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NON-TECHNICAL SUMMARY

In many markets, swilching costs give each consumer a strong incentive to
continue buying trom the firm from which he has previously purchased, even if
other firms are selling functionally identical products. Examples ot switching
costs include the transactions cost ot closing an account with ene bank and
opening another with a competitor, the learning cost incurred by switching to a
new make of computer after having learned to use another brand and the artificial
switching cosis created by frequent-flyer programmes that reward customers for
repeated travel on a single airfine.

Managers often seem more concerned with market shares than short-run profits.
Switching costs explain why this may be rational behaviour: switching costs give
firms a degree of monopoly power over their customers and so make current
market shares an important determinant of tuture profits. Switching costs can
thus help to explain phenomena such as the discounts firms offer to attraci new
purchasers, and the price wars that occur when there Is new entry into a market.
Switching costs may, moreover, have important implications at the
macroeconomic level. The value firms place on their market shares can, ior
example, explain both why price-cost margins appear to move counter-cyclically
over the business cycle and why trade balances may respond so slowly to
exchange rate changes.

This paper analyses a mulli-period market with switching costs, using a model
that has several advantages over existing models of competition with switching
costs. The assumptions in our model are more natural and yieid more plausible
results, we argue. In particular we can consider rational consumer expectations,
as well as showing within the model the effects of varying consumer expectations
rather than assuming that consumers are myopic {that is, that every consumer
always huys trom the firm offering the lowest price in the current period, without
regard to the future). In the presence of swiiching costs, rational consumers
consider expected future prices when making today’s purchase decision, since
today’s purchase decision commits the customer 1o repeat purchasing trom the
same firm in the future.

Our model also has the advantage that new consumers do not all buy trom the
same firm, so that firms’ market shares can {and do) take any value in the interval
(0,1). Previous analysis in effect assumed that in each pericd one firm sells to
all the repeat purchasers and no new customers, while the other has no repeat
business but sells to all the new cusiomers.

in the model we analyss, in every period new customers arrive and a traction ot
old and new customers leave the market. By varying this fraction we can explore
the effects of consumer turnover. In the iast period of a market with switching



91112801 ‘(¥)28 LIRIRmOuDy , UCHNIISANG JO §3800 OYL, : (BEET] ‘D 1ONIBEZID A oA
Z1—-1'{1}¢E SoMWOUCR BUISUPU] JO [RUIROL

| SUOITEAOUA] JO 30USNDAG ¥ ST 21347 UBYM 3IN1I02}G ATISRPU]T JO UCURIOAT YT, : (§R61) "[*S1aM0iA
co-65E ‘(£)3), monany drmouoay

uedusuY ‘ spaerg Sunasuold jo $a9RIIRARY UCIIRIIHAISHI(L 100P0id, ¢ (2861) g 9esuaTRmIIg
185608 “uonop ‘A303y[, wortepul pue juswdowdiw jo SUCTIEPUNG] JWOUCII0III

“1e 19 sdipyg ur,vonnadwo)y ousiwoly 1apun fojod soug rewndg, | JAMUIA S pue 'sdRy g
0zi—go0v {g)os

‘SRIpNIG JUHOUCYF JO adagy 51500 Funpoimg £q pasnes) sreaq U, {6881} "g'Tossdwaly
0g1-881 ‘(181 renmop

puzy ‘51500 TmEaHAS IBUIRSUO) 1A SI9NIR]Y J0 sseuRannadwa) ay g, - (q.861) "J'1ozadwapy
¥6§-5.¢ ‘(g )e01 sarmounay

Jo reuinop falreEnd) 51500 Buigymg mwnsuo) qIs s1eNIER, : (24g61) "d eredwary
0FF—Feh (2oL MotARY dIou0dT UBsHDWY

WAqiredwe) pue uonnadwoe)) ‘seugRwIeiXy yIomiaN, ¢ (¢g61) ondeyg 1) pue WEey
YIOR MY ‘S591 IRUDPEOY

“BIGREIY Iveur] pue sualsdg reomueud( ‘suonenby revuamagid, ¢ (3L817) arewg ‘g pue ‘WYosIy
0g "oy 1aded womsnosyT afarion

PRIFUN ' [2POJN PSIUROISIPU[] WY : BIBYG J9MIEW 10} uonnaduon sy, ¢ (g861) Disureg

Td

"AlfEAo) puRIg [EUCLELL, UBAB DUB
‘sepIBlLBIXa YiomiaU onpoid Uy B asieAPE sejes 1skd ey jor) 8y ‘slonpoud
Buyladwos jo saoud 10 80u8)sixe au} BULIBACISID U1 SIS00 YOIESS SIBLINSLIOD WO
SsliE pINod aouspusadsep & ONG 'SUOSES) JOUL0 10} B1BUS JBYIEW JUSBLND S}t uo
spuadsp Ajgeiord sininy s,ug B UoJyM U Siexiew o} osie Aidde Aew synses
Jejuis ‘sysoz Buiyonms yum 1evrew e sjussaidel Alfeuno) jepowt o yBnouiy

*51500 Duiyoums yjim sieie UL U] JRoINEYSq
waumno uo ‘safiueys sies ebueyoxs pejoedxs o sexe} meu peuued se yons
‘sabueujo einin) pajedioyue 1eyjo |0 S10818 B} BUILIEXS 0S|B SpA 8]0AD SSaUISNy
ayl 1ono suibiew jsoo-soud ur suojedea paalesqo ueldxe elojesely) Aew
sjsoo Sujyopms Jswnsuos) ‘seoud mo] Buibieys Ag sieys tespew dn Buppng w
Bugsaaul woy yeusq ainyny psjoadxe ey} o} ealele.) seuea saoud ybiy Subieyo
AgQ aeys vew wauno Bumojdxe jo Agenod sy epko SSBUISNG 8Y) J8A0
"SENSS! JJWOU0I90I0BW WS ejeuunl ABW [BPOW NG BY) MOUS am ‘Aleuly

"sioeye JBjIS AJOA BABY SiS0D
Bujoums Jo spunt Jusselip eseL)l 1EL} MOUS aMm Ing ‘sjunoosip sseyaind-leedel
10 S10BRU0D Ag pelesio ‘(BIOJE 64 JBYl 8SOL} PUR ‘SISOD UOlDBSUBRY SB
yans ‘(jeiros) [ea) ase Jey) sjsod Buiyoyms usemiaq seysinBupsip sishleue np

"SESESIOU] jesmil ey Jo umoll Jo elB! sy} SB pUR SOSBOIOUE SIBLINSUCS |0
JeAouin) ey} S |[ef $80ud UOHIPPE U] '0S OP SI8WNSU0D SB |2} 1N 80L 81rny oy}
JUNoOSIP sty sk 85U §S00 BUIYOIMS Ulim JexueW B Ul Saoud Jey) moys OS|E apy

‘51500 Bunjoums
Uiim jesiei 2 Ut saseeloep wuy 1aBie Alleniu) eyl jo sousuiop oy} 05 ‘seiBys
[enba 0} 51 80usblanuod ey} S1S00 JLIBLIWIAS YA "oIRIS-ApRe)S 8jqels 0} Apidel
Ay pue Ageouciouow ebleauco saieys jesuew Jeyr mous pue ‘ebejueape
1800 B SBY WU} QU0 UBLM PUR SIS00 [BOIJUSDE BABY SWHI USYM YIog “oous Aue
10 A1jus meU IoYE Bl 18A0 BAIOAS S80I PUE SOJBYS 1MIBW MO SUILEXS Bp4

‘Jonpoud sjuaquinou
BU} Cjul YOO} SI IeMJBW BU} j0 Uoiorl e JBuY) ebeueApesp 9y 8WO0IBAC
isnu JueRUus Ue yBnoy) ueas asea oy} g 6SIMIBUIC PNOM UBH] SAIIBINE 810w
aq Aew AU meU Jey} UBSW SIS0 BUILOIMS Ujim 1w e u sjyoid seybiy ey

"euo jeieusl siouw ey si JNsel Ino Jeuyy Buiaslaq 10} suosesl [BIeAes BAIB am
‘sploy 1nsal eysoddo ey} YoIym i SIBPOL 1OTISUCO 0} sjgissod Si )1 BljUAA "SISO
Buiyoums 1noum 1evpew e u uey) seybyy ase ‘siyoid ose si0eieU) pue ‘seoud
'sejeunuop seaud YBiL 185 01 sAUSIUL SU JBLL {ISABMOL 'MOUS BN "SIoWoisnD
mau JoeIE 0] sealid mof eBieyd o) eauesyy ey 1sueBbe ‘seoud yBiy yum seseq
JBWOoSND JUsUND 18y} HOJUXs 0} BAIUSDUL S} O aDE SN suy spoped Jayjo
If2 U "aaning euyl Ul S|gETEA 84 JiIM JBY] s18YS |exsewl ainides o} JepJo ul 's1s00
Buiyolims ou a1em ey} it bey; seoud 1omo] 18s AjjeaidA} swy IseqU0D 1) ‘pouied
181y 8 u| "seoud yBpy o} spee; siswwolsno Buysixe ISy} J19A0 temad suiy 'S1500



Ry

References

Abren,D. (1988) : ‘On the Theory of Infinitely Repeated Games with Discounting’, Econometrica,
56(2), 383—396

Banerjee,A. and L. Summers (1987) : *On TFrequent Flyer Programs and Other Loyally Inducing
Arrangements’, Harvard Discussion Paper No. 1337

Beggs,A. (1980} : A Note on Switching Costs and Technology Cheice’, Journal of Industrial
Economes, 37{4), 437440

Bils,M. (1985} : ‘Pricang 1 & Customer Market’, Discussion Paper No. 31, Centre for Economic
Research, University of Rochester

Bils, M. {1887) : *The Cyciical Behavious of Margmal Cost an¢ Price’, American Bconomic
Rewview, T7{5)}, B18—835

Camnal,R. and C. Matutes {1989) : *On Precommitment and Competition : Endogenous
Switching Costs :n 2 Duopoly Model’, Discussion Paper, Institut d'Analisi Economica,
Campus Umiversitat Autonoma de Barcelona

Farrell,}. and C. Shapiro {1988) : *Dynam:c Competition with Switching Costs’, Rand Jourrai,
19(1), 123137

Farreli,J. and C. Shapire (1989) : ‘Optimal Contracts with Lock—m’, American Economc Review,
79(1), 5168

Friedman,}. (1988} : ‘A Modified Folk Theorem for Time—dependent Supergames’, C.0.R.E.
Discussion Paper No. 8809

Froot,K. and P. Klemperer (1989) : ‘Bxchange Rate Pass—Through when Market Share Matters’,
Amencan Economic Review, forthcomung

Gottfries,N. (1988) : ‘Customer Markets, Credit Market Imperfections and Real Price Rigidity’,
Discussion Paper, Institute for International Economic Studies, Stockholm

Green,J. and S, Scotchmer (1988) - ‘Swiiching Costs as an Explanation for Price Dispersion’,

Working Paper, Graduate School of Public Policy, University of Califorma, Berkeley

1. Iniroduciion

In many markets, switching costs give each consumer a strong sncentive to continue buying
from the firm from which he has previously purchased, even if other firms are seiling functionally
identical products. Examptes of switching costs inelude the transactions cost of closing an account
with one bank and opemng another with a competitor, the tearmng cost incurred by switching to
aew make of computer after having learnt o use another brand and the artificial switching costs
created by frequent—{flyer programs that rewara customers for repeated travel on a single airline.’

Managers often seem more concerned with market shares than short-run profits. Switching
costs explain why this may be rational behaviour : switching costs give firms a degree of monropoly
power over their customers and so make eurrent market shares an impertant determinant of
future profits. Switching costs can thus help to explain pheromena such 2s the discounts firms
offer 1o attract new purchasers, and the price wars that occur when Lhere 1s new enity nio a
market.? Switching costs may, moreover, have important implications at the macroseonomie levet,
The vatue firms place on their market shares can, for example, expiain both why price—zost
margins appear to move counter~cyclically over the business cycle and why trade balances may
respond so slowly to exchange rate changes.3

Several authors have used two—penod models to analyse markets with switching costs.® In
the second period of such models firms® power over their existing customers leads to high prices
and in the first period, therefore, irms typically set lower prices than if there were no switching
costs, 1n order to capture market share that will be valuable in the future. Such models do not,
however, tell us what to expect from competition over many penods when ‘old’ locked-in
customers and ‘new’ uncommitied customers are intermingled and firms cannot discriminate
between these groups of customers, Will firms’ temptation to exploit ther current customer bases
lead to higher prices than in the absence of switching costs, or will firms’ desire 1o attract new
customers iead to lower prices 7 Similarly, two—peniod models cannot easily address whether
consumer switching costs can remnforce a dominant firm's position, or protect an incuymbent from
new entry, wher a flow of new uncommitied customers 3 arnving and replacing a fraction of old
consumers 1n the market. Furthermore, two—period models may 1ot be the most satisfactory ones

for analysing the effects of business—cycle fluctuations, exchange~rate changes or other shocks,
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A¥This resuit might also be reversed, even with rational expectations and without precommitment,
if consumers were imperfectly informed about costs. Then, we conjecture, consumers mght
anticipate that firms with fower prices had lower cosis and so would charge lower prices in the
future. Consumers would then become more sensitive to price cuts as mo increased.

3¥The resuit 15 not, however, reversed if consumers have transport costs {and constant tastes with
rational expectations) in every peniod. In this case prices increase rapidly 1n mo because COnSUMers

care more about their future transport costs.
HIn our model the condition for prices 1o be higner :n the infinite period modet {or 1n the middle

period of a very~many—period model) than in the last peniod of a finite period model is,
approximately, h:mo > mw. and the result cannot hold i mo < mm,. If however consumers have

transport eosts i1n every penod (and constant tasies) then the price 1n the infinite—honzon model
{and in the middle peniods of a very-many—pencd model) 15 multiplied by :CJ&OV and the

price 10 the last period of a finite honizon modet is unaffected, and the former must be greater than
the latter if mﬂ = mm_. The reason 15 that the expected discounted value of a new consumer’s

transport costs 15 falling towards the end of the market and so prices fall.
35[a fact v decreases with ._mm and increases with u.o. The former effect is due to the fact the

convexity of firms® value functions means that new consumers are more valuable to a larger firm
than a smaller one, whicn narrows the amount by whica the larger firm’s price exceeds the smaller
firms® prize, and that this 1s more important the more firms value the future. The latter effect 15
mny.

35The results of this paragraph remain tree if, 1n the market with switching costs, consumers have
transport costs (and constant tastes) in every penod. In thiscasep > ¢ + Qﬁl_omﬂv for all x.
37The exceptions are restricted to farge cost differences together with small g and either very low
or very high mm, and mo. The lower-cost firm’s steady—staie price and profits and industry
steady-state profits are always increased by switching costs.

¥EWith minor exceptions the comparative statics of firms’ steady-state pnces and profits with
respect to Pmm:mo: and a common discount factor mnﬁmm, are as jor the case when they have equat

costs. The exceptions are that a high—ost firm’s steady-state price and profits may decrease 1n
mo, its price may decrease :n p and a very-low cost firm’s profits may nerease in mOHmm.. The

lower~cost firm’s steady—state market share 15 increasing n by, 1n mohm , and, for g greater than
about 3/7,1n _mn. If old customers have transport cosis (and unchanged tastes), this increases the

effective differentiation between firms. It 15 then unambiguous that the higher—cost firm’s
steady~state market share, price, and profits are all larger with switching costs than without, and
that iis price increases in p. Further, the effective differentiation 1s increasing 1n mO_ s0 hoth firms’

prices aad profits and the higher—cost firm’s market share 1mcrease in _mO and increase in mﬂ = mm,.
The other results of this section are unaffected.

IAnalysing the circumstances under whick firms would wish to make such commitments is
beyond the scope of this paper. It will however be seen that all firms’ profits are higher when such
commitmentis are the industry practice than wher no switching costs are created in this way.
Further, Caminal and Matutes (1989) show that such commitments arise endogenously 1n @ model
very much like the two—perod version of this one.

19]{ we perform the analys:s 1n terms of the price p = P — 5 that their old customers pay, many of

the equaiions (1-8,10a,11,12,15a,16,17,19,20) are unchanged, while the others are only slghtly
modified to account. for the bonus that firms are paid by new customers.

+Consumers’ expected payments are different if mﬂw&w, but the relative values of the two firms*

price paths 1s unaffected so consumers’ behaviour is unaffected (for appropnate vatues of r and R).
Note that firms* per—period profits are affected even 1n steady state {a fraction p of consumers

demand for a single unit of the product. In each pened a cohort of v ‘new’ customers enters the
market. These consumers tastes for different vaneties of the product can be represented as being
uniformly distributed along a line segment |0,1}, with the firms A and B at 0 and 1 respectively. A
new consumer at y has a ‘iransport’ cost of ty of usimg A's product or 1(1~y) of umng B's product
m the penod he arnives, and values consumung the product 1n this penod at © less his transport
cost. In each period, every *old’ consumer {i.e. consumer who has previousiy purchased the
product) values consuming the vanety he has previously purchased at R.7 It is assumed that once |
consumer has bought a given brand it 5 too costty for him to switch to another. (It would be
strarghtforward to include switching costs explicitly tn the model and derive conditions for the size
of switching costs such that it 15 never optimal for any consumer tc switch or for any firm to
mduce any consumer to switch.8) For simplicity, we assume that an old consumer who fails to buy
remans an old consumer next penod, but a new consummer who fails to buy must leave the market
After each period a fraction 1—p of both new and old consumers leaves the market {*dies’). In
every period, every consumer who purchases has an equal likelihood of dying, irrespective of past
history.

Firms and conswmers have rational expectations and discount future revenues and costs
using discount factors mm., < 1and mO < 1 per penod respectively. We will be most interested in
tae case 1n which mm, = mou but note that our formutation allows us to show the effect of consumer
expectations within the model. In particuiar, the case mo = { corresponds L0 mMyopic consumer
decision—making, which may be 3 more reasonable behavioural assumption than rational
expectations. ¥ Also, mO = [} corresponds to a general modet of competition for market share when
current market shate 1s a linear function of past market share and the difference in firms’ prices
{with rational expectations it evolves 1n the same way but the function of prices 15 endogenous to
the maodel and depends on the consumers’ discount factor).

Let the carrent stock of old consumers be 5. We will be interested in the steady state wher
v=(1-p)§/p.

In each period each firm non—cooperatively and simulianecusly chooses a price to maxamis
115 totat expected future discounted profit. ! We write firm i’s prices and its corresponding profits
2 piven pencd as p, and 7, and if its current stock of old consumers 15 x; we write f?ﬂ for its

expected discounted profits and Smnxb for the expecied discounted utility of an ‘old* consumer
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Footnotes

!Another kind of switching cost anises when uncertainty about product quality makes consumers
reluctant to switch to untested products (see, for example, Schmalensee (1883)). Here however
additional complications arise, due to the possibility of prices being used as signals of product
quality and due to the existence of groups of customers who tried a brand ard did not like it. We
ignore these issues. For other examples of switching costs see Farrell and Shapiro (1088}, Green
and Scotchmer (1986), Klemperer (1987a) and the references they cite.

For & discussion of new entry when there are switching costs see Klemperer Mwmmmv. See the
discussion of two—perod modeis below for an explanatior of why firms offer discounts to new
customers, and Klemperer (1987a) for further discussion and examples. The model we set out
betow applies when firms cannot offer discounts only to new costomers (because old custormers
could successfully present themselves as ‘new’ or because Lhe good could be resold).

38ee Section 5.3 for discussion and references.

&mmmwﬁmammmsammﬁamamﬁmm.w“mmmmmCmmwv_qu:nwmwaagmnﬁmmH.Emwv“m,ﬂooﬁmnn
Klemperer (1989} and Klemperer {1987a,b).

53¢e Phelps and Winter {1970).
®See Katz and Shapiro (1983).

L would make very little difference to the model i old as well as new consumers had transport
costs {see Section 4.2).

#1a Farrell and Shapiro’s ( 1988) multi—peniod maodel also, no consumer switches beiween firms 1n
equilibnum, but in Kiemperer's {1987b) two—period model some consumers do switch m the
second period.

mawasm &m,m_.mimmmcﬂvﬁommumnmEomEncaw:,mQEmmowczcmimm:a,aﬁsom_mmmmmnnnum
range of parameters for which it is valid.

®]t may be more reascnable, for example, to assume that when consumers see a firm charge a
lower—ihan-expected price they do not change therr expeciations about future prices than to
assume that they interpret the low price as foretelling a higher—than—onginally—expected price (as
wouid be the case i our model).

HAl a firm’s customers pay the same price. Thus this model does not apply directly to
contractually created switching costs (Tepeat—purchase discounts, frequent—lyer programs ete.) in
which firms recelve lower net prices from repeat cusiomers than from first—time Huyers. We
amend the medel to analyse this case in Section 5.1 and show that when firms and consumers have
a common discount factor this amendment makes no difference to firms’ profits, the evolution of
market suares or the effective prices that consumers pay.

2Given the prices that firms set in the belief that consumers are myopic, consumers are m faet
optimising in Farrell and Shapiro’s model by considering only this peried’s price. However if firms
believed that consumers were rational they maght set dilferent prices. In our model, equilibnum
prices do depend on whether consumers are rational or myopic.

“Farrell and Shapiro also consider a model with growing demand in which each penod the namber
of new purchasers 1s larger by a factor  than 1n the previous penod, and in which the market
shares are always 1/{1+7) and 7/(1+7), and a modei with fixed costs whica sometimes yields
comptete monopoly. In an appendix they aiso set out a model in continuous time but their
anaiysis of it makes non—primitive assumptions about value funcions that are not satisfied by our
madel.

HWe thus rule out the kind of pumshment strategies first studied by Abren (1988}, which mghi
aliow more collusive equilibnia to be supported. Cur game 15 not a repeated game so his results are
not strictly applicable, nor does it fit the assumptions of the folk theorem for time~dependent
supergames proved by Friedman {1988), but these results are certanly syggestive.

15The proof of this result consists of denving the recurrence relation between the coefficients of the
value functions of the finite honizon problems with T and T+1 stages to go and applying the
Contraction Mapping theorem. The zlgebraic detail is somewhat iedious and is omitted. For both

o

3. Solving the Model

We look for perfect {closed-loop) Markov equilibria, r.e. equilibna ir which each frm’s
strategy depends only on the state {its stock of old consumers), but not otherwise on history. 1

Qur method of solution 15 constructive. We congecture that firms’ equilibrum prices and
consumers® value functions are linear 1w the state, that firms' value functions are quadratic in the
state and that consumers always buy. This allows us Lo denive 1 Section 3.1 equations which must
ve satishied by equilibria of this form. We then show in Section 3.2 that these have a BRIGgUE
admussible sclution. In our denvation we neglect certain consiraints, such as non—negative sales,
whick must be satisfied. In Section 3.3 we therefore check that for a range of parameters our
solution 15 indeed a s0lution to the constrained problem.

With myopic consemers, our model reduces to a finear—~guadratic game, pius some
constramts, so it 15 natural to jook for fingar sclutions. With rational expectations, the situation 15
less clear but an easy inductive argument shows that the oniy possible pire strategy equilibrnzm
of a finite horizon model is of this form, so it is natural to look for such solutions 1 the infinite
homizon case. Indeed, it can be shown that the unigue pure strategy equilibria of the fnite hornzon
versions of our mode! converge to the equilibrium of the infinite horizon game. 15
3.1 Eguations determining the solution

Assume that 1 equilibnum if firm 1 enters a period with x old consumers then

Mwwﬁxv =d; +ex {1)

Assume also that firm 1 has value function

Vi) =k +Lx + B.mv.w (2)
and that an old consumer buying from firm 1 has vatue function
Wi(x}= B+ b x (3)

To find the equilibnum we need to determine the three sets of coeffictents associated with
the functions above. Solving the new consumers’ optimtzation problem [using (1) and (3)) allows
us to find the equation of motion of the system that delermines next penod’s state (x) as a
function of this period’s state. Since the value functions must be the sum of current payoffs plus
the discounted value function starting next penod, we can then sotve for each of the coefficents of

m::m_w:unowmmSmG.<E:m?:nromm {k, Lam;.g; and rL 1n terms of the parameters of the price

fanction (d. and mu. Finally, solving the firms’ optimzation problem yields equations for each of
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equate coefficrents with (A7.2) to obtain w,.. ;» and m, as functions of nb_ dg. €4, g and the

1
parameters of the system.

If firms charge p, and B Lthe location of the marginal new consumer 15 giver by

mu.' .
ngm«vwﬂu = I._w.»lu + G%HV (A7.18)
where @(x) = 1/2 4 3.<%&+<<%ml£<wp 15 8 linear function of x. Hence x will evolve according
to

= 37 ¢(x) (A7.11)
= o4{P; %) (AT.21)

The current profits firm : makes by charging p; are

Wmﬁﬁﬂﬁw_u& = mUu - nhv m%mNuﬁ@u“ﬁHNw + kv
Hence we can find optimat prices for the firms by sobving the continucus time Bellman
egueatlon

0= Bmw .“ﬂ.m + <W @ — .ym_.,ﬂ (A7.12)

Looking for solutions of the form (A7.1), (A7.12) gives us encugh equations to determine d;
and e ard hence all the unknowns of the system. As before, €, and m; are independent of i.

Asn the case of discrete time, it 18 simplest to solve for p first. Using (A7.8}, (A7.9) and

{AT.12) we obtain ) )
Ap-Ap/2) (p+0+1) 1
(+1+Ap/2 T.;nlt
It can be checked that this has 2 unique negative root, iying between —(148) and ~0. Only
this root 15 admmssible, since g > 0 would impty that the system would violate it constraints.

Asn the case of discrete time, we must check that it was safe to 1gnore the bounds on the
systern. The obvious analogues to conditions (a) and (b) are satisfied if r 2 mgxy K».m.mwlﬁwﬁmvw

H
and R 2 max, {d+eS}. (c) s always satisfied. An easily suificient condition for (dys R ¢ mxy
1 ey F ) . HEE.
{d.+e5}. (¢} will certainty hold if 63 110 the symmetnc case (the argument 15 the anatogue of

that used to show p < 0.5 in the discrete fime case, and this bound — like that one — can be
improved) and {e) will aiso be valid if the model is not too asymmetnc.

H one :mposes the constraint that no firm can take more than 100% of the new customers,
(A%7.11)} becomes

x = —fx + min{max{ &Nmﬁvm_vwwyﬂ.%w (A7.31)"

g+ =

+ L (A7.13)

Note that the righi-hand side is still a Lipschitz function of um_w.m and x. Hence, the equation for x
will be Lipschitz in x i i and j use strategres which are Lipschitz functions of x. Moreover, it is

non—negative at x = 0 and non—positive at x = $. Therefore, using Hirsch and Smale (1974)
p.172, there exists a umique solution to {A7.11)" from any initial position 1a |0,58], which 15 defined
for all t. The usual sufficiency argument then shows that the solution we have found for 1 is 1ndeed
an optimal response 1n the ciass of Lipschitz strategies to ). We have therefore found an
equilibnum when players use Lipschitz strategies. mg.\..ﬁ.w: really ensures that the presence of
the fnite boundary 15 irretevant. )

It is now not hard to develop formulae for d.e and the other variables of interest. In

pariicular, /2) |
[ 2) (p4041) 5,
S (o ey 3 R (A7.14}

and, n the symmetnc case, with nw £ n.m =

with x old consumers its total sales are {5, + px)/p 1n equilibrium. Therefore,

...m?& = Ew.m.mwalnmx.ﬁ + /e + mm.<%.dm+tkv {9)
Using (2) we can equate coefficients to obtain
3 .
m = eplp + bpmp” (10a)
L= {d;—c;)ufp + e;m/p + Splp + 26pmpn, (10b)
2
wm = ﬂamlﬁvqm\h + mwucw + _mdm + m. T, ) (10c}

which we can solve for each of r.t i and m. in terms of dy,dp. €y, ep and the parameters of the
probiem.
Finally, we obtain conditions for firms' optimal pnorg. If firms charge P and w,w then the -
the marginal new consumer, who obtains the same expecied payoff buying from either firm, 18
located at the distance from i, N&P%Q_,wv» that satisfies
=Py + peWi{1-0)S2,(ppy ) + o)) ~ 12;(py.p %)
= Pj WS — ((1-9)5Z{p; pyx) + px)) — t1-Zy(p;.p ;X))
(1)
Substituting for W. using {3) and re~arranging,
Zipopyx) = (b~ )2 + gx) (12)
It which t* = { — ??In?ﬂm?».f:mv:w and y;(x) is a linear function of x, and depends on g,
Bp .nb, fip and the parameters of the problem. Thus, with rational expectations cne can think of
consumers reacting to price changes as if they faced the effeciive transport cost ¢* rather than t.
With naive expectations, mo = (0s0t*=tand o= 1/2, independent of x.

Optimal bekaviour by firm 1 therefore requires

pi(x) € amﬂmzpﬁxm + ((1-0)/ )52 p;.p;%))

+ mm..ﬁm?ow + :l.cvmwwﬁwm_vh._mvvw (13}
Differentiating {13) with respect to p;; using {12), we obtain the first—order conditions for
{'s equilibrium strategy
PPy (pi-¢;
%+ S({1-p)/ 0} (== + #(x)) — —spe ((1-0)/ )8
Hv.| .
+ (~{1p)[26*)8 851+ 2my(ox + (1-p)S(~hsrs + 3, (x)))) = 0
(14)
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A3

¢, + ¥y + ex {using (A2.2}}
=c + Y7 + o5 + ﬂml umem
Now (6} implies that X; = 7 +og, m which x; = 0.8 is ©'s steady—state share of old
customers, $o 0, = s\al_&mv. so we have

p=c¢ + 20w+ ﬁm - a.mv,c (18y
 which w = 7 (€8 + (1-)¢5) and v = 5. (A5.1)
9
1=
) 9 = NP@ F
Using {A1.2} and (A1.3), v Tl_c W.HW.HM
F
Using {A1.2) and (A2.2 o PO Al3
sing .2) and (A2.2) w= = ﬁ iI.|qu&. and now using fA1.3)
2t
t* 2ép i 2 2
we= s T — e = wu sousing (AlS) w= 1= (L +p o.O — _etu.O - Aw.omm,\mwlmm,t )8
(3-Bpp”) t* P
We can rewrite [18)" as )
plx)=c, + w+ (F—5)v+ (0~ 5) 2w~ 1) (A5.2)

50 noting agam that o, = 7 /({1~)8) and using (A2.5),

plx)=c +w+ ﬁm vad.m. Hn.mlnLn Emu
1 which (= (2w-2)/(2(1—)S(£+1)). Now (I—g)yS = 2w — eS from (AS5.1), so substituting for £
using (AZ2.4b) and for e using (A3.1}, we obtain £ = (2u-v)/(4w+2(1—pé)t). Companing (A5.2)
and (18},

5 = 5 + (o) (4w 2 1-pb)1) (19).
order The approximations for w,vand { are obtained by g~ 5/3 and neglecting terms of high
{A6) Temperary changes 1n parameters

Assume the model parameters are mb,mw_mo‘ wm_ and p1n the current period and

mbunwum umm. and p1n all future periods. Then the position, N?Tv@,xv“ of the marginal new
consumer 15 determned by

- nwoém:Tamﬁ%_._ﬁ.&ixz =1Z(pp0;x)

= —pj + pboW(5~((1-0)82,(p; D x}px)) ~ U{LZy(;,p; X)) (137)
where W;(x} s the function of nb_nm__mo_mm_ and p determined in the ongial analysis, so
: {p;py)
Zi(pppx) =~ + B(x) (12)
P 9 * i
i which T* = ({1 + ?rctvbwov and &(x} = (t + ﬁwoﬁmwl .mlwmv + w_owwo?i\m*

Differentiating equation {13°) of the text with respect to p; we obtain the first—order
condition

3.5 Range of Validity of the Solation

We now check the validity of the assumptions made 1n our derivation. Sufficient conditions
unaer whickh the equations above are a solutior to the model are that 1n every penod (2) all new
consumers prefer to purchase from either firm rather than not buy at all?®, (b} all old consumers
wish to purchase, {c) equation {13) specifies a concave problem for eack firm so that the
first—order conditions are yelding maxmma s (14), {d) no firm would prefer 1o rase its pnce
above the level specified by (15) and serve only old consumers {the mathematics has (incorrectly)
assumed that at sufficiently high prices a firm sells to a negative number of new customers and so
it underestimated the profitability of very high prices — we must therefore eonsider such strategies
separatelv). (e} the equations (15) do not require a firm to serve more than 100% of the new
consumers (as noted above, the mathematics kas not explicitly inciuded this constraint).

A condition that ensures {a) holds s 1 wﬂmww.,.nmwaw+mm+ﬁlbmoz<mﬁwﬁmvz, that 15, every new
consumer would prefer to pay the highest price ever charged in equilibrium rather than aot buy at
all. Condition (b) requires that R w.wmwwr..nmﬁm.fmmw. Simpte algebra {see Appeadix A3} shows that
(c) is always satisfied provided — &t < » < 1, 1.6 the system 15 stable, which is in any case required
for (e). Condition {d) requires (R—¢;)x + 85V, (px) ¢ Vj(x) for all x. We now show that this 1s
certarnly satisfied if R ¢ max {d.+eS}, so long as (e) holds.20 Without ioss of generality, let € >

Fxany
J.u sod, > m..m_ Given (e}, 1 sells to a non~negative number of new customers i it sets a pnce nw.+mm
when it has S old customers and ; charges n.m. From (12) it follows that it would certainly sell to a
non-negative number of new customers at any smaller share of customers if it charged di+eS and
its competitor followed the strategies specified by (15} {since e ? 0, £* > 0, s__?u < 0~ see
Appendix A2). Since j has lower costs, customers prefer, cetens paribus, to buy from 3 o J would
certamnly sell to & non—negative number of new customers if it charged d;+e5. (Note that js
nival's equilibnium prices are higher than i's nval’s prices.) It follows that, since the previous
anatysis kas evaluated the profitability of either firm charging any price up to m.m.+mm correctly,
neither firm will deviate.

The final condition to be checked is {e). An equivalent condition s that our solution

specifies that each firm will always sell to a non—negative number of new customers, or that each

firm has at least as many old customers next period as it would if it had sold to no new customers,
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Al
Appendix
{Al) Derwaiien of equation (16)
From {10a}
= mmn? (AL.1}
mps ey
1- _mm..:
Hence using {15a) and rearranging )
1—6 H *
F m}mﬁ (A1.2)
e =y = B — =
A~ B H.?mm&: 1=p
Substituting for e 1nto (6b) and nsing the defimtion of t* we have
2
n wllﬁ "3 (A1.3)
H+&m&: t

Now from (8a) b, =hp=h= —&/( TEGB, 50 using this expression to substitute for e1n (6b)
pt 4+ (1-p)S(1—pbou)h
b= U= HT5eCsh
Rearrangng yieids

= e (A1.4)
o’ .
Substituting for h 1nio the definition of t* we obtamn i
t* =11 + (pu)pe) (AL5)
Finaliy, substituting 1nto {Al) yields
3l
Y il
1 ﬁm% 1+ (upog

This 15 equivalent to {16) in the mam text.

‘A2) Ezpressions for other varwhles o ,
(42) We can mzmﬂmwﬁm d; — ¢, from (10b) using (15b) and eliminate e; using {A1.2) to obtain

w.uwﬂmﬁ .TL nm I,I&I*FIM CG.S
rop {i-s 1 P m:lbv:..vmmﬁ )
Substituting for 1, mto (15b) and eliminating m; using {A1.1) and {A1.2) we obtain
6 = =¥
1 which .
2¥(1-28p p-bpi }
5(1-p) Siwnmw ,
Now using the fact that e, =ep and WJ, = Rp We can use {6b) to rewrite (Ba) to read
n, =585 - Cogls(a.a) — péceiey) (A2.3)
After elimnating g, — g; using {8b) and {8a) we can subtract the expression for 7; from
that for 5; to obtain

(A2.2)

P=

il

are very different, our equations do not determine an equilibnium because (d) and {e} fail. At least
one firm prefers to specialise 1n seiling to its old customers alone and leave all the new consumers
to be served by its rival, given the rival’s congectured behaviour. In fact, with asymmetric costs
one firm may completely Gominate the market. With symmetric firms but a very small flow of
new consumers we conjecture that an equilibrzm 1avolves mixed strateges. This 15 because a firm
whose nival was charging a relatively low prnce would set the {(high) price R to fully expioit 1ts
own old consumers, but & firm whose nivat was charging 2 high price at or ciose to R would
urdercut its rival slightly to attract the new consumers without gIVIng up too much reveane on 1ts
old customers. Thus no pure strategy equilibium may exist. For the rematnder of this paper we

assume p < 4/7 and the other parameters are such that an equilibrinm 1n linear strategies exists.

4. The Nature of Competition

This seciion describes the nature of the equilibrium 1n our model. In Section 4.1 we explain
why market shates evolve monotonrcally, 1n the direction of decreasing dominance, and converge
rapidly. In Section 4.2 we exarune the reasons why, when firms have equal costs, a market with
switching costs always has higher prices than a market without switching costs. We perform
comparalive stztics on the market price and we also analyse the relationship between our model
and the corresponding two-period model. In Section 4.3 we discuss the dependence of firms’
prices, when they have equal costs, on their market shares in the previous pertod and examine the
ease of entry 1nto a markei with switching costs. Section 4.4 bnefly considers the case of

asymmetric cosis.

Before proceeding, we collect together some expressions that will be useful for our analysis.

We can write firm 1°§ price as

‘ X 1
Pi(x) = ¢ + w (F- v+ (e5)¢ (18)
or alternatively as
p(x) = + 200w + ﬁm% o)v (18)
in which i's steady—state market share 13
o1 £ :
o=+ (18)

2 4w + mﬁminmov»
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5.4 A Continvous Time Model

By devetoping the multi—period mode! in diserete tame, we have facilitated compansons
with exasting two—pertod models; our modei also makes anaiyses of the kind described in Section
5.3 quite straightforward. In this section, however, we sketeh how & continuous time version of our
model can be developed.

As pefore, we assume that every new consumer derives instantaneous utility rless a
transport cost from purchasing the good at the time at which he aroves. In the interval (i,0-+4dt),
every surviving old consumer has probability dt _+oaﬂm: of wishing to make a purchase, in which
case he denves mstantaneous uiility R from a single unit of the vanety he previously purchased,
and has probability 8dt “+oapuz of leaving the market. New consumers arnve at tate 45, so the
mass of consumers i5 constant at . Let the firms’ and consumers’® discount rates be ym, > {0 and
\,,O > D respectively.i8 As before, the state of the system 15 firm i's stock of old consumers, x.

By performing an analysis that closely parallels that of Section 3, we can show that for
large enough £ {that 15, when 2 latge enough fraction of sales ate to new consumers) and
not—too—dissimilar costs, there 15 a range of r and R for which there 1 a umque Markov perfect
equilibrium in which firms® prices are linear functions of their shares of old consumers. As before,
firms’ value functions are quadratic and consumers’ vatue functions are linear functions of the
state. Firms' shares of sales converge to thewr steady—state values at an exponential rate.

The main results of our discrete time modet apply. When firms have equal costs, both
firms’ prices exceed therr prices 1n the absence of switching costs, whatever their market shares ¢ In
symmetric steady—state equilibrium, prices are increasing :n firms’ discount rate, decreasing in
consumers’ discount rate, and increasing 1n the fraction of sales that are made to old consumers.
The value function of a new entrant 15 atways higher with switching costs than without them.

Details are given in Appendix AT.

6. Conclusion

T'his paper has presented a model of dynamic competition with switching cosis.

We have shown that prices and profits are higher than 1n a market without switching costs.
Our analysis 1n Section 4.2 showed that while it 1s possible to construct models 1z which the

opposite 15 true, there are several reasons to believe that oar result 15 the more general one. We

13

1 our model firms must consider the effect of a prce cut on their value functions as well as on
their current profits. Note, however, that if the static resuit were expected to be overturned in
future penods, that 1s if larger firms charged lower prices after this period, then firms® vatue
functions would tend to be concave — mdeed would have to be in a linear model like ours — which
would increase the gains to the smaller firm from a price cutl relative to the gains to the larger
firm. Thus the currentty smaller firm must charge the lower price in the current period and so of
course 1r all future persods as well.

Since the farger firm sets the higher price it sells to fewer new customers and so must be
selling to more old customers. Therefore, snce all customers die at the same rate in onr model, it
must have sold to more customers 1n total in the previons period. Thus the larger firm always
remains larger : market shares converge monctonically.

A similar iatuition applies even when firms have unequat costs : a firm currently selling to
more than its steady—state share of consumers must, to be in equilibrinm, be selling at & higher
price—cost margin than it does in steady state. Since its opponent 1s therefore selling less than m
steady—state, the opponent’s price—cost margin is below its steady—state margin. Hence the first
firm selis to fewer new customers than it does 1n steady state. Hence it must be selling to more cld
customers, and §0 musi have had more than its steady—siate cutput in the previocus penod.
Therefore convergence 15 monatonic.

Note that the 1ast step of these arguments would not appiy in a model like that of Farrell
and Shapiro in whick all customers live exactly two penods. In such a modet the firm currently
selling to more old customers must i the previous peniod have sold to more new customers, that
18, bave been the smaller and lower—priced firm in the previous pentod. Thus market shares
oscillate about their equilibrium values 1 such a model.2? We believe our result 15 the more natura
one.

If firms have equal costs, thewr market shares converge to equality from any starting point,
so the domunance of the mmitially larger firm decreases. This is in spite of the fact that both jont
profits and the sum of the firms’ vaine functions are maximised at the boundary (market shares of
0 and 1},23

These results contrast with those of Harris (1988) and Vickers (1986), who find in a

general model of competition for market share that if joint flow profits are maximised on the
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those 1w a (static or growing) market without switching costs.
5.8 Temporary Changes in Parameters

Section 4 was confinec to an examination of the effects of permanent changes in the
parameters. For some applications, however, for example the investigation of pricing across the
business cycle or the effects of future tax changes, we need to explore what happens when some
parameters are temporarily different from their long—run values.

Suppose that costs are currentiy & A and mw and discount factors are wo and wm: but these
parameters will be ¢ A and tp ard mo ang mm, in all future penods {changes i p are harder to
handle as they affect {he ratic of new to old consumers 1n all future periods). The equation, (13),

determining firm i’s optimal benaviour becomes -

ﬁm?& £ argmax A_”Q.v»|muu (x+ Aﬁw|bw\_ovaHCu__ﬂu HMMOHQO.mm:_PG.PunwVV
P

i
+ 0 Vi(px + (1-p}SZ(... N} (13y

1n which ﬁ?& 15 the function depending on n_P,nwumO.mm, and p determmed by our previous
analysis, and N,.C specifies how consumers divide Lthemselves between the two firms as a function
of both current and future parameter values. It 15 now straightforward to determine Nwh.v using the
anaiogous equation to (11) {in which ﬁm?& 16 the function depending on ¢ ,cg.8n,5p and p

determuned previousty) and hence to obtain expressions for p 4 and pp. For example, in symmetric

steady—state equilibnum {with Ep=tp=tc,=cpx=5/2),

p=C+ L

. mmm__u 5
; o 11 (b — —— {21)

b
{see Appendix AB).

We can now address a number of guestions in addition to the straightforward comparative
statics on costs and disconnt factors. For example, an anticipated future increase 11 the corporate
tax rate from 7 to 7 > T mauitiplies the value of all revenues beyond this pened by (1-r}/(1-7)
and s0 15 equivalent 1o multiplying firms* current period discount factor, wm: by {1—7)/{1-F) < 1.
We can see from (21) that such a change reduces the vatue of market share and so increases
current profits, but since (in symmetric equilibnium) firms* current market shares will remam
unchanged, before—tax future profits are all unchanged. 44

As another example, a one—period ‘boom’ in which all consumers’ demands are multiplied

15

switching costs always has the higher prices. It 15 mstructive to examine the reasons for this a
little moze clogely.

The nave argument why pnces will be higher 1n the presence of switching costs 15 that
firms will seek to exploit their monopoly power over their locked—n customers. H customers and
firms were myomc ( _mo = bp = 0}, this would be the only force at work and prices would be ¢ +
{t/(1p)}. If however firms care about the future then they wilt compete more fiercely for new
tastomers, simce these customers will become vaiuable repeat purchasers in the futare. In the
two—peniod modeis of Klemperer (1987a,b) this 1 suificient to imply that pnices are generally
lower 1n the first period than 1n the absence of switching costs. Suppose for 2 moment that firms
had to commil themselves once and for all to a single pnce {and customers are myopic). 1 is easy
to check that, if they are symmetncally placed, the equilibrium prices will be e +
Eﬁlavﬁl_&mv This exceeds c+t, the price without switching costs, since mm,.n 1. Thus the fact
that firms discount the future 15 sufficient to 1mpiy that the desire to exploit old custemers
outweighs the desire 1o atiract new ones.

This conclusion 15 remnforced when one takes account of the fact that frms cannot commit
themselves to 2 single price. In the first place, each firm will be less tempted Lo cut price since it
will realise that a smaller market share for its rival today means that the rival will be more
aggressive tomorrow. If customers were myop:e, prices would be ¢ +
A.Qﬁi_&vﬁlmmtmmxﬁ.wmm%m: * ¢ +{t/(1~p))(1{2pb/3)). Secondly, if customers are rational
they will recogruse that a firm that euts prices today to attract new customers will charge higher
prices in the future. This reduces their responsiveness to price cuts and lowers still further the
meentive o cut price. From the firms' pomt of view it 15 as if consumers’ effective transpord costs
were 1ncreased to t¥ = ﬁ.l.nl&bmor > t. Thus prices nise to ¢ +
,”m*hTnt?lﬁtmm.\ﬁ.gmkmdv which, with a little algebra {see Appendix A5}, we can ghow
equals ¢ + w.

It 15 arguable that even this underestimates the extent to which prices exceed those in 2
market without switching costs. For we have compared a model where old consumers have no
transport cosis to one 1n which all consumers have transport costs.?5 If, m our model of switching
costs, ali consumers have transport costs in every period and each consumer remains at the same

position on the line {unchanged tastes) in every penod, then a new consumer who takes into
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as i the firms® costs were lower by s(1—pbp) each pericd and it received no bonus — the fact that
the firm does not actually receive a bonus on old consumers is irrelevant 1o its marginal
profitability and so does not affect any action it takes. Thus the (unigue linear) equilibrium 1n this
model simply corresponds to that of the onginal problem with firms’ costs lower by s( T..nmmo :
prices are wm?& - ﬂ.wlumm.v 10 old customers, or EC& + m_umm_ to new ones,

‘These prices have the same expected value over a consumer’s lifetime, discounting at rate
bg, as the prices p;(x), 50 firms’ profits are unaffected by whether there are (real) social costs in
switching or whether firms artificially ereate switching costs and {apparently) pay for them with
repeat—purchase discounts. New customers’ expected discounted lifetime payments are unaffected
if bo = mm,
This line of reasomng also shows that firms* profits and the evolution of market shares

41

would be unaffected if consumers of different ages were offered different discounts : all that
matters 1o firms 15 the expected discounted cost 1o them of a consumer's lifetime discounts. 42

When all repeat purchasers receive the same discount s, the net price is s higher for new
than for old consumers. Also, when there are real switching costs, and consumers musi pay the
switching cost (or stari—up cost) to make their first purchase from either firm, the effective total
price nciuding switching costs 1s 5 higher for new than for old consumers. Thus the pattern of
effective pnices consumers pay 15 the same whether switching costs are artificial or real. In the
latter case the effective price 15 nmm_w — the annualised value of the switching cost — higher than 1z
the former case, so the entire burden of the real switching costs falls upon the consumers,

5.2 Prieing 1 e Grownng Market

In this section we ask how competition 1n the presence of switching costs is affected by
steady growth m the market size, We find that although the form of the equilibrinm 15 srmilar,
prices and possibly even discounted profits are lower than in a static market.

We assume that 1n every pericd the nurnber of consumers 15 farger than s the previous
peniod by a factor . We agam look for Markov perfect equilibria. Now however the natural choice
of state variable 15 2 firm’s current share of old customers, rather than its absolute namber of old
customers, Provided ﬁmm. 15 less thar unity, so value functions are bounded, we obtan the

following proposition :

17

Also, prices decrease :n mm: because market share becomes more valuable to firms as they
care more aboul the future and so they compete more fiercely for it. This effect seems fairly
robust. It 15 only partly mitigated by the effect of firms knowing that fiercer behaviour today
results 1n & fiercer rival tomorrow.

We have also seen that prices increase in mo since customers who value the future more are
less sensitive to price cuts. This resuit 1s less robust to the specification of the modet. It 15 nullified
if consumers helieve expected prices are equal across firms and is reversed if firms precommit
themselves 10 constant prices across time. 32

In our oniginal formulation the coefficient on mo 1s smaller in magnitude than that on 8p 50
with either rational or myopic expectations an increase i the inierest rate raises prices. 33

H our model had only two periods then prices in the first penod would be py =c 4+t +
m_iHIEVAG\&?M&QI_&W; and in the second p, = ¢+ t + (pt/{1—p)). Recall that in a market
without switching costs prices are ¢ + t. Ia our model p — (c+t) » 32T&KQBX%.MQ!E%?E.
Thus the effect of switching costs on prices 1n each period of our model is closely approximated by
the sum of the two effects that arise mm a two period model. Since the ‘second—period effect’ in the
two—period model is always positive, prices are always higher 1n our mode! than 1n the first period
of the two—penod model. The “first—peniod effect’ may, however, be of either s1gn. Thus 1t 18
possible that prices 1n every pericd of our model are higher than in the second pertod of the
corresponding two--perod model. It follows that in a (symmetric) finite—period model, prices may
be higher 1n the middle stages than either at the beginming or the end.34
4.8 Asymmetric Market Shares

Each firm’s price increases linearty 1n its market share — firms with more old customers
have 2 relatively greater mcentive to exploit existing customers than attract new ones — and the
rate of inerease, v, is both independent of firms’ costs and also roughly independent of both firms’
and consumers’ discount rates.35 Thus this coefficient 1s ronghly what one obtains in the last perioc
of a finite~period model.

Since firms* prices are linear 1n their market shares, and market shares converge
monotomeally, an incumbent’s price falls monotonically towards that of 2 new entrant. This
contrasts with Klemperer (1989), in which the incumbent and entrants both charge lower prices 1n

the entry penod and both subsequently rase price. In the latter model the new entrants serve a
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