o t h banks share t h e i r A T M s , t h e un i t t r a n s p o r t cost t ha t affects the cho ice o f banks o f t h e marginal depos i to rs is t < I. T h e r e f o r e , standard arguments in c i rcular 
models o f p r o d u c t d i f fe ren t ia t ion imp ly t h a t banks' p ro f i t s in these c i rcumstances, r r (2 , 0 ) , equal t / 2 . 
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w h e r e a A = [ r A - r B + t ] / 6 t + [ r A - r c + t ] / 6 t ; and aB 

and a c are s imi lar ly de f ined . T h e f i rs t t e r m in (6) is 

t h e s tandard o n e in t h e absence o f in terchange fees. 

T h e second t e r m rep resen ts t h e ne t paymen t o f bank 

A t o banks B and C f o r t h e use o f t h e i r compa t i b l e 

A T M s du r i ng t h e t r i p s o f its depos i t o r s a round t h e 

c i t y and v ice versa. Finally, t h e t h i r d t e r m re fers t o 

t h e ne t paymen t made by A t o its compa t i b l e rivals 

f o r t h e regu lar use o f t h e l a t t e r A T M s by A ' s d e p o 

s i to rs and v ice versa. (B's and C's p ro f i t s can be si

mi la r ly de f ined) . 

F r o m equa t i on (6) w e can see t h a t a larger m a r k e t 

share (e.g., a larger CTa) impl ies larger payments o f 

in terchange fees t o c o m p a t i b l e banks. In terchange fees 

t h e r e f o r e reduce t h e incent ives o f banks t o c o m p e t e 

aggressively f o r depos i ts , and consequent ly , act as a 

coun te rva i l i ng f o r c é t o t h e subs t i t u t i on e f fec t o f c o m -

pat ib i l i ty . A sui table cholee o f f n o t on ly e l iminates 

c o m p l e t e l y t h e subs t i t u t i on e f fec t b u t also imp lemen ts 

t h e j o i n t p r o f i t max im is ing ra te f o r th is compa t i b i l i t y 

reg ime. A s a resu l t , ful l c o m p a t i b i l i t y is always p r e -

f e r r e d t o i ncompa t ib i l i t y , i.e., í 7 f ( 3 , 0 ) > ^ ( 1 , I, 1), 

w h i c h can no l onger be a c o a l i t i o n - p r o o f o u t e o m e o f 

o u r game. 

M o r e o v e r , t h e p ro f i t s o f a fu l ly compa t i b l e bank in 

a n e t w o r k w i t h in te rchange fees, n r f (3 ,0 ) , are larger 

than its p ro f i t s in a n e t w o r k w i t h w i t h d r a w a l fees, 

77w(3 , 0 ) . T h e reason is t h a t banks can internal ise a 

larger n e t w o r k e x t e r n a l i t y w h e n using in terchange 

fees since (as w e discussed above and s h o w in A p -

pend ix B.2) these fees d o n o t reduce t h e depos i t o r s ' 

va luat ion f o r a larger n e t w o r k . T h e r e f o r e , w e should 

e x p e c t t o obse rve c o m p a t i b l e n e t w o r k s impos ing in 

te rchange fees r a t h e r than w i t h d r a w a l fees24. 

A d i f fe ren t issue is w h e t h e r ful l c o m p a t i b i l i t y i tself 

def ines a c o a l i t i o n - p r o o f equ i l i b r i um . Fo r t ha t t o be 

t h e case i t is needed t h a t no coa l i t i on o f t w o banks 

p re fe r t o dev ia te and exe lude a t h i r d bank f r o m t h e i r 

n e t w o r k . In A p p e n d i x B.2, w e s h o w tha t t h e r e are 

pa rame te r conste l la t ions f o r w h i c h ful l compa t i b i l i t y 

is t h e unique c o a l i t i o n - p r o o f o u t e o m e . H o w e v e r , w h e -

never t w o banks can acqui re (and p r o f i t f r o m ) a subs-

tant ia l n e t w o r k advantage o v e r t h e t h i r d ( tha t is w h e n 

K = k ( I ) —k(2) is large), t h e y w i l l refuse t o accept t h e 

t h i r d bank i n t o t h e i r n e t w o r k so tha t , f o r these cases, 

on ly par t ia l compa t i b i l i t y can be sustained as a coa l i 

t i o n - p r o o f equ i l i b r i um o u t e o m e . 

In o u r s y m m e t r i c m o d e l , t h e impaet o f in terchange 

fees hinges on ly u p o n h o w i t modi f ies t h e p r ic ing in 

cent ives o f banks, since in equ i l i b r i um n o actual t rans -

fers t ake place. In an asymmet r i c se t t ing , h o w e v e r , 

these t ransfers w o u l d be obse rved in equ i l i b r i um ma-

k ing i t m o r e expens ive f o r banks w i t h small n e t w o r k s 

t o j o in any compa t i b l e n e t w o r k . M o r e o v e r , i n te r 

change fees may induce banks t o expand t h e i r p r o -

p r i e t a r y n e t w o r k s t o pay less fees and /o r co l lec t m o r e 

o f t h e m f r o m t h e i r compa t i b l e rivals. C o m p e t i t i o n in 

A T M n e t w o r k size may thus dissipate t h e p ro f i t s o b -

ta ined f r o m t h e h igher rates t h a t prevalí w h e n f is 

pos i t ive , and make compa t i b i l i t y m o r e d i f f icu l t . 

III.5. The effect o f switching costs on A T M 

compat ib i l i ty 

In th is sec t ion w e e x p l o r e t h e impaet t h a t t h e p r e -

senee o f locked- in depos i t o r s may have o n banks' c o m 

pat ib i l i t y deeisions. In o r d e r t o c o n d u c t th is analysis, 

w e deve lop a ve rs ión o f o u r m o d e l w h e r e a p r o p o r t i o n 

( I — a ) G (0, I ) o f depos i t o r s face i m p o r t a n t costs o f 

sw i t ch ing banks so t h a t t h e y are ef fect ive ly l ocked in. 

(Each bank has a share o f ( I — a ) / 3 locked- in depos i 

t o r s ) 2S. 

W h e t h e r t h e ex is tence o f these depos i to rs favors 

compa t i b i l i t y o r n o t is a pr ior i unclear. In p r inc ip ie , if 

t h e r e w e r e many locked- in depos i to rs , banks cou ld 

app rop r i a te t o a larger e x t e n t t h e n e t w o r k e x t e r n a l i t y 

genera ted by compa t i b i l i t y since locked- in depos i t o r s 

are less sensit ive t o i n te res t ra te c o m p e t i t i o n . H o -

24 For some anecdotal ev idence o n this po in t , see no te 6. 
25 W e could understand locked- in cus tomers as those w h o pat ron ised a bank in a prev ious unmode l led pe r i od . These depos i to rs are assumed, f o r s impl ic i ty , 

t o be precisely located at t h e i r bank's branch. 
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w e v e r , t h e re laxa t i on e f fec t o f sw i t ch ing costs o n t h e 

s t reng th o f c o m p e t i t i o n is re la t i ve ly m o r e i m p o r t a n t 

w h e n all banks rema in i ncompa t ib le w h i c h makes c o m -

pat ib i l i t y ag reemen ts less a t t r ac t i ve . 

In t h e absence o f l ock - in , w e have s h o w n above t ha t 

c o m p e t i t i o n is genera l l y less f ie rce w h e n a subset o f 

banks shares t h e i r A T M s . Basically, g iven any set o f 

i n te res t rates, t h e share o f depos i t o r s served by a bank 

increases w h e n i t establ ishes a compa t i b i l i t y agree-

m e n t w h i c h makes i t m o r e cos t l y f o r a compa t ib le 

bank t o c o m p e t e f ie rce ly . W h e n a p r o p o r t i o n o f de 

pos i to rs are l ocked in, t h e increase in m a r k e t share 

t ha t can be ob ta ined t h r o u g h c o m p a t i b i l i t y is r educed , 

w h i c h in t u r n means t ha t , at least in th is sense, t h e 

compa t ib le banks behave m o r e aggressively. 

W e s h o w (see A p p e n d i x C ) tha t , w h e n a pu ré s t ra-

t e g y e q u i l i b h u m ex is ts f o r t h e c o m p e t i t i o n stage, th is 

second ef fec t o f sw i t ch ing costs domina tes , and t h e -

r e f o r e , par t ia l c o m p a t i b i l i t y is unambiguous ly made 

m o r e d i f f icu l t by sw i t ch ing costs. (See f igure 2 above. 

A n increase in t h e n u m b e r o f l ocked- in depos i to rs , 

i.e., a fall in a , shifts (/ /(K, t * ( K ) ) t o t h e r i gh t indicat ing 

t ha t compa t i b i l i t y ag reemen ts b e c o m e m o r e un l ike ly ) . 

H o w e v e r , t h e ex i s tence o f e q u i l i b h u m requ i res t h a t 

t h e p r o p o r t i o n o f l ocked- in depos i t o r s , I — a , is n o t 

t o o large. O n t h e c o n t r a r y , if m o s t depos i t o r s w e r e 

locked i n t o t h e i r respec t i ve banks, compa t i b i l i t y w o u l d 

be t r i v ia l l y achieved since t h e r e w o u l d n o t ex is t real 

c o m p e t i t i o n b e t w e e n banks. 

A se t t ing w h e r e banks have capt ive depos i t o r s be -

cause o f t h e sw i t ch ing costs a l lows us t o address t h e 

ques t ion o f w h e t h e r a bank w i t h a large capt ive m a r k e t 

p re fers t o b e c o m e c o m p a t i b l e w i t h a bank o f equal 

size o r w i t h a smal ler bank instead. 

F r o m t h e p rev ious sect ions, w e k n o w t h a t a bank 

w i t h a smal ler n e t w o r k sets h igher i n te res t rates. This 

aggressive behav io r is t e m p e r e d w h e n its capt ive mar 

k e t is large, and t h e r e f o r e , i t may be t o a large bank's 

advantage t o b e c o m e compa t i b l e w i t h a smal ler bank 

leaving ou ts ide o f t h e j o i n t n e t w o r k a large bank w h o 

w i l l behave less aggressively. H o w e v e r , c o m p a t i b i l i t y 

w i t h a smal ler bank also impl ies t o b e c o m e a b e t t e r 

subs t i tu te w i t h a rival f o r w h o m being aggressive has 

re la t i ve ly l o w costs. 

T o invest ígate these t rade-o f fs , w e focus o n a v e r 

s ión o f o u r m o d e l w h e r e banks A and B have a capt ive 

m a r k e t o f equal size ( i .e. ( l - a ) / 2 ) whe reas bank C 

has no locked- in depos i to rs . N u m e r i c a l c o m p u t a t i o n s 

s h o w t h a t a large bank pre fers t o share its n e t w o r k 

w i t h a small bank w h e n t h e n e t w o r k ef fect is large 

enough and t h e subs t i tu t ion ef fect n o t t o o large. T h a t 

is, w h e n in t e r m s o f increased c o m p e t i t i o n , leaving a 

small bank ou ts ide t h e compa t i b i l i t y a g r e e m e n t is 

m o r e cos t ly than t o becom ing a c loser subs t i tu te f o r 

it26. 

I V . P u b l i c R e g u l a t l o n of A T M C o m p a t i b i l i t y 
C l u b s 

W e t u r n n o w t o cons ider t h e n o r m a t i v e impl ica-

t i ons o f o u r p rev ious analysis. In par t icu lar , w e cons ider 

t h e scope f o r publ ic i n t e r v e n t i o n regard ing A T M ne t -

w o r k s . 

It should be clear t h a t ful l compa t i b i l i t y cons t i t u tes 

t h e f irst-best A T M s t r u c t u r e since depos i t o r s bene f i t 

f r o m t h e m á x i m u m accessibi l i ty t o t h e i r funds w h e n 

t h e y t rave l a round t h e c i t y and regular t r a n s p o r t costs 

are min im ised . H o w e v e r , as discussed in sec t ion III, ful l 

c o m p a t i b i l i t y is n o t an equ i l i b r i um o u t c o m e f o r o u r 

game27. 

F u r t h e r m o r e , unless K is suf f ic ient ly large, t h e mar 

k e t also fails t o achieve t h e second best, t h a t is, t h e 

m á x i m u m level o f we l f a re t h a t can be achieved u n d e r 

par t ia l compa t i b i l i t y . T h e second best is such t h a t t h e 

26 Compa t i b i l i t y b e t w e e n banks A and C is a m o r e l ikely o u t c o m e w h e n t he p r o p o r t i o n o f t ransact ions n o t done t h r o u g h A T M s , t , t h e p r o p o r t i o n o f f ree 
depos i to rs , a , and the size o f t he n e t w o r k ex te rna l i t y , K, are large. For l o w e r t , bank C always prefers incompat ib i l i t y even if bank A w o u l d regard as m o r e 
desirable t o become compat ib le w i t h C than w i t h bank B. 

27 N o t e t ha t in t he presence o f in terchange fees, h o w e v e r , ful l compat ib i l i t y prevails under cer ta in circumstances. In those cases t h e m a r k e t does achieve the 
f i rs t best. 

16 



m a r k e t share o f t h e i ncompat ib le bank is smal ler than 

its equ i l i b r i um valué unless t h e incompat ib le bank is 

exc luded f r o m t h e m a r k e t in equ i l i b r i um . U n d e r par-

t ia l compa t i b i l i t y , t h e bank le f t o u t o f t h e compa t i b i l i t y 

ag reemen t pays a h igher i n te res t ra te than i ts c o m 

pat ib le r ivals. T h e i ncompa t i b l e bank manages t o serve 

those d e p o s i t o r s t h a t p r e f e r t o t r a d e a smal ler A T M 

n e t w o r k f o r a h igher ra te o n t h e i r funds, b u t on ly at 

t h e social cos t o f g r e a t e r t r a n s p o n costs o n u n p r e -

d ic tab le occasions. In add i t i on , g iven t h a t t h e supply 

o f funds is inelastic, h igher i n te res t ra tes are on l y a 

t rans fe r f r o m banks t o depos i t o r s and thus have no 

pos i t ive e f fec t o n t o t a l surplus. T h e r e f o r e , ef f ic iency 

w o u l d r e q u i r e t o r e s t r i c t t h e m a r k e t share o f t h e 

i ncompat ib le bank f r o m its e q u i l i b r i u m valué 28. This 

explains w h y t h e exc lus ión o f t h e incompat ib le bank 

f r o m t h e m a r k e t need n o t be d e t r i m e n t a l f r o m a social 

s tandpo in t . 

These m a r k e t fai lures raise t h e issue as t o w h e t h e r 

publ ic i n t e r v e n t i o n can i m p r o v e u p o n t h e m a r k e t o u t -

c o m e , and in par t icu lar , w h e t h e r i t can pos i t i ve ly af fect 

t h e incent ives o f p r íva te banks t o achieve ful l c o m 

pat ib i l i ty . 

Manda to r y sharing laws, o n t h e o t h e r hand, w o u l d 

ensure compat ib i l i t y . H o w e v e r , w e should rega rd such 

a po l icy r e c o m m e n d a t i o n w i t h some cau t i on . In a dy-

namic f r a m e w o r k , compa t i b i l i t y may be associated 

w i t h excess m o m e n t u m o r excess iner t ia (see Farre l l 

and Salone 1985) w h i c h canno t be s tud ied in o u r stat ic 

se t t ing . In th is respect , empi r ica l studies (Hannan and 

M c D o w e l l 1984) p r o v i d e ev idence t ha t shows h o w in 

those States w i t h manda to ry sharing laws, t h e i n t r o -

d u c t i o n o f A T M s was ini t ia l ly de layed. 

A n a l te rna t i ve measure is t h e i n t r o d u c t i o n o f deposit 

rate ceilings. Full compa t i b i l i t y is n o t a P.C.N.E. p r e -

cisely because c o m p e t i t i o n is made f i e r c e r w h e n all 

banks share t h e i r A T M s so t h a t t h e benef i ts c rea ted 

by larger n e t w o r k s canno t be a p p r o p r i a t e d by banks. 

Impos ing ra te cei l ings l imi ts such an excessive c o m 

p e t i t i o n a l l ow ing banks t o p ro f i t ab ly in ternal ise pa r t 

o f t h e n e t w o r k e x t e r n a l i t y c rea ted by t h e i r c o m p a 

t i b i l i t y agreements . H o w e v e r , ra te cei l ings may again 

have negat ive s ide-ef fects if t h e supply o f depos i ts is 

elastic. In add i t i on , c o m p e t i t i o n may be r e s t o r e d in 

d i f fe ren t ways such as, f o r instance, t h r o u g h branch 

and /o r A T M p ro l i f e ra t i on . 

It should be obv ious t h a t t h e f i r s t best can be a t -

ta ined t h r o u g h legislation enforcing compat ibi l i ty . In 

p rac t ice , s o m e U.S. States have r e q u i r e d shared A T M 

n e t w o r k s t o le t in any bank seeking membersh ip29. 

These laws p r e v e n t exc lus ión f r o m ex is t ing n e t w o r k s , 

b u t c lear ly d o n o t y ie ld fu l l c o m p a t i b i l i t y unless shar ing 

is manda to ry . In o u r s imple f r a m e w o r k and abst rac t ing 

f r o m e n t r y d e t e r r e n c e , a law p r e v e n t i n g exc lus ión 

f o r m a shared n e t w o r k w o u l d always y ie ld i ncompa-

t i b i l i t y as t h e un ique equ i l i b r i um o u t c o m e (recal l equa-

t i o n (5 ) ) ; in a m o d e l w i t h m o r e banks, i t w o u l d also 

fail t o p r e v e n t t h e coex i s tence o f several n e t w o r k s . 

Simi lar ly, regu la t ing t h e occess /ees t h a t are charged 

t o banks app ly ing t o a c o m p a t i b l e n e t w o r k w o u l d n o t 

be enough t o ensure ful l compa t i b i l i t y . 

Finally, w e s h o w e d in sec t ion III.3 t h a t c o m p a t i b i l i t y 

ag reements among banks may be establ ished jus t t o 

d e t e r f u t u r e e n t r y i n t o t h e m a r k e t . C o n v e n t i o n a l w i s -

d o m w o u l d suggest t h a t in these c i rcumstances c o m 

pat ib i l i t y should be w e l f a r e reduc ing. H o w e v e r , e n t r y 

d e t e r r e n c e t h r o u g h c o m p a t i b i l i t y need n o t be d e t r i -

menta l f r o m a w e l f a r e po i n t o f v i e w : C o m p a t i b i l i t y 

among i ncumben t banks benef i ts depos i t o r s since t h e y 

pay l o w e r t r a n s p o r t costs o n t h e i r u n e x p e c t e d t r i p s 

a round t h e c i ty . F u r t h e r m o r e , some sunk costs o f 

e n t r y F are saved w h e n e n t r y is d e t e r r e d . O n t h e 

o t h e r hand, depos i to rs have t o pay g r e a t e r t r a n s p o r t 

costs o n a regular basis because c o m p a t i b i l i t y l imi ts 

t h e n u m b e r o f banks in t h e m a r k e t . T h e nove l resu l t 

is t h a t t h e r e ex is t suf f ic ient ly large valúes o f t h e n e t -

28 See t he W o r k i n g Paper vers ión o f th is paper f o r a fo rma l de r i va t ion o f the la t te r s ta temen t o n we l fa re . 
29 A c c o r d i n g t o M c A n d r e w s (1991 ) , by t he m id 80's, m o r e than 20 U.S. States requ i red shared A T M n e t w o r k s t o accept all appl icat ions o f banks seeking 

membersh ip . 
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w o r k ex te rna l i t y , K, so t h a t e n t r y d e t e r r e n c e is w e l -
fare i m p r o v i n g even ¡n t h e absence o f sunk costs o f 
e n t r y 30. 

V . C o n c l u s í o n s 

W e have s tud ied unde r w h i c h cond i t i ons banks are 

w i l l i ng t o share t h e i r A T M s , and h o w such cond i t i ons 

are mod i f i ed by t h e e x i s t e n t e o f sw i t ch i ng costs, f i x e d 

fees and publ ic regu la t ions c o n c e r n i n g c o m p a t i b i l i t y 

agreements . O u r main resul ts are cons is ten t w i t h t h e 

ex is t ing ev idence. First , ful l c o m p a t i b i l i t y is n o t o b -

served e x c e p t in coun t r i es w h e r e t h e bank ing sys tem 

is v e r y col lus ive (e.g., Be lg ium and France) and /o r i t 

¡s p r e d o m i n a n t l y d o m i n a t e d by publ ic banks (e.g., 

I ta ly) . O t h e r w i s e , several A T M n e t w o r k s d o c o m p e t e 

(as in Spain, U.K. and U.S.). O u r t h e o r y also p red ic ts 

t ha t compa t i b i l i t y is easier a m o n g banks c o m p e t i n g in 

d i f f e ren t geographica l marke ts . In Spain, t h e f i rs t c o m 

pat ib i l i t y ag reemen ts t o o k place b e t w e e n savings 

banks w h o had r e s t r i c t e d geograph ica l m a r k e t áreas 

by law. 

T h e m o d e l t h a t w e have e x p l o r e d he re is qu i t e 

t a i l o red t o t h e case o f A T M c o m p a t i b i l i t y and so are 

t h e pol ic ies cons ide red . None the less , i t has impl ica-

t i ons w h e n e v e r t h e deg ree o f d i f f e ren t i a t i on b e t w e e n 

t w o f i rms is a f fected by t h e e x t e n t o f compa t i b i l i t y . 

T h e ex is t ing l i t e ra tu re o n c o m p a t i b i l i t y has m o s t l y 

t aken t h e sympl i fy ing v i e w t h a t c o m p a t i b i l i t y does n o t 

a l te r t h e deg ree o f p r o d u c t d i f f e ren t i a t i on in t h e mar 

k e t in o r d e r t o h igh l ight t h e ro le o f n e t w o r k e x t e r -

nali t ies. O n t h e c o n t r a r y , w e have focused o n cases 

w h e r e n o t on ly t h e n e t w o r k size m a t t e r s bu t also t h e 

loca t ion o f t h e f i rm ' s p r o p r i e t a r y n e t w o r k is a source 

o f d i f f e ren t i a t i on . W e have s h o w n t ha t in these ins-

tances compa t i b i l i t y genera tes a c o m p e t i t i v e e f fec t i n -

dependen t f r o m t h e n e t w o r k size. Th is ef fect po in ts 

in var ious d i rec t i ons w h i c h depa r t f r o m t h e ex is t ing 

l i t e ra tu re and t h e conven t iona l w i s d o m : First, even in 

a c o m p l e t e l y s y m m e t r i c w o r l d , f i rms d o n o t neces-

sari ly agree t o reach ful l compa t i b i l i t y . Second, c o m 

pat ib i l i t y makes e n t r y o f n e w f i rms m o r e d i f f icu l t . 

T h i r d , n e t w o r k fees, w h i c h mainly act as a c o u n t e r -

vai l ing f o r c é o f o u r c o m p e t i t i v e ef fect , enhance t h e 

l i ke l i hood o f compa t i b i l i t y . 

O u r m o d e l p red ic ts t h a t a s t r i c t subset o f f i rms may 

have incent ives t o c réa te adapters t h a t r e n d e r t h e i r 

o w n p roduc t s c o m p a t i b l e and t h a t w i l l n o t w o r k w i t h 

t h e remain ing p r o d u c t s available in t h e m a r k e t . A c -

c o r d i n g t o o u r t h e o r y , such adapters should be m o r e 

c o m m o n in indust r ies w h e r e p r o d u c t s are d i f fe ren t ia -

t e d in ways unre la ted t o technical c o m p a t i b i l i t y and 

among f i rms pe rce ived as re la t ive ly d is tant subst i tu tes. 

A n examp le o f such k ind o f ag reements are t h e f re-

quent flyer p rogram clubs. A i r l i nes be long ing t o these 

clubs accept t h e mi leage t h a t t h e i r f r e q u e n t f l ye r card 

ho lders d o in f l ights o f o t h e r air l ines in t h e c lub. M e m -

bers o f these clubs are usually air l ines w h o d o n o t 

c o m p e t e o n all c i t y pairs and w h o s e n e t w o r k s , t o some 

e x t e n t , c o m p l e m e n t each o t h e r (e.g., Br i t i sh A i r w a y s 

and A m e r i c a n A i r l i nes )31 . 

30 T h e exac t cond i t i on is K > I / 9 — 8 F / 9 . O f course, t he larger is F t h e easier is t ha t e n t r y tu rns o u t t o be socially excessive f o r a g iven valué o f t he n e t w o r k 
ex te rna l i t y , K. 

31 For some recen t l i t e ra tu re o n th is issue see Farrel l and Saloner (1992) and Farrel l and Shapiro (1992) . 
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A p p e n d í x A 

L e m m a I. Fo r all K G [ ( 4 t + I ) / ( t + I ) ) , ( 3 t + I ) ] , 

t h e r e is no pu ré s t ra tegy equ i l i b r i um f o r t h e c o m -

p e t i t i o n stage unde r par t ia l compa t i b i l i t y . O t h e r w i s e , 

g iven K, t h e r e is a un ique Nash Equ i l i b r ium w h i c h is 

character ised by t h e f o l l o w i n g depos i t rates and as-

soc iated p ro f i t s : 

(a) For all K < ( 4 t + l ) / ( t + I ) and R > 

! ( l 2 t + 3 + K ( 3 t + l ) ) / ( 4 + 6 t ) ; 

t ions. Solv ing t h e f.o.c.'s associated t o ( A l ) y ie lds t h e 

f o l l o w i n g equ i l i b r i um rates and pro f i t s : 

U r = 

(b) For all K > 3 t + I ; 

r A = r D = R - 3 t r . = 0 

r7A=rTB=rT (2 , l )=3 t / 2 n c = n { \ , 2 ) = 0 

Proof. T h e p ro f i t s o f banks A and C are 

ra - r0 + t 
" A = - rA) 

+ 

= (R - re) 

+ 

2 t 

rc + I + K 

+ 

/ 3 

r . + I K 
+ 

rR + I - K 
/ 3 

( A l ) 

T h e express ion f o r B's p ro f i t s is ident ical t o bank 

A ' s w i t h rA and rB a l te rna t ing t h e i r respec t i ve pos i -

T h i s e q u i l i b r i u m h o l d s o n l y i f 

R > : ( l 2 t + 3 + K ( 3 t + l ) ) / ( 4 + 6 t ) and K < ( 4 t + I ) / 

( t + I ) . T h e f o r m e r r e s t r i c t i o n guarantees t ha t mar 

ginal depos i to rs earn non-negat ive surplus whe reas t h e 

la t te r t ha t r c < R. (Finally n o t e r A < R, and r B < R, 

f o r any 0 < K ) . Second o r d e r cond i t i ons are c lear ly 

satisf ied. 

W h e n K > ( 4 t + l ) / ( t + I ) , r c > R v io la t ing t h e in i -

t ia l cons t ra in t . Bank A max imizes 

m m 

( R - r A ) 
r A - r R + t 

2 t + 
r A - R + l + K 

( A 3 ) 

/ 3 

Equ i l ib r ium rates and p ro f i t s f o r t h e large bankequa l 

rA = rB = R - 3 t nA = nB = 3 t / 2 

on ly if K > 3 t + I. For K in th is range, ex is tence and 

uniqueness are g u a r a n t e e d " . 

P r o o f o f P ropos i t i on I . 

Let ( / / ( K , t ) = r r ( 2 , I ) - n { \ , I , I ) . For any K < 
, 2 ( 2 + 3 t ) 2 

( 4 t + l ) / ( t + I ) , i p { K , t ) = (5 + K)2 - ^ | + t ) ; . T h e -



r e fo re , w e def ine t * ( K ) as such t ha t (//(K, t * ( K ) ) = 0. 
N o t e tha t , ó ( / / / 5 K > 0 so t h a t d t * / d K < 0. Finally, 
f o r K > ( 3 t + I ) , (/ /(K, t ) > 0 f o r all t > t * = 2 / 9 " . 

A p p e n d í x A 

8 . / . W i t h d r a w a l fees 

Cons ide r o u r main m o d e l (sec t ion II) bu t amended 
so t ha t banks' c o m p a t i b i l i t y proposals inc lude a f i xed 
w i t h d r a w a l fee w > 0. W e s h o w tha t ful l compa t i b i l i t y 
always domina tes i ncompa t i b i l i t y so t h a t t h e la t te r 
cannot cons t i t u t e a c o a l i t i o n - p r o o f equ i l i b r i um o u t 
c o m e o f t h e game w i t h w i t h d r a w a l fees. 

— Ful l Compat ib i l i ty 

T h e marginal d e p o s i t o r b e t w e e n t w o compa t i b l e 
banks (e.g., A and B) is loca ted at x such t h a t 

= rn 

k ( 3 ) - t x - m i n [ T x , T ( l - x ) + w ] = 

k ( 3 ) - t ( l - x ) - m i n [ T x + w , T ( l - x ) ] 

w h e r e t h e last t e r m in ( B I ) equals bank A ' s revenues 
f r o m w i t h d r a w a l fees and is t h e p r o d u c t o f t h e m a r k e t 
share o f its compa t i b l e rivals and t h e p robab i l i t y t h a t 
any o f these depos i t o r s actual ly w i t h d r a w at its A T M , 
i.e., p w ( l — 2 / w s ) / 3 . (Banks B's and C's p ro f i t s are 
s imi lar ly de f ined) . Solv ing t h e f i r s t o r d e r cond i t i ons 
w i t h respec t t o rA, rB and rc, w e ob ta in r A = rB = 
r c = R— I — p w ( l — 2 / w s ) / 3 and t h e r e f o r e , banks ' 
p ro f i t s o f n w ( 3 , 0 ) = 1/3 + p w ( l - 2 / w s ) / 3 . 

In stage one , banks w i l l set w so as t o max imise 
t h e i r p ro f i t s b u t subject t o t h e cons t ra in t t h a t t h e 
w i t h d r a w a l fee w is smal ler than t h e m á x i m u m a m o u n t 
depos i t o r s are w i l l i ng t o pay t o acces a c o m p a t i b l e 
bank r a t h e r than v is i t ing t h e i r o w n banks A T M , t h a t 
is, w < s. Thence , banks set w * = s and p ro f i t s equal 
r rw(3 , 0) = 1 / 3 + ps /6 . (Ex is tence requ i res ( i ) R > 
k ( l ) + 3 / 2 + ps /6 and (i¡) s > T ) . 

N o t e t h a t r r w ( 3 , 0 ) > 1 / 3 = rcw(l, I , I ) , w h e r e 
/ 7 W ( I , 1,1) are t h e p ro f i t s o f a bank under i ncompa
t i b i l i t y . These p ro f i t s are obv ious ly unaf fected by t h e 
i n t r o d u c t i o n o f w i t h d r a w a l fees. T o conc lude , e v e r y 
bank p re fe rs ful l compa t i b i l i t y t o i ncompa t ib i l i t y w h i c h 
ensures t ha t t h e la t te r is n o t a c o a l i t o n - p r o o f equ i l i 
b r i u m . 

W e on ly cons ide r equ i l ib r ia f o r w h i c h w > T so 
tha t o n a regu lar basis depos i t o r s always w i t h d r a w at 
t h e i r o w n bank. T h e r e f o r e , m ¡ n [ T x , T ( I — x ) + w ] = 
T x , and s imi lar ly , m i n [ T x + w , T ( l — x ) ] = T ( l —x) f o r 
all x . N o t e t h a t k ( 3 ) are t h e e x p e c t e d t r a n s p o r t costs 
plus t h e fees paid by any g iven d e p o s i t o r du r ing her 
t o u r s a round t h e c i t y . These costs equal ps /4 + 
p w ( 2 — w / 2 s ) / 3 w h e r e w > s depos i t o r s d o n o t valué 
a larger n e t w o r k (i .e., k (3 ) > k ( I ) , w h e r e k ( I ) = k ( I ) 
are t h e e x p e c t e d costs i n cu r red du r i ng c i t y t o u r s if 
one patronises an i ncompa t ib le bank) . 

Bank A ' s p ro f i t s equal 

= ( R - r A { ( r A - r B + l ) / 6 + 

+ ( r A - r c + l ) / 6 } + 

+ P w { l - [ ( r A - r B + l ) / 6 + 

+ ( r A - r c + l ) / 6 ] } ( l - 2 / w s ) / 3 

( B l ) 

6.2. Interchange Fees 

T h e basic m o d e l o f Sect ion II is n o w m o d i f i e d t o 
a l l ow banks t o inc lude in terchange fees at t h e c o m 
pat ib i l i t y stage instead o f w i t h d r a w a l fees. W e s h o w 
tha t i ncompat ib i l i t y is no longer an equ i l i b r i um o u t 
c o m e o f o u r game. W e also s tudy w h a t d e t e r m i n e s 
w h e t h e r in equ i l i b r i um w e observe par t ia l o r ful l c o m 
pat ib i l i t y . Finally, w e s h o w tha t t h e p ro f i t s o f a fu//y 
compa t i b l e bank in a n e t w o r k w i t h in te rchange fees 
are larger than in a n e t w o r k w i t h w i t h d r a w a l fees. 

a) Full C o m p a t i b i l i t y 

Bank A ' s p ro f i t s equal 

= ( R - r J oA + fp { (aB-aA) + 

+ ( a c - a A ) } / 3 + f ( l / 3 - a A ) 
(B3) 
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w h e r e a A = ( r A - r B + t ) / 6 t + ( r A - r c + t ) / 6 t ; and aB 
and oc are s imi lar ly de f ined . (L i kew ise , w e can w r i t e 
t h e p r o f i t express ions f o r banks B and C ) . 

Solv ing t h e f i r s t - o r d e r cond i t i ons associated t o t h e 
max im isa t ion p r o b l e m o f each bank, w e have t h a t 
banks set rates o f R — t — f ( l + p ) . Banks can choose 
f t o i m p l e m e n t t h e fu l ly co l lus ive ra te r m = k (3 ) + 1/ 
2 (i.e., t h e ra te t h a t e x t r a c t s ail surplus f r o m t h e mar 
ginal d e p o s i t o r ) . Such fee equals f* = ( R - t ) / ( l + p ) — 
( 2 + p s ) / 4 ( l + p ) . 

Henee, t h e e q u i l i b r i u m p ro f i t s o f each bank unde r 
ful l c o m p a t i b i l i t y equal ^ { 3 , 0 ) = ( R - l / 2 ) / 3 - ps / 
12 > 1 / 3 = 7Tf(l, 1,1) . (The l a t t e r inequal i ty holds 

because R has t o be larger t han 3/3 + k ( I ) t o gua-
ran tee ex is tence u n d e r b o t h reg imes) . 

b) Part ia l C o m p a t i b i l i t y 

Banks A and B are assumed t o share t h e i r A T M s 
w h i l e bank C remains i ncompa t ib le . T h e p ro f i t s o f bank 
A (and s imi lar ly , t h o s e o f bank B) equal 

Banks A and B choose f t o max imise r r (2 , I ) w h i c h 
leads t o an in terchange fee o f f * = ( 5 + K ) ( 2 + t ) / 
4(1 + p ( l + t ) / 2) and p ro f i t s g iven by 

r7 f (2, l ) = t ( l + t ) ( 5 + K ) 2 / 6 ( 2 + 3 t ) 2 + 

+ ( ( 2 + t ) ( 5 + K ) ) 2 / 4 8 ( 2 + 3 t ) 2 
(B6) 

Existence requ i res t h a t K < ( l 4 + 2 l t ) / ( 2 + 3 t ) and 
R > (5 + K) + k (2 ) . 

c) Equ i l i b r ium C o m p a t i b i l i t y A g r e e m e n t s 

F r o m t h e p r e v i o u s e q u a t i o n s , m i n [ r T f ( 2 , I ) , 
/7 f (3 , 0 ) ] > /7 f ( I , I , I ) , and henee i ncompa t i b i l i t y never 
character ises t h e equ i l i b r i um o u t c o m e o f t h e game 
w i t h p o s i t i v e i n t e r c h a n g e f e e s . L e t t / / f (K , t ) = 
n f ( 3 , 0 ) — rr f (2, I ) . T h e n a f te r some algébrale man i -
p u l a t i o n s w e h a v e t h a t s i g n [ ( / / f ( K , t ) ] = s i g n 
[ l 4 K - K 2 - 9 ] w h i c h is pos i t i ve f o r K < 1.3 and ne-
gat ive o t h e r w i s e . In conc lus ión , w h e n t h e n e t w o r k 
advantage unde r part ia l compa t i i l t i y K is small ( < 1.3), 
ful l compa t i b i l i t y is t h e un ique c o a l i t i o n - p r o o f equ i l i 
b r i u m . O t h e r w i s e , par t ia l c o m p a t i b i l i t y prevai ls. 

" A = ( R - r A ) a A + f p ( a B - a A ) / 2 + 

+ f ( l / 6 - o f ) 
(B4) 

w h e r e = ( r A - r B + t ) / 6 t ; O? = ( r A - r B + I + 

K ) / 6 t w i t h K = k ( l ) - k ( 2 ) ; and a A = c £ B + o f . 

Finally, aB = aBB + aBc- Bank C's p ro f i t s are : 

= ( R - r c ) ^ c (B5) 

w h e r e oc = ( r c - r A + I - K ) / 6 + ( r c - r B + I - K ) / 6 . 

P ro f i t max im isa t i on yields t h e f o l l o w i n g e q u i l i b r i u m 
p ro f i t s f o r t h e t w o c o m p a t i b l e banks ( w h e r e w e res-
t r i c t ourse lves t o equ i l ib r ia w i t h t h e t h r e e banks act ive 
in t h e m a r k e t ) : 

r7A = 77B = n f ( 2 , l ) = t ( l + t ) ( 5 + K ) 2 / 6 ( 2 + 3 t ) 2 + 

+ f ( 2 + t ) ( 5 + K ) ( l + p ( l + t ) / 2 ) / 6 ( 2 + 3 t ) 2 -

- 2 f 2 ( l + p ( l + t ) / 2 ) 2 / 6 ( 2 + 3 t ) 2 

d) íT f (3,0) > r rw(3 ,0 ) 

N o t e t ha t í 7 f ( 3 , 0 ) = ( R - l / 2 ) / 3 - p s / l 2 , 
e x i s t e n e r e q u i r e s t h a t R > 3 / 2 + k ( l ) . 
r T f ( 3 , 0 ) > 1 / 3 + p s / 6 = rTw(3,0) . 

w h e r e 
T h e n , 

A p p e n d i x C 

Cons ide r o u r main m o d e l (sec t ion II) w h e r e a p r o 
p o r t i o n ( I — a ) £ (0, I ) o f depos i t o r s are l ocked i n t o 
t h e banks c o m p e t i n g in t h e marke t . Each bank has a 
share o f ( I — a ) / 3 locked- in depos i to rs . W e assume, 
f o r s impl ic i ty , t h a t these depos i to rs are loca ted a t t h e i r 
banks' branch. W e f i r s t analyze i n te res t ra te c o m p e 
t i t i o n under each compa t i b i l i t y reg ime . T o conc lude , 
w e w i l l p r o v e t h a t ( i ) ful l compa t i b i l i t y is n o t an equ i 
l i b r i um o u t c o m e f o r all a , and (i i) par t ia l c o m p a t i b i l i t y 
is easier t o achieve f o r large a , t h a t is, w h e n t h e r e 
are f e w locked- in depos i to rs . 
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(a) Part ia l Compot /M/ ty : W i t h o u t loss o f genera l i t y , 
t ake A and B compa t i b l e . Banks' p ro f i t s are 

" A = ( R - r A ) + 

+ a 
rA - i -B+ t + r A - r c + l + K 

2 t 

• ' - a 
^ c = ( R - r c ) ^ ^ — + 

/3 

( C l ) 

r c - r A + l - K 
+ a 

r c - r A + l - K 

+ 

/ 3 

(nR as nA w i t h rA and rB changing places). Solv ing t h e 
associated f i rs t o r d e r cond i t i ons w i t h respec t t o rA, 
rB and rc, w e ob ta in 32. 

rA = rB = R 

r c = R 

t ( 5 + a K ) 

a ( 2 + 3 t ) 

( 4 t + l ) - a K ( l + t ) 
(C2) 

a ( 2 + 3 t ) 

Henee, t h e p ro f i t s o f a c o m p a t i b l e bank, n { 2 , I ) are 
(5+aK)2 

equal t o rt( I + t ) . 
6a(2+3t )2 V ' 

(b) Incompat ib i l i ty and fu l l compat ib i l i t f . Le t 6 be I 
w h e n all banks are incompat ib le , and t w h e n t h e y all 
share t h e i r A T M s . Bank A ' s p ro f i t s can be w r i t t e n as 

+ a 

, l - a 
nA = ( R - r A ) ^ -

r A - r e + Q + r A - r c + 0 

2 6 2 0 
/ e 

(C3) 

(Simi lar ly, f o r J7B and 7TC) . P r o f i t max im iza t i on yields 
rA = rB = rc = R — d / a . T h e r e f o r e , bank's p ro f i t s un -
d e r i ncompa t ib i l i t y equal 7 7 ( 1 , I , I ) = l /3a, and under 
ful l compa t i b i l i t y n { 3 , 0) = t /3a . 

(c) Ful l compat ib i l i ty is not a P.C.N.E. for a l l a : T o 
p r o v e th is resul t , w e s imply have t o s h o w t h a t equa
t i o n (5) in t h e t e x t holds f o r all a , w h i c h can be easily 
seen f r o m d i r e c t compa r i son o f rT( I , I, I ) , n { 2 , I ) and 
r r (3,0) above. 

(d) Switching costs make par t ia l compat ib i l i ty more 
diff icult: Le t (//a (K , t ) = n { 2 , I ) - n ( I, I , I ) = 

( 5 + a K ) 2 
t ( l + t ) - l /3a 

6a(2+3t)2 
. Le t f - ^ K , a) be such 

t h a t (//a(K, t * ) = 0, t h a t is, t * ( K , a) solves 
t ( l + t ) 2 

( 2 + 3 t ) 2 ( 5 + a K ) 2 
0. Henee, d t * / d a < 0. 

32 It can be easily s h o w n tha t t h e r e ex is t valúes o f R and k(n¡) such tha t ex is tence o f a rate equ i l i b r ium is guaranteed. Exact cond i t ions are de r i ved in t he 
W o r k i n g Paper ve r i on o f th is paper. 
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