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CONSUMER MARKETS FOR WARRANTIES

ABSTRACT

This paper considors consumer markots for warranties when
consumers are imperfectly informed about both product and warrenty
pricos and about which firms sell with warrantiocs and which firmsz acil
without wartanties, Wo characterize necossary and sufficient
conditions for existenco of the various oquilibrium configurations of
price and warranty coverago that can arise in two paradigm casos; when
all consumers profor warranties and when none do., Our zesults suggest
that firms will oxploit imperfect information by charging

noncompoetitive prices as well as by offering less than ideal warranty

coverago, and that the former practico may be more serious in many

markets than the latter,



CONSUMER MARKETS FOR WARRANTIES

Alan Schwartz® and Louis L. ¥ilde®*

1. INTRODUCTION

A warranty is an insurance policy that sellers offer against

product related harms, In tho las% two decades, this insurance
increasingly has been mado compulsdry; sellers have boon required to
warrant concerning—i.e, to insure buyers against-~various purchase
risks. A related form of regulation requires sellers to give
unusually clear explanations of contract terms relating to warranty
coverage, in contrast to the explanations roquired of other contract
terms, As oxamples of these rules: (a) Sellers cannot disclaim
warrantics or 1imit tho remedies that would otherwise be available to

buyers in the event warranties aro breached if the product caused a

buyor to incur personal injuries, Thus firms are required to insure

buyers against such injuries; (b) Courts road promises to repair or
roplace defective parts of consumer durables as guarantees of poerfect
performance of tho durables thomselves, As one court recently
oxplained:
¥hen tho seller is given reasonable opportunity to correct theo
defect or defects, and the vehicle nhevertheless fails to operate
as should a new vohiclo free of defects, the limited remedy [tho
promise to repair or replace parts] fails of its essential

purpose. . + « Tho buyer may then invoke any of tho remcdies

available under tho Uniform Commercial Code, including ihe it

to revoke accoptance of the goods. . . .1

In consequence of this rule, tho buyor is allowed to recover ba:k the price
("rovoke accoptance”) and to be compensatod for any damagos incutrad,

including tLo cost of ronting another itom when the product he “-ought was being
serviced; (c) Tho Magnuson-Moss Warranty and Federal Trade Commission
Improvement Act requires firms to "fully and conspicuously disclosc in

simple and readily understood language tho terms and conditions” of consumer

product warrnntios.2 This statute also provonts sellors from disclaiming

impliocd warranties if thoy have made written warranties respectins tho

products”at issuo.3 Tho prohibition is meant to increaso warranrty

coverage :i;co implied warranties shift most purchase risks to =oliers, and

writton yﬁrrnntios aro commonly offered in connection with sales ct durable

goods; th;§ usually obligato firms to repair or replace dofectivo parts,
Al11. of this regulation is often justified on the ground that

tho prese ce of "imperfoct information"” would otherwise omabls {itms

to exploit consumers rcspoct%ng warranty coverage, but the regulation

actually precoded serious investigation of how imperfect informztion

could affect warranty markets. Two distinct forms of imperfect

information, might disadvantage consumers respecting warrantios,

First, consumers may be unaware of true product failure probabi® ‘los

bocaunse it is quite expensive to observe product attributes fuliy, If
porceived failure probabilities differ from actual ones, consum rs may

domand mor'c or loss warranty coverage than they actually want.

Sccond, consumers may be unaware of the full sot of possible warranty



prices and torms that the market could offer because they may perceive
the costs of searching for desirable contracts to bo high in rolation
to the gains, If consumors actually ongago in little scarch, firms
may havo an incentive to offer loss advantagcous warranty coverago
than better informed consumers would choose.

The regulation described above did not distinguish between
these information concerns; in%tead, in the words of tho Magnﬁson—Moss

Act, it sought "to improve the adequacy of information available to

consumcrs, prevent deception, and improve competition . . . ."4 The

fow papers that constitute the relevant economics literature, in
contrast, focus almost exclusively on the assumed inability of
consumors to observe failure probabilities Accurntely (e.n. Corvillc
and Hausman; Shapiro). These papers suppose that (i) this inability
exists; (ii) search costs aro zero or (iii) the seller is a
monopolist, in which case search costs are irrelevant (see also
Grossman), They then attempt to explain and predict warranty contont,
As we show below, omitting search costs from an analysis of warrantios
may yield seriously misleading conclusions., Hence, it is important to
ask how warranty markets perform in the presonce of costly search,
This paper roprescnts the beginning of an attempt to answer this
question,

We supposc & market for a product with an exogenous
probability (n) of breaking and becoming useless; n is known to all.
Firms can offer the good with a warranty or without one, but cannot do

both, Consumers have proforoncos respecting warranty coverage, but do

not kqoi, whon thoy bogin to search, whioh firms offor tho pued with a
varran  and which firms sell without one. Using theso #uzvuptions,
woe characterizo nocoasary and sufficient conditions for oxictonce of
the vgtious equilibria that could arise in two paradigm casns, whén
all cﬁgsnmors profor warranties and when none do. In the fotmor casze,
if enopgh consumors shop for warranty coverage, firms will offear
wurfuntios at compotitive prices, Should fewer consumers th-.a this
shop, firms will provide warranties at supracompotitive p-iccs 4f they
have a comparative advantage (appropriately defined) at s~!1ing with
warra?tics. When tho comparative advantage runs tho othos way, firms
will charge supracompotitive prices and deteriorate warrauly covsrago.
Thi' %ast outcomoe is less likely to occur if consumers atxongly profer
warranties, When consumers do not prefer warrantios at all--tho
socond case—-it turns out that warrantles will never be o"fecrod; if
onongh)consumors comparison shop, a competitive equilibri » ovcurs;
othorwise, prices are too high., Also, these results appl:, to
”qu?lity" problems generally. A warranty is, .in a formal :snso, only
a E?qrprico product feitﬁro; honco, our conclusions can hn considored
to apply in any case in which "product quality"lis a non-price
feafu;e over which consumers havo homogenecous preferoncos. The
implications of this interpretation are discussed in Part 4.

Part 2 of this paper briofly reviews tho oxistine litoxsture
rospecting warranties, focusing primarily on its utility for policy
purposes., Part 3 then sots forth our model. Part 4 infc.ansally

spoculatos nbout the consoquonces of relaxing some of thc inportasnt



assumptions on which the modol rests, and briefly discussos tho policy
significanco of our rosults, Respecting this, if it is supposed that

rogulation on information grounds is justified only when

noncompoetitivo oquilibria exist, then an important question is how
compotitive equilibria can be produced, Our model suggosts that those
equilibria are largoly a function of the amount of comparison shopping
in which consumers engage; hondi, reducing the costs to consumers of
comparing warranty coverage across firms seems wise, Also, the
oxistenco of imporfcct information is commonly assumed to permit firms
to exploit consumorsz by offering less preferred warranty coverage,

Our rosults suggost that firms will also exploit consumers by chafging
excossive prices, and that pricing problems may bo more sorious in
somo markets than coverage problems, .
above sooks only to expand coverage and thus may bo misconceived.

Given tho very proliminary nature of our analysis, those normative

implications should bo regarded more as interesting possibilities than

as solid recommendations,

2. PRESENT WARRANTY THEORIES

‘ Two theories constitute much of tho literature respocting
warrantios., Tho first provides that a warranty signals tho quality of
tho firm's product. (e.g., Grossman; Sponce). According to this
thoory, consumors cannotvdlstingulsh among competing products on tho

basis of quality, but believe that quality is positivcly correlated

with warranty coverage, Also, the cost to firms of makingAwarrantios

should vary inverscly with product quality; the worse the product is,

Somo of tho regulation doscribed

tho moro oxponsive it will be‘to comply with warranties malie
fospocting it. In consequence of th;so as;umptlon;,’udprinty covorege
should‘in fact correlate positively with product qualit}. Uirms with
gbod products will make oxtensive warranties that s}ggnl t"is fact,
and fitﬁs with poor products will bo_unnblo to imitate thusc z2ignals,
V Tho signalling theory has three related difficultias, First,
the thoory presnppose? a groat doal of search, since firms have no
incentive to senq slgnnis that will not be obsorved.n Porhaps in
cénsoqponce of this assumption, signalling papers commonly suppose

soarch costs to bo zero. Wo later suggost that the stronsih uf this

assunption may partly explain the sccoﬁd dlfficnlty with tue
signalling theory, which is that it sooms inconsistont =ith ilo data,
For examéle. tho theofy predicts that firms w{th moro dﬁrrﬂlo products
will make warrantios that extend over iohger time periods., FSiudios of
reported logal cases and of actual wutrnntios,“in ;ontrnxt; shox that
fims 1n‘givon industries commonly ppko warranties offoctivs for
identical periods, and in all events for considerably les: Lhen tho
useful 1ife of the pféduct. (e.R., Priost); Similnrl&, a positive .
correlation botween ;nrrnnty coverage and prodnct ‘reliability ofton

sooms difficult to dotect, Thus, froquency of repair datr =zuch aa

"that reported in Consumer Reports, somotimos shows wide ve~):-tiomns

among firms, but tho products thomsolves trade undor simlier or
identical warranties, Finally, many commercial buyers, pa:ticulaxly
in industrial markets, soom ablo to distinguish among prod.ats on tho

basis of quality, yet warrantics are as common in commoerc):! -arkets



as in consumor markets (Schwartz, 1977). Third, signalling
explanations lend thomsclves uncasily to policy application, This is
initially becanso signalling equilibria are notoriously unmstablo, sd
that it is difficult to dorive from them critcria that would enable
docisionmakers to ovaluate real world markets. (eo.g., Schwartz, 1981;
Riloy)., Also, tho wolfare effects of signalling equilibria are very
hard to ovaluate, Such oquilib;ia, when thoy oxist, roflect only tho
sustainod confirmation of a party’s beliefs. Thus if consumors
bolieve warranty covorage to correlate positively with product
durability and if sollors with more durable products incur lower costs
in making warrantios than do sellers with loss durable products, tho
former sollors havo an incentive to make moro oxtensive warrantios,
If they actually do so, a signalling equilibriom might arise in which
warranty coverago varies ‘directly with durability; in this ovont, the
informational contont that consumers attribute to tho warranty signal
is confirmod by tho signals they see. This equllibfinm would bo
of ficiont, ho;evor, only if the increased costs to firms of sending
such warranty signals are less than tho welfare gains to consumors of
being ablo to distinguish more accurately among products on tho basis
of dnrnbilltf. This comparison is vory difficult to mako,

Tho second warranty theory explains covorage by roferenco to
the comparative advantages ot firms and consumors in reducing theo
costs of or insuring against product defocts. For oxamplo, firms will

warrant against dofocts in refrigerator motors but will bo reluctant

to warrant against dcfocts in refrigorator doors, or will warrant

against such dofocts for shorter timo poriods: This is hopanza
consumers have littlo exportiso rospecting tho care of such motors and
indeed seldom diroctly uso them, while cogsnmots can best !niluonce
the durability of doors, Thero plainly is a coro of truth in this
theory, and it oxplalps some of what is observed, Commercial law, as
an illustration, docs not roquire firms to repair or replsco dofective
parts; instead, it givos buyers an action for thos damagos th«t such
dofects could cause, Firms, howover, frequontly do make rrpair and
roplacomont promisos, apparently bocausoc it is moro effici-it for thom
rather than consumors to cure defocts in now goods,

Tho comparative advantage theory, as it is usuvally rat forth,
also assumos soarch costs to bo zoro, and this creatos two
difficulties. First, suppose ono specifies tho tospcctivc'romparttiva
advantagos of consumors and firms, predicts warranty contont on the
basis of thesoc advantagos, and then obsorves that actual covoerago is
too thin, The thoory is not necossarily disconfirmed bocan-o, as we
show below, whon firms would do bettor by not making warrantirx than
by making them when littlo socarch ocours, coverage may bo
doteriorated, oven though firms have a comparativo advanta:~ over
consumers at insuring against or preventing product defocts. Socond,
supposc one obsorves the predicted coverage. Tho positive :spoct of
the theory then soonis confirmed, but its normative implicatianc remaly
uncertain., This is because if consumors engage in inszuffic..nt
soarch, firms may bo offering tho "right” warrantios but a:

supracompotitive prices. Tho ocomparative advantage thoory thuz zhonld



bo evaluated in onvironments whore information is costly to scquire.,

Section 3 sots out a model that bogins this tﬁsk.

3, A MODEL OF PRODUCT WARRANTIES UNDER IMPERFECT INFORMATION

Suppose that (i) large numbers of firms and consum&ts oxist;
(11) a homogoenoous good is sold, with consumers buying one unit of
this good (with or without a warranty) or ﬁono;5 (111) the good h;s a
positive probability, n, of bfiaking and becominé totally ﬂsoloss
after purchase; n is independent of the care with yhich the product is
used, and known both to firms and consnmors;6 (iv) all firms produce
this good with an idontical technology, characterized by a fixed cﬁst,
F, a constant marginal cost, c, over some range [0,s], and an infinite
marginal cost thoroafter (s will thus be referred to as a "capacity
constraint”); (v) firms choose a quantity to.produco and a price to
charge, and can offer tho good with a warranty or without, but cannot
do both; a warranty, in this model, consists of a promise to replace
any defective product with a new one at no charge; (vi) offering the
product with a warranty does not directly affect firms' marginal costs
or the capacity constraint, but may require additional fixed costs,
F', where F' ) 0, These additional fixed costs may result from
admini strative or other expenses that a replacement program could
causo; when F’ > 0, woe say that a warranty imposes “loading” costs on
the firm,

A firm that does not offer warranties can produce and sell up
to s units in any period, and faces a total cost curve given by:

TCN(x) = F+ cx whero 0 { x { 8. Avorago costs thus arc

10

ACN(x) = c+ (Ffx) fot 0 ¢ x £ s; the "competitivo pri?n" for the good
with‘gg warrnﬁty is then dofined by p; n'ACN(s) = ¢+ éF/n}. A fim
that ﬁffers warrantios must plan for the réplacement of dofsntive
goods when it decidés how many units to,soll‘(ns opposed to‘how neary
units to produce)., Since ioplacomeht; also can be defectiva, the
expected quantity that must be ;toducod to "support” a sain of one
anit is 1/(1 -n). &hus the total cost curve for a firm that sells
with a:wnrrnnty is TGu(x) = (F + F') + lex/(1 - )], where F' ia the
loading factor. Thfs total cost curve is_dofinodAfog '

0$x¢s(l-n)= Sy Avorage costs thus are

'

ACy(x) = ((F + F') + lex/(1 - M /x
= [/l =M1+ [(F+ F)/xl]

for 0 { x § Sy and thor”competitivo price’ for‘@he gocd ~ith &

wntinnty is defined by

Py B AG(ng) = lo/(1 =M1 + LF+ /st - m]
= [1/(1 - Mlc + (F+ F')/s]

As this equation makes clear, tho offective marginal cost {ov tho good

with a warranty is Cy = ¢/ - n).
Consumers in this model are partitioned in two distiact ways.

First, they pursue a fixed sample size shopping strntbgy, with AJ

consumers sampling ono firm at random (from among all fives) before

Vpurchasing, nnd‘A2 consumers sampling two firms at random {from amumg
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a1l firms) before pnrchnsin3.7 Define A = A1 + A2, 8 = A1/A and

8, = AZ/A' Consumors sample at random across firms bocause thoy do
not know, when they begin to search, which firms soll with and which
without warranties; Socond, coﬁsumers aro potentially differontiatod
according to thoir "taste” for warrantios. A consumer’'s taste for a
warranty can be a function of prices, income, attitude toward risk,
porception of and ability to’affect failure probabilities and so
forth, Part 3A of this papoer models the case whoen all consumors aro
sufficiently risk averse to prefer the product with a warranty, if
they have tho opportunity to purchase the product with or without a
warranty, but always at tho competitive price. This case is
considered for two roasons: First, doecisionmakors gonorally assumo
that consumoers profor warranty protection; it thus is useful to soc
how warranty markets work under this assumption. Socond, an important
roason wvhy consumers might prefer not to buy warranties is that in
somo cases consumors have a comparative advantage at roaucing failure
probabilities; this reason is absent horo, for wo assume that |
consumors cannot influence the failure probability. Part 3B noxt
considors tho case when no consumer prefers a warranty. A warranty is
in essence an insurance policy agninst'product failure that tho seller
offers; in tho situations that Part 3B exploros, consumers profor
other goods to seller insuranco. Because the modol described hore
applies to any pair of heterogencous goods, a moro concreto way to
interprot this second case follows from current law, which permits

firms to describc cxtonsive warranties as "full” but roquires them to

describe less oxtensivo warrantios as "limit;d."s Thia zoeond nase

i ’ .
tpus‘can be conccived as modoling a market in which all coinvmers
péefor limitqd warznnti;s, althongh:tho technologu permilta fltms to
off;t full warrantios. In both casos considerod, ocach consmmer ia
a;snmod to have a willingness to pay for the gooq with a warranty, hw,
and n’difforont willingness to pay for ;ho good without 2 warranty,
hﬁéftho formor willingness to pay is always higher than tho 1nttor.9
In part 3A, whoro all consumors profer ﬁnrrantios, wo rlzo vequiro
hﬁb~ p; > hN - p;; that is, tho surplus generated by purchasing the
gQOd‘with a warranty at p; excoods tho surplus obtalned b purchasing

.
tho good without a warranty at LV

¥o let N be the number of firms that offor tha gond witbont a

N
wétrunty and NW be tho number of firms that offor the good with a

| i
t

wéi‘ra_ﬁty; N =Ny + N, ng = No/N and ng = No/N. Equilibzivm in this
madoi 15 then dofined by a total congnmor,firm ratio, a e A/N, a
dist?ibntion of firms, (nN,nw), and two dist;ibutions of prices, ono
for kho good with a warranty and one for tho good without = warramty,
sdch;that (a) a1l consumors maximize their surplus given their
sﬁoﬁging strnt;gy,v(b)‘givon tho distribution of fimms «nd pricos, wil

fitm? earn zoro oxpocted profits (ontry is free), and (c) wo fimm oan

eﬁrﬁ:positlve oxpocted profits by .changing itz price or warranty

t

oovernge.

A, All Consumers Prefer Warrantios

In this model, two markots must be cousidored, ihe markel fo:

tho jood with a warranty and tho markot for tho good =!thout ono.
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Each market can be nonexistent, compotitive or noncompetitive. This

yields nine possible outcomes, Ruling out the outcome vhen‘nolthor ,

markot oxists, oight possibilities remain. Wo noxt presont three
thooroms that summarize these possibilities in terms of whothor the

oquilibrium is compotitive or not, and whothor imperfoct information

is oxploited by noncompetitive pricing or poor warranty coverage (or

both) .
(a) All firms offer the product with a warranty at the

compotitive price; no firm offers the product withbut

a warranty at any price.

¥hen all consumers prefer warranties, the only possible

compotitive equilibriwm occurs whon tho relovant product is sold with

a warranty at tho compotitive price —— case 3A(a). This equilibrium

will obtain only if the ratio of shoppers to total consumers in the
markot at issuo is sufficiently high, Beforo prosonting the thoorem

that proves this roesult, it will be helpful to define what we moan by

the "comparative advantage” to firms of offering a product with or

without a warranty, We define a comparative advantage by reference to

tho number of customers that a fimrm offoring the product at the
highest price consumers would be willing to pay would noed to break
oven: If a firm, as a result of its cost structure and consumer
proforoncos, would need fower customers to break oven offering the
product at its highest price with a warranty than it would need
offoring tho product without a warranty, we thon say that in this

particular market firms have a comparative advantage at solling with

demand for a firm of solling with warranties is:

ity

‘

ynrtnntios. Similarly, if a fimm would need fowoer cusztom:va at tha

bfeak even point whon offering tho product at its highs-r crice

without A warranty, thon we say thnt firms have a compatative

advnntage at solling without warrantios. The rolovnnt brask-cvon

ay = (F + F')/(‘yw ~ oy)

The roelevant broak—oven demand for a firm of selling wit)i»nt

‘warrantioes is:

ay = F/(hy - o).

‘The relative sizes of ay and oy dotérmino comparative sdvantage.

Ihcorem 1: When all consumers prefor wartantloa #. NOCOBSATY

" and sufficiont condition for ny = 0, oy =1, ¢ = sw and

Gw(p) = 0 for P ( pw
) »
GW(P) =1 . for P2 Py
to be an oqnilibrium, whore G (*) is thq distribution of ;rxicex in tho

markot for tho good with a warranty, is °1 - £ mln(aw uN}

Proof of Thoorem 1: Whon tho market for’ the product wi“ a warranty is

competitive and o, = 0, oxpocted demand at pw must equn! 4,. IRonce

‘firms entor until o = A/N = sy. Consider whether a firm iu the market

for the product with a warranty would find it profitabln i ralse fts

.
price above Py Such a firm should charge hW' the high- =i 9rico s

consumer would pay, since it could sell only to nonshopiyci:; any

& .
shopper who soos two prices, Py and any prico above this, =mnuld Luy af
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p;. Tho potential deviant firm then would not raise its price if
.profits at hW woro nonpositive; that is, if (AI/N)(hW - cw) -
(F+ F') { 0. Roarranging terms yields (Al/N) S (F +F')/(hw - cw) =
dg. Using A/N = s this condition reduces to 8,5y < Qg
Suppose noxt that a firm wished to~ontef the market and offer
the prodnct without a warranty. Sinco all consumers prefer warrantics
when warranties are offered atﬁtheir competitive price, p;, this fim
too would sell only to nonshoppét: regardlgss of the price it charged.
Hence, it should charge hN' tho highest price a consumer wopld pay for
‘the product without a warranty, Once more, profits at this price
wonld gc nonpositive if 85y < aye . Q,E.D.
Theorom 1 1is the more likely to be satisfied tho larger is the
ratio of shoppers to total consumers (az), tho smaller is capacity
(sw), tho larger anre fixed costs and tho smaller is the differonce
between consumors willingness to.pny for tho product (with or without
a warranty) and the marginal cost of producing it., The latter two
conditions refor to ay and aye whose magnitudos increase with
increases in fixed cost and decreases in the differonco botweon
willingness to pay and marginal cost.
(b) All firms offer tho product with a warranty, but
some or all firms charge noncompetitive prices;
noncompetitive prices; no firm offers the product
without a warranty.
Caso 3A(b) occurs when too fow shoppur; oxist to generate a

compotitive equilibrium, but firms have a comparative advantage at

16

solling‘wlth warranties (aw ¢ aN). In this oircumstance, wmariast powes

arising from insufficient consumer shopping is esploited only through
noncompetitive pricing, mot by such pricing and bty doteriv?htﬁug
warranty coverage; consumers will got the warrantios they want, but

will pay too much for thém.'

Theorem 2: When all .consumers prefer warranties, & ncocssayy und

sufficient condition for n = 0, oy =1, 0= aw/al,and

. *
Gw(P) =0 for P_< Py
.
0 < Gw(p) <1 for Py &1 < he
GW(P) =1 for ‘yw <p

to bo an equilibrium is oy kS min(alsw,aN].

Proof of Theorom 2: When N = 0, tho highest price in a noncoapstitive

oqnillbrium in the markot for the good with a warranty must be hW’
sinco the firm charging the highost price gots only‘nonshoppcrn. Zero

profits then implies (Al/N)(hw - cw).—'(F +F)=0o0rco-~ "W/nl"

' * 4
~ Considor GW(.)' Suppose it has a mass point at pw, calloc G;,‘ Thon

L]
oxpocted demand at Py oqunls AI/N (the firm's share of nonshoprors)

pius (2/N)A2[(1/2)G; + (1 = G;)] (tho fim's sharo of shoppria). Zaro

‘profits at p; implies

(A /M) + (2/NIA,T(1/2065 + (1 = G )) (g = o) = (F+ F') -,
L

’ .
A 7 ol - = rielads
Solving for GW and noting that (F + F )/(pw cw) sy 0 3 el

G‘; = [(a, + 20,) - (SW/“’”/"Z‘v
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.
Thus Gw (1 requires
(a1 +22,) - (sw/c) ( 8y,

which reduces to Oy 4 85y

Wo must also consider whether a firm would enter tho market
for theo good without a warranty, To calculate profits in that market,
it is nocossary to know the expliicit form of tho price distribution,

Gw(‘)o on (P;,hwl. Expected profits nt‘pfice p are
mg(p) = ((AL/N) + (2/N)A 1 = G(p)1}(p = o) = (F + F').
Zoro profits then gives
Gw(p) =1 - {[(F+ F')/[alp - °W)] - 51]/2“2"

Supposo next that a firm enters the market for the good without a
warranty at a price q. To cnlcplute the expected demand for the fimm
at this price, we first note that the expected demand from nonshoppers
is Al/N. Respecting shoppers, consider a price q' for the product ’
with a warranty, such that hN -q= hw - q'; that is, the surplnsvto a
consumer of buying with a warranty at q' is equal to the surplus
obtained by buying without a warranty at q. A shopper then will
purchase from the firm selling without a warranty at p = q only if his
or her other obsorvation is at p > q' (recall that all other firms
s011 with warranties). Tho probability that tho consumer's otﬁer
observation is p > q' is1 - Gw(q') = 1-(hw - hN + q). A fimm that

ontors without a warranty at price q thus has an expectod demand from

shoppefs of-(Z/N)Az[l - GW(hW -‘hN + ql. Honco

Yo

mla) = (A /N) + ké/N)A2[1 - Gylhy = By + Q1) (g = o) - F
do= P+ F)(a - o) /(hy - b+ q- )] =R,

whence . . ‘ )
nr;(q) = (F + F')(luw - 11N)/(hw - hN+ q- 0)2 > 0,

Becnﬁse profits for a firm entering without a war-anty aro increasing

%n q, entry would not occur if nN(hN) £ 0. But
my(hy) = L(F + F') (hy = o) /(hy = c)] = F,
50 t?at ﬂN(hN) £ 0 if and only if ay < e Q.E,D,

Theorem 2 statos that when connumers prefer warran:ize
1mpo{foqt information will be exploited by noncompetitive pricing in h
the énrﬁgt for the product with a warranty (i.c., there is no cnvc;ngc
ptobléﬁ) if and only if the propoftios-of nonshoppers is rclatively

high (aw £ nlsw) and firms have a conparative advantage at offe¢ring

the Rrodﬁct with a warranty (uw ¢ %J)‘

(c) Some (possibly all) firms offer the product

' without a warranty and at noncompetitive prices.

This caso occurs when too fow consumers shop to gonctaic a

competitive equilibrium and firms have a comparativo advantrgoe at

solling without warranties. If few onough consumers shop, i1l [irms

vrloes,

offer the product without a warranty and at noncompetitivo
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Case 3A(c) is the least dosirable normativoely, for consumers who
profer warrantios often fail to got them and in addition pay too much
for tho product. This case is less likely to arise if a fair n;mbor‘
of consumors shop; should enough shopping occur, then even though
firms have a comparative advantage at selling witﬁout warranties, at
loast some firms will be induced to offer the product with a warranty,

although not at tho competiéivo prico,

Theorom 3: When all consumers profor warrantios, a nocessary and

sufficlent condition for 0 ¢ oy (1,0 ¢ oy (1, o = aN/nl,

*
GN(p) =0 for p < py
%
0 < GN(p) (1 for Py <p ¢ hN
GN(p) =1 for hN $r
and
»
Gw(p) =0 for P < py
.
0« Gw(p) £0 for Py {p¢ hw
Gulp) =1 for by P

to bo an equilibrium,. whero Gw(')[GN(')] 1§ the distribution of p?icos
in the market for the good with [without] a warranty, is
ay K9 min[aw.nlaw). Furthermore, ng = 0 if and only if
(1) 8y5g ) (n1 + 2n2)aN
(11) kw £ alﬂ‘/(nl + Zaz)uN
where kw = (hw - cw) - (hN -c).

. (The proof of Theorom 3 is complex, and is set forth in Appendix 1.)
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To swmmarxize the 1mplications of thosa throe thowovoms; when.
all consumers profor warranties, th; only ppssiblo.compriitlvo
6§u111br1nm occﬁrs when the relevant product is sold wii' & warranty
at tho compeotitivo price, Whether this eqnilib;ium acbualiv wlll
occur 1s sol?ly an function of the percontage of shoppers (ﬂz) in tpe
markot at issuo; if a, is sufficionfly latgo,‘onlf warzontlos at
oémpotltivo prices are offered (Theotomfl). 1f azlis ton amell to

a compotitivé equilibriwm, but firms havc“a,comparativo

.ldvantugo at solling with warrantios (aw ¢ aN)” consumoxs fpain soo

only warranties, but st noncompoetitive prices (Theorem 2). Should
firms have a comparative advantage at solling’withoqt wrvzwntl?s, thoy
will both dotoriorato warranty covorngo and chargo noncowpetitive
prices. Indoed, if tho.nnmbor of‘shopﬁprs in ihis cnso s
sdfficiontiy small, the market for warrnntioq will disappenr
altogether; consumers soe only goods sold without warrantlos and at
sﬁpracompetititvo price# (Theorem 3).v

The casos that Theorem 3 ﬁodols nro:tho 1cas§ desixablo
normatively, Tho worst case, when no warrlhties are coen #lthough all
consumers prefor éhom, is less 1ikely to ariso if a falt number of
oonsumers shop. If fowor oonsumers than this shop, fiwms have
incentives to expioit them by deteriorating w;rranty cororsge .and ﬂy
charging monopoly prices. Should fltms‘hayo a comparati~ro advantage,
;a doflnoa hero, at selling with warranties ;t tho moncroly price,

thoy would never have an incentlvo also to detexiorato Farcanty

coverago; Theorem 3 cannot apply. Tho hpp;oprlnto comp:rative
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advantage obtains whon (1) it costs little more to soll with
warrantios than without them (F' = 0 or is small), and (2) consumers
strongly prefer warranties, Respecting tho rationale for these
conditions, if consumors strongly profer warranties, tho highest price
they would bo willing to pay for tho good with a warranty should
significantly exceed tho highest price thoy would be willing to pay
for the good without a warrantyji hesce, a firm offering the good at
its highest pricc would noed fewer custo;ors to break oven whoen
solling with warranties than when selling without them, unloss it .
costs considorably more to make a warranty. Condition (1) rulos tﬁis
possibility out. Our model {horofore yields tho soomingly'sonsiﬂlb
rosult that warrantics will be moro common whon thoy cost relativoely

little to make and aro strongly preferred, even in environmoents

charactorized by considerable imporfect information.

B, No Consumers Prefer Warranties

This case can bo described more quickly. Lot 1w be tho
consumors’ willingnoss to pay for tho good with a warranty and lN be
the consumers’ willingness to pay for the good without a warranty.
Also, we again dcfine the "comparative advantagoe” to firms of solling
with and withont warranties in terms of willingness to pay and costs.,

Dere BN is tho comparative advantage of selling without warrantios:
By = F/(1y - o).

Similarly, ﬂw is tho comparative advantage at selling with

warrantics:

: - Y’
By = (F+ F') /(1 - op),

‘Zhggggggi. %hon no consumors prefér warrantios and onough
consumers comparison xhoé, a compotitive cquilibrluh can ccnur in
which all firms soll without warrantios and all prices aro

compotitive. Tlio nocessary and sufficient conditions for thls ountcome

to obtain are:

(1) s s_ﬂN/s
(1) ay < Befag.

Proof of Theorom 4:

‘ "
If all firms .charge tho competitive price PNy B firsa ilshing
to doviate but not offor warrantios will charge lN becauso it a2ells

: .
only to nonshoppers. Also, with all firms charging Py the roasumor

firm ratio, o, must oqual s. Then, for a doviation from the

competitive pricﬁ to yield nonpositive profits, it must ﬁo th;t
als(lN - ¢) -F 0. This roduces to 8y < ﬁN/s. If a firm <ishes
instead to doviato by offering a warranty, it will chn;gc lw s{noe
again it gets only nonshoppers. For this strategy to yiold

- ~ (F ' s
nonpositive profits, nlsw(lW cw) (F+ F') 0., This zoi:::1 to

ny S Bylege Q.E.D,
Whotﬁot or not the competitivye oquiliﬁrium Just described s

unique dopends on whethor or not IW - p; is greator or loé? than

1N - p;. To understand tho relevance of thjs condition, r:uull tﬁat

if too few shoppers oxjst to genorate o competitivo oqui;ib 3o, iho
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quostion is whether firms will exploit consumers by charging '
:uﬁtacompotltivo pricoes or by both charging those pricos and off?ring
unwanted warranty coverage, Yhich outcome occurs is a function of the
rolationship botweon the consumers’ willingness to pay for a wnrrnﬁty
and tho oxpocted marginal cost to firms of offering warranty coverago.
A consumor’s willingness to pay for a warranty may be concoptunlized
as tho difforonce between tho highest prico that a consumer is willlng
to psy for tho good with a warranty and the highest prico that the
consumor is willing to pay for the good without one. If this
willingnoss to pay for warranty protection is less than the margind}
cost to firms of offoring warranties, it could‘ﬁpvor be profitabloe for
a firm to force unwanted coverage on consumers, Imporfect inforﬁntion
could bo exploited only through charging excessive prices,

In our model, consumers buy one unit or none and firms soll wup
to a oapacity constraint, These assumptions yleld "stop function”
demand curves and nondifferontiable average cost curves. Honce it is
possible, within tho model, for the consumers’ willingness to ﬁny for
warranty protection to oxceed the marginal cost of providing
warranties, oven though all consumers when facing only competitive
prices would eshow wurrﬁnty protection, Appendix II characterizes the
various equilibria that could arise in this event. If we make the
more typical assumption that firms have differentiable, u-—shapod
average cost curves, it turns out‘thnt consumers would nover be
willing to pay for warranty protoction when they do not prefer

warrantics, To seo why, realize that the case whon consumers would be
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‘ uawilling to pay for werranty protectioﬁ occars when

1w - 1N 4 cy = On¢

With "normal” oot curves, prico oqmnals ml?ginli cost in compotitive
oqulllbtlﬁm: Cg = Pgi Oy = p;. Bonc&, wo have

1'—1N<p;—p;.
Tho loft sidoe of -this inequality is tho»wiliingnoss.to pay fve
warranty coverage; tho right sido is the p}cmium [} fiti wil} w%;xgo
for offering a warranty when the producf is :oid with unq vithont
warranties but at the respective competitive prices, The incgnality
nocossarily holds, bocauso we have dofinod‘tho preforonce bgn{ns{
warranties in torms of the fefuaal of consumcrs eo'pny tﬁo prewiuwm for
wgrrlnty coverago that the maftot must charge whcn.;ll pricec ars
competit;ve. Honco, under more realistic assumptions rospeciing
aolti, when consumers do not profor warrantioes, firms have ne
incentive to offer thom; warrantios would not sell. If an
iglufficlent nupbor of consﬁmois comparison shop to gonorate
compotitive oguilibriom, prices will bo noncompetitive but cnnanm?r:
will got the contract terms they ptofor; This last cl:oioervxa whean

1? ﬂN/s (seco Tﬁooroé 4 (1)).

4, Extonsions, Implications pnd Limitations

4
A, Poritive Bxtensjons
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The model developed here is interpretable in “pure” gnality
terms, Suppose that a heterogonoous good is sold that is describod:hy
prico and some non-price quality attribute rdspocting which nlli |
consumorg prefor higher levels, Let the high quality version of this
product be produced with greater fixed ¢osts, no lesser marginal costs
and a smaller firm capacity than the low gnality versioﬁ. Then, the
market can support an inofficient qualitf lcvei if but only if (1) an
insufficient number of consumers shop to generate a compofitive
equilibrium in tho market for the high quality product and (ii) firms
have a comparative advantage, as defined above, in producin; lo;
qnality goods, If the comparative advantago runs tho otber.wﬁy, firms
again oxploit 1mpcrfect’information onlybby noncompotitive pricing in
the high quality market,

Also, our model rules out signalling, for it is pointless of
fims tq sond quality signals when all consumors have porfect
information respocting quality; the consumers, that is, know n, the
failuge probnbility. Novertheless, the model sheds some light on'
signalling thoories, It shows that when consumers have perfect
quality information and unanimously p}efer warrantios, equilibria can
oxist in which fow or no warranties are offered. This implios that
insufficient consumer search reduces tho incentive of firms to uso
warranties to convoy information about product quality. Thus,
Qignnlling oqualibria are unlitely to emorgo unloss consumers possoss
The failure

considerable information about prices and contract terms,

of signalling models to recognize this fact may partly explain their

inconsistency with the data. A modol that Intogrates so-rch and
signalling bohavior would signifieantly oxtend undorstan.ing of the

rolative rolc that these phenomena play in vafranty macieh:, as well

‘ as in othor markets in which information about product qua'ity i

costly to obtain,

B, Normative Implications

A decisionmuker concerned with imperfect informntlan sheonld
want to know (a) whether insufficient consumox search has cansed 4
given market to'bohave noncompetitively; (b) the fo;m they
npncompotitivc bohavior is likely to taip —~ whether 3% 3s excossive.

prices, the offoring of less preforrod contract torms, or %oth; and

(c) how noncompetitive behavior is bost romedied. These quastions ars

scldom askod rigorously, lnrgﬁly bocause rigorous tool= with which to
;nsior thom are lacking, Tho model sot forth hore reprecoents an
attompt to fill this gap. As an example of its poasible utility in
ofuluating markot outcomos, nuppoxo‘thaf roepresontetive dats for tho
comparativo advintages to firms in a partigular markot of solling with
ﬁ?d without warranties c¢an be obtained, A fough ostimats of how much
ghopping 15 necossary to yleld a competitive outcome 1t $h:t mnrk;t
may bo dorived. Measuring actual shopping bohavior shovld then
illuminate the quostion whethor the market is performiug wsil or
badly. Similarly; if such data showed, wh;n consumors prelerred
warranties, thnt firms had a compatafive advantage at makiag tlem,
thon ovon scomingly "thin” warranty;covérage’mny‘actnally bo tho

produot of consumor proforonces; for when the comparativ- ndvantog?
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runs this way, firms oxploit market powor due to insufficiont search
only by charging noncompetitive prices. If consumers engage in
rolatively little search, however, these prices probably are boing
chargod.

Rospecting romedies to ease information probloms, bocauso
desirable equilibria are in significant part a function of tho amount
of comparison shopping in whiclk consumers engage, tho model also
implies that rogulation, when called for, should attompt to roducoc the
costs to consumors of directly comparing warranty covorago across
firms, Statutes that encourage firms to sot forth the terms of
coverage in "plain’” language thus seem infcrior to logislation
requiring all firms to standardize the languagoe in which warfanties
are quotod. Also, our model suggests that in many markots fi;ms aro
more likoly to exploit insufficient search by charging noncompetitive
prices than by offering undesirable warranty coverago. Thus; tho
law’s strong efforts to expand warranty coverage seom miscéncoivod.
Perhaps tho l?nte should instead encourage greator scarch in warranty

markets and accept the outcomes fhat search producos,

C. Limitations

These policy implications should be rogardod more as
tentatively sot forth than as firmly suggested. This is initially
becauso it will be vory difficult-—perhaps impossible--to obtain th6
data our model roquires to evaluate market outcomos rigorously (sco
also Schwartz and Wilde, 1979). Honce, its use will at best suggost

rathor than domonstrate how particular markets are porforming.
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Suggestive results based on thoory, though, seem an advancs avar what
now passos for judgments of market performanco., The modol'a nre for
policy purposcs, howevor, 18 also limited by the strong s:snuptions on

which it rosts. What is the possiblo impact of rolaxing scie of these

. assumptions?

Yo ﬁuké the strong assumption that cossumors kn.:- Zallrro
prgbnbilitioa.ll Supposo ye substitute tﬁe woakor assumptine that
porceived failure probpbilitlo§ are .a funétioﬁ of nctu;l ones but that
mistakes are possible. Throe possible outcomes could obtain: {a)

Porcoeivod failure probabilities cluster in an unbiased way abowut

actual onos, Thon if each fimm's demand curve is roprosoutative of

. the consumer population, firms probably will be induced to provide the

correct coverago; they will respond as if each conmsumor kmcw the

failuro probability.12 (b) Perceived failure brobnbilitios cluster

* around points higher than the actual onos; consumers arec

"possimistic,” in that they beliovo product performance to bz worse
than it is in fact and consequently domand oxoossive warranty

coverage. If sufficient consumer search occurs, the outcomes in this

socond oase novertheless should be taéisfylng normatively, To see
why, snppose that cdnsumersvnre pessimistic and fimms roaﬁn:d by
offering broad warranty covbrugo at prices that would bo !ustified
only if ponaumer porceptions ;ero correctQ A firm céuld costlessly
;oduco tho prico fo; this covornge bocause its marranty prumiso nood
not be redoemod; the product actually woris well, If evaon R010

consumoss shoppod, a firm that so roducod prices would increese its
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demand, and thereby eara positive profits. Hence, a market outcome in
which all firms overcharged consumers for waérnnty coverage would not
be an equilibrium; firms would have an 1ncont1ve to reduce tho‘price
for the excessive coverage that consumers demand. No firm would
rodnoo its price for a warranty below the level at which it could
recover its cost; when price equals cost it will reflect actual
failure probabilities, This 43 the competitive price, and if enough
consumers shop it will also be the market price. Thus, consumers will
pay tho correct price for warranty coverage despite their ‘
misporcoption. If insufficient search occurs, prices will be too
high, but this is only to say that the probicm is insufficiqnt search,
not tho misporcoption of failure brobnbilitiea, if consumers gonerally
aro possimistic, ‘(c) Consumors aro optimistic; they dcﬁand loai
warranty coverage than they should want because they beliove failure

probabilities to bo lower than they actually are.

This third céso is troublesomoe because firms have no incentive

to ;xpnnd warranty covorage without increasing prices, llnéq this sort
of warranty promise will have to be redeemed. Tho market will.not
correct for optimism, Theroforo, the queatlén is whether consumers in
gonoral aro optimistic., The very sparso evidence that oxists sng;osts
not,13 and consumers oommonly are assumed to be risk averse, which is
inconsistent with oxcossive optimism, In any ovont, this plainly is a
quostion on which facts aro more desirable than spoculation.: To.tho

oxtont that optimism is common and providing data about corroct:

failure probabilities very expensive, it may be wise to expand

warranty coverage through regulation,

| Yo also assume that oconsumers cannot affoct failu:a
probabilitios. Suppose thoy can, if only by using the prodnct more or
los; intensively. In one'coﬁso, this.ability.is irrolevanrt to our
analysis. That consumers can affocf failure probabilitios wilil
influonce thoir domand for warranty coverpge,bbut.wo tAfo this domand
as given, asking only whether markets will raspond adequn”:ly t; it.
For 6xumplo, suppose that consumor;4nro less ca;oful wﬁcn they ﬁnvc
;nrtnnty protect;on. Should consumers bé risk noutral, an arguably
teasonubloAapproximation here, such increased carelcssnoss would causo
L to fall, for‘sw = 8(1 - n), Alap, ay would fall bocausc warrantioes
woul@ become more importnni to consumors, and fimms have » comparative
adantuﬁo relative to consumers at making them (hw rinas.faslor'than
cw).‘ If it costs rolatively ‘little to mako a warranty, 3y would fall
fa;tor tﬁnn oy Theorem 1 then 1mpliof that a compotitive aqulilbrinn
13 moro likxely to oﬁtain. In addition, firms will be less likely to
deteriorate warranty coverage when moral hazard exists, This is
bocause moral hazard causes o to fall byt lfav°',aN nuaffocted; sinco
o necessarily falls relative to ayr firms aro mo%o likely :o hgvé [
comparative advantago at selling with warrnnt@es.14 Hence, sur

analysis seomingly accommodatos relaxation of -the asswnpti -« that

comsumors cannot affect n., This response is too simplc, howmever,

‘becnuse whon consumors can influonce failure probabilitiss., ‘hoy may

dosire difforont warranty covoragos. A consumer with tes c¢h!ldren

could want a stronger warranty on a washing machine than a cousumar
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with no children, We instead s8sume that consumers are homogenoous;
in our model, all want warrxanties or nomne do.

Suppose that some consumers in a given market prefer
warranties but othors do not (or some prefer stronger'wnrrnntiosAfhnn
others), We have shown in an earlier paper (Schwartz and Wildoe, 1982)
that vhen consumor proferences are heterogeneous and firms can offer
differont products, the market? for tho products will often segment;
firms solling particular products wlllAsoll only to consumers who
prefer thoso products. Applying that analysis horo, unloss consumers
who profer warranties will buy without warrngtlos if their soarch
rovoals only dealers who rofuse to warrant, and unless consumers who
do not profor warranties will buy with warranties if their search
roveals only dealcrs who warrant, the two markets will segment: vull
consnmors who prefer warranties will be in one mnrk?t, and all
consumors who do not will be in the other., In effect, those will be
markets for homogeneous goods, a case wo hnve.prevlpusly analyzod (see
Schwartz and Vildo, 1979). Warranty and nonwarranty markets will also
sogmont unless tho marginal cost to firms of offering warranties
oxcoods the marginal willingness to pay for them of consumors who do
not profer warranties but is less than the marginal willingness to pay
for them of consumors who do prefer warranties. Tho rationale of this
second condition for nonsogmentation is that if the marginal cost of
making warranties 1s less than the mnrglnni willingness to pay for
them of both sots of contumers, all consumors would bo in the warranty

markot; similarly, If the marginal co'st of making warranties oxcoeds
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tho1iillingnoss'to pay for thom of both sots of consumers, all
coﬁsumo?s would be in the nonwnrrnnt} market. Whonitho tocond
condition for nonsegmentation does not hold, ﬁho Annlysiﬂ nade in this
paper would apply, for thon all consﬁmors in a particulac markot would
profor warranties or nonmec would, Since th§ two conditiouz for
nonsggmontntion just described are nontrivial, whon consumecr
preferences.for warranties are hoterogongoua, our existing auliyﬁcs
often will suffice. '

Wo also have shown that whon markets for hototogcncuun goods
interact, a compctitive eﬁuilibrium will occur in both i{'n sufficlent
ﬁumber of consumors comparison sﬁop. ﬂonc?. our rocommendatién ﬂpro
thnt-thb performance of badly bohaved warranty markets will he
improved by roducing theo costs to consnmégs of comparison shopping
ho;dé even when consumer‘preferencos‘fot warrsintios nro‘axfnmcd to Ve
heterogonocous, Howover, no one has &ot described th; Eiods of
noncompotitive equilibria that will exist in markets in shich produdts
and consumers are heterogoneous and insufficient comparison ;ﬁuppln§
occurs. Tho practical importance of this failing is that noither the
response of firms to‘imperfoct informatign'nor the featu-<: that
ghntactorizo bad oquiliﬁtia in these casos aroe ow known. Thsrxofero,
if consumer preforoncos for iarrantj coverage Axo hetorognucous ahd
the resultant warranty markets do intoract, we qannot nov teoll
do;iaionmukern‘how to rocognizs poorly pofforming warranty wsrkets.

Nor' can we provide policy suggostions, apart from the rrcomnmuondation



that incroasing comparison shopping is 1likely to improve poor

performance, How significant a limitation on our analysis consumer

heterogenoity creates is an oempirical question,
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' (1978).

2, ;Mugﬁuson—ﬂoss Act section 102(a).’

3.  Magnuson—-Moss Act section 108(a).

4. ‘Magnuson—-Moss Act section 102(a),

'

5. 'If a consumor buys the good without a warranty and it Calls, we

dssume for convenience that the consumer oxits tho merhct rather

than repurchases,

6. ;Tho assunption that n is known to consumesxa is mot stricily
‘noecessary to the positive aspoct of our results, in thst the
_equilibria we characterize do not depend on consumorz incwing n;

~rathor, wo ask only how consumor proferoncoes for warinniy
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coverago, whothor "mistaken” or "correct,” areo roflocted in
markot perfdrmanco. The assumption that consumers know n is
rolovant to a normative evaluation of our rosnlts, in that if gho
markot accurately reflects mistaken preferences, the.tosultunt
Part 4 lator discusses tho

oquilibriom cannot be paroto optimal,

normative implications of relaxing the assumption that = is

known, . ' :
é

This soarch strategy is consistent with Stigler's qriglnnl work
on the oconomics of information but somewhat at odds with moro
rocent soarch-thooretioc models of consumer behavior in markets
for hotorogenoous goods (e.g, Wilde). For a Justification of
this stratcgy in thb proesont context, soco. Wilde and Schwartz;

Schwartz and Wildo (1979).
See Magnunson-Moss Act section 103,

By "willingness to pay"” we refer to the highest price that a

consumer would be willing to pay for the good with a warranty,

and the highest price that would be paid for tho good without

one. Wo assume hw > hN bocause it would be irrational even of
consumers who do not prefer warranties to be willing to pay more
for the good without a warranty than with ono, a warranty being a
desirable product feature. In our model, a consumor doos not
profer a warranty only if, when offered the opportunity to buy
tho product with and without a warranty at each item's

competitive price, the consumer is unwilling to pay tho premium

10.

for warranty coverage that firms must chargo to recovor Lhelir

costs, For convenience, wo easome that the willingnoss:s to pay—

—hw and hN——are identical for all consumers; the mod:i': rssults

.aro qualitatively unchanged if this assumption is rolazed., 530

Wilde and Schwartz, 1979. Tho absolute magnitude of hw and hN
aro in part a function of consumor prefetoncci; for v}Aﬂplo; th

is fikoly to bo higher,‘othor thingé equrl, 1f consumnrs prefor

werrantics,

This reosult is of normative 1ntegest if, ax doéisfonmaiars
commonly assume, warranties ars "good things"” for comzvnnrs to
have, Warranties could bo good fhiné: bocauso it mar scom -
prudent of consumers to insure against significant bharm:, such as

a mojor consumer durable being a lemon, and hocause, irn n goelated

vcih, positive oxternalities to the making of warrautis: may bo

thought to exist, As to these, a consumor's fumlly may also
bonofit from his or hor purchase of warranty protocticen. Section
2-318 A of the Uniform Commercial quo, in pufsﬁanco o the
bol%of that externalities of this sort exist, provide~ that "a
sollor’s warranty ., . . oxtonds to any natural porson who is in

tho family or household of his bﬁyer or is a guost in uin homs if

it 13 reasonable to oxpoct that such perzon mby uBo, CuVviNo OX

be affécted by the goods and who is injured in porson "+ breach

of tho warranty,”
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An additional assgmption made above, that is standard in the

economic literaturo, is that oach firm sells a single product;

hero, oach firm solls with warranties or without then, but cnnnot.‘

offer difforont covorages. In actual mnrkets{ firms sometimes
s011 with a standard warranty but offer consumers an optional
warranty at oxtra cost that is cither more oxtensive or of longer
duration than the rogulariwarranty. Our analysis does not permit
a formal evaluation of this practice, but we suspect that its
welfare offects aro ambiguous. The gain to consumers is an
increased likelihood of getting warranties they want at reduced
scarch costs, If consumors search for desired warranty cov&rage
as woll as for low prices, however, tho presenco of

"mul ticoverago firms” may in fact reduce search, which could

causoe prices to rise, A similar ambiguous welfare effect counld
attend roegulation that requires firms to expand warranty

coverage., If consumers would search loss because they knew that
ovory firm offers a good warranty, prices could rise. On the
other hand, if regulation is limited to tho caso that Theorem 3
describos, whore firms havo a comparative advantage at selling
without warranties and prosont search is insufficient to gcnorate ’

competitive oquilibria, regulation may produce not welfare gains,

administrative costs aside.

This 1s 1ikely to be tho case if tho standard deviation of

consumor ostimates is rolatively small,

13.

14.

an

Corville and Hausman roport & 1975 survey condnctod by Pk

‘University of Michigan Survey Research Coanter, in which conznmors

porceived A nood for repairs in home appliancos that w#3
cohsiderubly groater than tho failuros they had‘acpuslly
6xporioncod in pﬁst periods. S;rictly spoaking, this adrvey only
supports the hypothesis that consumers think things ar~ zetting
wors?, not that they aro pessimlstic rolative to &acinal fallure
pfobnbilitios. The kurvcy pevortholess socems more conslsiont with

a possimistic than with an optimistic attitude,

" Also, suppose we rolax tho assumption that x 1s oxogencous to

provide that (i) firms roeduce m—make products more rcliable—
whon they mnke warranties and (ii) consumors arovrisk neutral,
Then if tho willingness to pay (hW) risos more rapldly then Ilim
costs (OW)' oy falls and warranty covorage is;lessﬂll}A]y to.bc a
problem. Otherwise, coverage is more likely to be an isswe,” If
;onsumots aro risk averse, a rd&uction in fni;uro probLbi;Itios
by firms is moro likely to make coverago a problem, bni the

wolfare implications of this conclusion arc ambiguous,
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APPENDIX I

Proof of Theorecm 3:

The proof of this result is tedious and begins with a neries

of Lemmas,

. . .
‘Lemma 1: GN(pN)_= 0.

: ) * ' : . s
Proof of Lemma: Suppose GN(pN) > 0. Then expocted demand at my is 8
‘ B , .
(by zoro profits). A firm charging Py B hw - hN + py will also

attract s consumers. But it's profits are-then

sg(py = o) = (F+ B') 5 selpg = o) = (R4 F') =0

. . ) . . ‘ )
hN > PW pN) and s > g ‘Q.E.D
GN( )
and Gw(') cannot have more than a single point in common in Lho sense
that pN 8 supp GN and hw - hW + Py & supp G'.

Proof of Lemma: Suppose two such prlcep oxists, Py and ay- Mow

expocted demand at pN equals expectoed demand at hw - hN-f By
Thus,

expectod demand at ay oqnnls expected demand at hw - h + qw,
using obvious notation, wo have

) = F = Dplby = by + p)(hy ~ By + po = op) = (¥4 ')

(A1)

and
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Dn(apy) (ay = ) = F = Dp(hy = by + q) (hy = by + ay = cp) - (F+ F).
(A2)

Solving (A1) and (A2) for DN(pW) and DN(qN) wo got
Dyley) = (F'/ig) = Dylay),

whero kw = (hﬁ - cw) - (hN - o{i Thus expected demand is .equal ;t PN
and ay which violates z6ro profits, Q,E,D.
We are now ready to consider the possible equilibrium
.configurations in more detail, Three possibilities exist; In oﬁch
AnN 5> 0 and the distribution in the nonwarranties market covers
noncompetitive prices only., BHowever, tho warranties market can bo

nonexistent, competitive or nonﬁompetitivo. We consider tho

possibilities in that order.

Lemms 3: Nocossary and sufficient conditions for ng = 0 are:

. (1) 8ty ) aN(al + 2n2)
(11) & F' [kg 2 ayla; + 2a,)

Proof of Lemms : If e =0 then the maximum price in the nonwarranties
market is hN‘ Zoro profits then implies av= aN/ul. Lot ay be the

. minimum price in the nonwarranties market. Zero profits implies

LA /M) + (24, /M1(qy - ¢) - F =0, or
ay = o+ [agF/ayla; + 24,1

Now it must be the caso that ay 2 c+ (F/sw) or firms could enter the

warrantics market at hw - hN + qy and earn positive profits. This
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reducos to condition (1).

Considor & fixm entering tho w&trantiop market. %o noed Lo

know the form of nw(q) for q & [qW'hW] whero ay = hy = hN * gy In

goneral

ngla) = olag + 20001 = Gy = by + @1}a = o) = (F 1 ). (KD)
But zero profits implies

1 - Gylp) = .IF = a,0(p ~ c)]/laz(p.f ¢lo (A4)

Substituting (A4) into (A3) gives

my(a) = [F(q = o) [(hy = by & g = c)] = (F+ k')

which is decrcasing in q when kw = (hw - cw) - (hN - ¢) > ¢ (which it

is whon P! > 0). Thus we need only ‘ensure nw(qw) £ 0 — counditlon

(11). . ' " QE.D.

. . ) ) ) Py
Lemma 4: Nocessary and sufficient conditions for by > 0 srd Gﬁ(pw) =1

are:
(1) ~(51 + 2n2)uN ) ;lsw
(11) 85y > oy )
(111) AIF'/kw b3 2nlsw - (a1 + an)oN
Proof of Lomma: Again, the maximum price in the nonwarraw:!»s markoet

is hN and hence o = aN/nl.

In this caso qy is given by 9(;1 + 2n2nN)(qN -¢) - =0,

.
Zoro profits at Py implies a(nl + 2n2[nN + (nw/l)]] = sys Golving ler
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I Mg and ay glves
qy=c+ (alF/[Zalsw - (al + 2a2)aN]).
my = (ay3g = ay) /nyay,
oy = [lag + 2a))ay = 8y 851 /)0y,

Condition (1) is given by ng > 0 and condition (ii) by oy > 0. Theso

conditions also guarantee c + (F/sN) ¢ ay ¢ hN (see the proof of Lomma

3. 4

Condition (111) 3uar§ntee§ nN(qw) £ 0 whoero 9y = hw - hN + ay.
L ]
This suffices to rule out entry in tho warranties market abovo pw

sinco nw(p) is decroasing as in the proof of Lemma 3, Q. E.D.

Lemma 5: Necossary and snfficieﬁt conditions for oy > 0 and hwv> 0
with both markets noncompetitive are:
(1) sg 2 F'/kw
1) F'/xy 2 ay
(111) (1 + a,)kyay 2 a,F'

(iv) alF'/kw < 2nlswj (1 + 8))ay

Proof of Lemma:

It is impossible for both pﬁax = hN and panx = hw since zero

profits for both would be violated. Suppose p:nx = hw and pzl? 4 hN'

Zsro profits at hﬁ implies o = aw/al. Nonentry at hN then implies

o 2 oy, Since psnx < hN' there must bo firms located continnously on

by~ iy o

expected domand will be equal at p:nx and hW - hN + Py ¢

in the warranties market, As in the proof of Lemma 2,

Furthormore, zero profits implies

A4

coflag + 2a,n.01 - c;w'(hW Sl TR Vi D DEC SIS S eV (U [ B
olag + 2aymyll = Gp(hy = by + py M ey - o) - R =0

Honce Pgux = c + (FkW/F'); a constant. Lot Q=+ (Fs./0") and
g = hw - hN + aye Next, noto that Lemma 2 also impli:-
max

GW(hW‘— hy + Py ) & GW(qW) =0 (otherwiso tho supports «f Gy Anq GW

would have two points "in common”). Thus we have

a(nl + 2a2nw)(qN -¢)=-F=0

u(nl + Zaznw)(qw - cw) - (F f F{) =0,

which implies ng = a (F' - k o) /28 kyay, That ny > 0 thea Loplies
F' - iWaN > 0, or ay 4 ay, which contradicts Oy 2 Oy

Thus when n, > 0 and somo wntraqties are offerad i
noncompetitive prices, p$"‘ = Qg and p:ﬂx = hN' Zoro profits st N

and Qe rospectively, now imply

o(n1 + ZnZnN)(qN -9)~-F=0,

a(n1 + 2n2nN5(qw - cw) -(F+ F') =0. o

Following tho above procodure, we now get
ny = 8, (F' - k&aN)/ankwuN, »
ne o= [(ag + 2!2)kwuN - AIF‘]/ZazkwaN.

qy = ¢+ (ka/F').

'

Condition (1) is given by‘qN > ¢ +,(F/sw), coﬁdition (i) ty ny 2 0

and condition (iii) by ng > 0. Condition (iv) guarantocs " (') 1s

: 2
nondegonorato, To derive it wo first calculato Gw(pw). 7ezo profita



e
at Py implies

(A /M) + (24 /) LON/NY + (/M) [(Gy(pg) /2) + 1= Gylpg)]) = 5.

s
Solving for GW(PW) gives

Gylog) = 2k [(1 + )0y = a5 /(1 + a))kpay =~ 5, F'1,

Condition (iv) is just Gw(p;) M,

The proof of the theorem follows from these lommas.

2,5 > oW and ay < 0y are mecossary follows casily from noting the

lattor is oquivalont to Gy ¢ F'/kw.
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Sufficioncy is moro troublesomo., Labol the threo types of

equilibrium considored in Lemmas 4, 5, 6 as typo A, typo B and type C,

rospectively, Eliminating the conditions for each which are diroctly

implioed by alsw > ay or oy 4 ay» wo havo, for each caso,

A: (1)
(i1)

(i1)
(1i1)
C: (1)

(i1)

Theso conditions are closoly related; in fact they roduce to four
constraints or tholr negations, Thoso are laboled a, b, c and d.

neod to show that for any consistent combination of a, b, ¢, d or

(a; + 2a,) 0y ) g5y

alF'/kw 2 28y5p ~ (a; + 2a))0y
L b F'/kw

(n, + 2ay)oy > alF'/kw

ZaIsWI— (ag + 28))ay > alF'/kW
(n1 + 2‘2)“N 4 8,5y

(a, + 2ay)0y < an'/kw

(a)
(b)
(c)
(d)

(~b)

(~a)

(~d)

¥e

A6

their nogations, one of the oquilibria hold, Tahie 1 shou- that eash

consistent combination yiolds an equilibrium, and also ilinstratas the

nature of tho inconsistoncy for the othors,

QE.D,
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APPENDIX II

This appondix considers tho case in which consumer prqfor not
to buy warranties given competitive prices; Limit pfices for the good
with and without warranties aro lw and lN respoctively. That
consunors prefer not to buy warranties moans 1w - lN < p; - p;.

Further, we dofine §

By = F/(IN -c),
By = (F+ F)/(1y - cp),
kN = (1w - cw) - (lN -c).

Unlike the case in which consumers prefer warranties, kN can be either
positive or negative, VWhile kN ¢ 0 is the "natural” assumption given
1N - p; ) lw - p;, there i8 nothing to rule. out kN > 0. This causes
some complications in tho necessary and sufficiént oonditions for tho
various typos of oquilibria, but tho techniques of proof are slhllnt
to those used in appendix I, Additional notation will either be
defined as neerd or will be obvious. In general GN(') will refer to
the distribution of prices in the nonwarranties market and Gw(') will

refer to the distribution of prices in the warranties market.

Theorem 1: Necossary and sufficient conditions for nonwarranties

competitive and warranties nonexistent are:

(1) & < By/s

(11) a ¢ ﬂw/sw.

AR

e
Proof: With all fims charging py it must be that AI/N = g, or

g = ﬁN/s. A firm deviating will either charge IN for nonwacrtntles ox
lw for warranties, In elither caso it gits only nonshoppors, bnt in
th'e warranties market capacity equals S < 8, Thus we nnod

§1°(1N -¢c) {F and S(lw - cw) {F+ F, rhesq yleld (1) rrd (i1)

rcspﬁctivoly. Q. E.D.
Theorem 2: Necessary and sufficient conditions for nonwasrrrstics

nonexistont and warranties compoetitive are:

(1) e pN/sw \
(;1) 8 £ 5w/‘w
(111) kN 2 [(al + 2n2)(F + F') - F]/sw(d1 + 2a2). :

Proof: ConQitlons‘(i) and (1i) are dorived in a fashion aanlogous to
Theorem 1, Condition (iii) guaranteocs thu@_ontofing tho nonvairsntles
market at prices arbitrarily close to ;& — & 1s naoprofitablc, In

this case expected profit is
nN(pN - 8) = 6(&1 + 2“2)(PN -8 -¢) ~F,

+ oy + (F+ '3/,

- . »
But ¢ = ﬂw/a1 and py = Iy - lp+ pp = 1y = 1y + oy ¢

Requiring that "N(;N -~ 5 ) £0 for all & > 0 yields (iii)., 2.7.D,

Theorem 3: Necossary and sufficient conditions for both marhels

competitive aro:

(1) nys ) 8 - By ) 8,8y
(i1) nl(s ~ sw)/n2 £ min [ﬂN.ﬂw]
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(D) Ky 2 [+ P fsg] = (a,F/Llag + 20))8y = 881

. * v,
Proof: Zoro profits at PN and Py requires expected demand equal s and

2 respootively. Henoco

Calay + 20y [ng(1/2) + md) = s

and
( 4
ola, + Zaznw(1/2)1A= Sy,
Solving for o, ny and oy (using ng 4 oy = 1) yields:

o = (s~ 5. /a,
ny = [s- (a, + 2n2)sw]/a2(a = )
ng = (s - als)/nz(s-— ) .

Condition (i) comes from ny > 0 and ng > 0, Neoxt considor deviant
firms. Possiblo profit maximizing pricos are ;ﬁ - e (for ¢ > 0), lN'
and lW' Nonpésltivc profits at the latter two:of those yields
condition (1i) and at the former yields condition

(111). Q.E.D,

Thoorem 4: Necessary and sufficient conditions for nonwarranties

noncxistent and wmarranties noncompetitive arec:

(1) By € a sy
(11) By < By
(111) if (Al + 2a2)[5w > a5y then

(k2 [(F+ F')/sw]- - [all-'/pw(nl + 2a,) 1.
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4 .
Proof: When the warranties markot is noncompetitive and Hay % 0, zoro

,-profits at 1w (nocessarily the highest price in the warrantls:

market!) implies o = ﬁw/nl.
o ' *
;! First we nood to guarantee that GN is nondogensreta, Lpt Gw

i .
be the..size of any potential mass point at Pye Zoro profiir Implies
" fi .
v

[ [ ] ’
; ola, + zazr(ew/z) +1 -Gl = e

or, |

h '
Gy = I(n1 + 2a,)0 - ‘W]/°2°’

L .
Honce Gy < 1 iff a;5, > Py, condition (1) .

';‘ Next we calculate profits for entry into tho nonwarrcnties

!

markot above ;W‘ In general zero profits implies

. olay + 28,11 = Go(p)])(p = o) = F & F'.
Hencef
1= 6ylp) = [(F+ F) - aj0(p = cp)1fa(p = op)2r,.

But X
i myla) =.c{ai + 2a2[1 —'Gw(lW - Iyt qQ1)(q - ¢) ~ F,

o ‘
since a firm entering the nonwarranties market ai q will loss shoppors

i

to thoéo firms offeting warranties at prices less than 1w - gt hg.
Substitnting the definition of Gy and simplifying givos
! 2
| Comyla) = (F 4 Bk /(g = 1+ a = e) ™
H
| a
_Thus 1if kN 2 0 wo nood nN(lN) £ 0 which reduces té By £ Ry TF Gy >0

i
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- .
we also need to chock 'nN(pN ~ g ) for all ¢ » 0. Baut Gy > 0 iff

(A + 2a,)py and nN<SN - 8) 0 for all e > 0 iff

ke 2 L(F+ F')/sw] - [aiF/ﬁw(al + 28,1,

The latter condition implieg kN 2 0 when

(F+ F') /sy > a,F/pylag + 20)) .

&
As long as F' ) 0 and (n1 + 2a2)8W > ks this must always hold.

Koreover, ﬁw < ﬁN is equivalent to kN 2 F’/BN which also implies
ky 2 0 as long as F' ) 0, Thus conditions (ii) and (ii1) suffice to
charactorize this case if we can show kN ¢ 0 18 impossible, But this‘

is trivial since nN(lN) € 0 must always hold and this implies kN 20

as above, Q.E,D.

Theorom 5: Nocessary and snfficient conditions for nonwarranties

noncompetitive and warrantios nonexistent aro:

() By <Caygs
(11) &y < 0 (which implies By < By).
(1iia) If ky > 0 and a;s  (a; + 2a,)By then
(1) kg2 [(F+ F)/ag) - {a,F/120,5 ~ (a; + 23,)B\1) implies
(a) l1(23 - ‘W) < fiN(a1 + 2a2)
(P) Xy & L(F+ F') [fse] = (o F/12a)8 = (a; + 20,)Py])
(2) Xy ¢ LF+ F')[sg) = (a,F[128,5 = (a; + 22,)\ 1) implies
(a) kg £ F'/sw.
(114b) If ky > 0 and a;s > (a; + 2a,)By then

(1) k2 UF+ F')/sp] - [a,F/(ay + 20))p,] implios

.82

(a) LTI BN(A1 + 2a2)
B x> ’1“'/(”N(’1 + 21))
(2) Xy C LR+ F) /sg] = [a,F/(ag + 32a)05,] implins

(@) Ky S F'/sw.

Proof: This case is somowhat complicated, Flfat, note thrt o = le/a1
. - 0 .
in the usual fashion. Also, 1if GN is tho size of any potential mdss

® : 8
point at Py the usual argument for GN ¢ 1 ylolds a8 > By oondition

.

Now considor entry into the warranties market, Uning

argumonts similar to those found in the proof of Thoeorem 4, »e have

1'— Gylp) = [F - alu(b - c)]/§(p'— ¢)2a,

and

me(a) = -Fry /(1 = Iy + g = 0)1 -~ (R + F'),

whence
' ..—F 2
ﬂw(q) = kN/(lN —'lW +q-c)”.

If ky <0 then My 2.0 a0 it mattors not whether Gy hes & mass point at

[ ] .
Py Ve need only check nw(lw) £ 0, Expocted demand at 17 i a9, or
BN. But kN ¢ 0-implies By < ﬁw. Hence BN < ﬁw < eg and wc nood
ﬂN(lw - cw) £ F + P_F', on BN < By » whic§ is already Imnlisé by
kﬂ,( 0.

'
Now, suppose ky > 0 so that nw(q) < 0, First, ocu-ldor A mass
PR

point nt'pN; i.e., 8,8 < BN(n1 + 252). Lot Ty o tho f#rs( pelco

.
above Py actually offerod. Then zZoro profits gives
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Ty = e+ [alF/IZazs - (e, + ?az)ﬂN].

1f ™ 2 ;ﬁ, then one checks to soo whether sxpocted domand at Ty ls

groator or less than S0 and then chocks profits at Iy @ lw - lN + Tye

If Ty ¢ ;N thon ono doss the same thing for ;N sinco
- - &
Py ® IW -1+ Py < Py in this case.

Considor first rN 2 ;N; 1,04,
4
kN 2 I(F +'F')/aw] - ([an/(Zuzs - (al + 2&2)ﬁN]).
Expectoed demand af Iy is
'EDN(rN) = [Zazs - BN(FI + 262)]/51.
Thus EDW(rw) = EDN(rN) 4 sy iff
nl(Zs - 'W)_< ﬂN(a1 + Zaz).

whore r, = 1w - lN + ry. This condition is nocessary since‘

EDw(rW) 2 sy monns positive profits conld be madec at Tye If it holds,

then wo still need my(sr.) 0, or
LV alF'/[2a25 - (a, + 2a2)ﬁN]_
If N < ;N; i, 0.,
K <LF+ P fog) = (ayR/[2ays = (a) + 20810,
then we nood m (pg) < 0, or

Ky £ F'/sw.
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Togethor theso argumonts give condition (iii),
. e
Figu]ly, suppose there i8 no mass point at Py# Loy
88 ? ﬂN(al + 202). Lot qy be thoe first price above py antuall?

offorod,” Then zoro profits gives
ay = o+ [alF/ﬂN(al + 228,)1.
Procceding as bofore, ay 2 ;N iff
ky 2 [(F +‘F’)/5W] - [8,F/(a; + 28,)By1.
Expectod dcmand at ay is
EDy(qy) = By(ny + 28,) /a;.
Thus EDw(qw) = EDN(qN) < Sy iff
a5y > Bylag + 22p)
where ay = 1w - 1N + qN. Given this oondltloﬁ wo éoeq ng(uﬁo £0, o
iN 2 alF'/ﬁN(al + 2u2);
If dy (‘pN; i.0.,
Ky < L+ F') fay] ~ [a F/(ag + 24, /By],

»
thog we noed "W‘Pw) £ 0 or

kN-‘F'/’;w

as before. OB D
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Theorem 6: Necoessary and sufficient conditions for nonwarranties

sompetitiye and warranties noncompetitive are:

(1) (nl + 2a2)Bw b s > ﬂw
(11) 8,By > al(a - sw)
(1) Kk 2 [(F+ F')/sw] - (alF/[2nzs = (ay + 2a,)By1)

(iv) ﬁw < SN
g.i

Proof: Since the warranties market is noncompetitive, o = ﬂw/nl; Zoro

.
profits st Py implies

oa; + 28,[(n,/2) + ngl = s,

ny = [(al + 28y)0 - ]/azc

ng = (s ~ a)/azo.

. *
Condition (i) is given by >0 and oy > 0. Consider Gy = GW(pW)'

Zero profits again implios

olay + ZaZnWIG;(l/z) + (1 - G;)]) = Sy
or '

G = [(25 - &

v - (al + 2!2)61/(8 - g).

W
Condition (i11) is given ﬁy G; <1,

Finnlly, considor entry into the nonwarranties market above
'y ! - —
Pye Prices arbitrarily close to py are always an 1ssue., Following

tho standard procedure,
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my(a) = (L(F + B)(q = 0)] /1y = 1+ a ~ eg)) = F
and ' : :
] . ' 2
me(a) = (F+ F'lk /(1 - Iy + a = e
Now nN<;N - 8) gio for all e » 0 iff

ky 2 [(F + F')/sW] - (:1F/[2a23.— (51 + Zaz)ﬂwllf

' 9 .
cqndttion (111). I1f kN > 0 then nN(q) > 0 s0o we nned nN(IN) {0, or
By S ﬁN. This is oqnivalent»to by 2 F’/BN. " Hence k€0 de
impossible sinco ﬂN(lN) £ 0 is neceszary whother lN is tha profit
maximizing choico for a deviant firm or not! Note also, kN ) F'/pN is

sufficient for kN 2 0, Q.E.D.

Theorem 7a8: Nocossary and sufficiont conditions for nonwarront ins

(DAX

noncompetitive and warranties competitive when Py = IN are:

(1) al(s -~ sw) <Ca,By

(1) If (8, + 28,)By ) a,s then: | |
(1) (ai + 3a2)EN > a1(21 - aw) b (al + ZRZ)FH
(2) k2 LR+ F') [ag) = (a,F/[28,8 = (ag + i-,)B))
(3) K« alF‘/[(nl + 28,)By — 28,(s = 2p) 1.

(111)  If (a + 28))By < .ls-tnen:'
(1) (nl + an)BN > aysy > By
(2) kg2 UF+ F)/ag) = [a,F/(ay ¢ 20))8)]

3) Ky < alp'/[zuz,s'w - Bylay +20,)].

Proof: Whon the nonwarranties markot is noncompatitivo, thoe 'ovmnl?
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case is for lN to bo the maximum price in that market.
.
Supposo first there is a mass point at NE Thon it must be
- s
that GN(pN) = GN(pN) or zero profits would over-constrain tho system
* o -, ‘
(wo would need zoro profits at IN' Pyr Py and Py~ 8 for all ¢ ) 0).

. e ‘
Setting oxpectod demand equal to capacity at Py and Py gives

.
a(al + 2a2[nN(1 - GN/Z)) + nw]] = g

L]
o(al + 2n2[nN(1 - GN)»“+ (nw/z)ll = 8y
Solving for nge Ty and G; yields

ngo= [(n1 + 3a2)cr - (238 - :w)]/azcr

np = [(2s = 5p) - (a) + Zaz)c]/uza

» =

Gy = [(a; + 20,00 ~ s]/[(a; + 38,00 = (25 = 5)].

.
Zoro profits at 1N implies ¢ = BN/nl. That GN <1 yields condition

(1), and G; % 0 yields subcase (ii). Condition (ii)(1) is then a

rostatomont of ny > 0 and Ny > 0,

.
. Lot ay be tho first price above Py actually offerod, Then

o[al + Zaan(l - G;)](qN -¢) =F

or

Gy = ¢+ (alF/[(a1 + 20,05 - s 1))

It must be that q > ;N or the system would again bo over—constrained.

Benoo we nood

k2 [P+ B [sy] = (& R/UGag + 20908 = 20,(s = 5) 1),

But "N(;N ~¢) $0 for ¢ » 0 must algo hold, This roducu: 16
ky 2 LR+ F')/swl - (8;F/[28,8 = (a; + 2a))f 0.

Th§ latter, howovor, implios ay > ;N when oy > 0, This yield

condition (ii) (2).

: ¢
Finally consider profits in the warranties markot cihave pw.

Let qw = ],w - lN + qye Thon on [qw, lw]o :

ﬂw(p) = [F{p - c")/(lN - 1w + p-o0)] - (F 4+ F"

whence
e .2
Cmg(p) = kg Ff(1y - 1p 4 p = e)”.
If kN £ 0 we noed nw(lw) £ 0. But *& £ 0 is impossible bennuse oy PV
and gN > ;N imply kN > 0. If kN > 0 then wo nood "W(QW) $ 0. Since
oxpectod demand at ay is plso loss than L this roduces to
ky £ alF'/[(ai + ZuZ)BN - 2a2(s - sw)]..

These two constraints yield condition (i1)(3),

. ) ®
Yhen (nl + zaz)ﬁN £ a8 then no mass point appoars =& GN' Lcﬁ

. . ) ' :
Ty be tho first prico above Py actually offered. Then pr.::ading

exactly as nboie, noting rN ) ;N is roquired, we got (siuce
- L
GN(pN) = Gy)

ne = [(a; + 28,0 - sw]/aza
oy ke (sW - u)/nzaigm&.

That ny > 0 and ny > 0 yields condition (1ii)(1). That myfny = &) <0
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for a1l & > O implies ry > py and yields condition (iii)(2). Simco
the torm‘of ﬂw(p) is the same on [qW'lw] as above, and kN £ 0 is again

impossible, condition (1i11)(3) is yieldod by nw(qw) $ o,

" Theorem Tb: Necestary and sufficient conditions for nonwarrantios

noncompetitive and warranties competitive when pﬁaz is arbitrarily

closo to ;N aro:
H

(1) F'/sw Chy ¢ (F+ 2F") /s,

(11) kN § [(F + F')/lw] -,(uzF/(sw(al + 2«2) - nls] as sw(u1 + 2a2) % a8

(111)  aylF + 2(F' - ks)1/(F + F - Iysy) < min(pg By
- .
Proof: Zoro profits at py — ¢ for all & > 0 and at Py imply

0(31 + 2a,ng) (py - ¢) =F

c[nl + 2n2nw(1/2)] = sy,
Solving for nys Ny and o gives

[a,F + (a, + 28,)(F' - stw)]/ale + 2(F" = kysp)]

nN =
ng = 8 (kysy - F')/aZ[F + 2(F - xysp)]
o = sg[F+ 2(F - kysel/a (F+ B = s

Now ;N - ¢ >0 implies F + F' -~ kwa > 0, Hence o > 0 iff
F+ 2(F" - stw) 0,
This, in turn, implies oy > 0 and oy > 0 iff

LY (al + 2&2)(F' - stw)
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kNSw >R,

These can be rewritten, respoctively, as

; ky < (F + 2F) [25y
ky > [Cag + 28))F' = a,F1/ag(a; + 2n,)
by ? F'/SW'

But F'/sw > [(a1 + 2a2)F' - a2F]/sw(a1 +‘2a2), s0 oy > 0 implies

N > 0 when o > 0., Thus the second constraigt 18 rodun:i:nuvt,

¢ : : .
Next, let GN bo tho sizo of any potential masz point =t Py v

Then
o |
alay + 28, [ny(1 = (6,/2)) + ngl) = 3, |

or

G; = [(a, + 2n2)a.— a]/nzanN.

i .
‘Hence GN 1 iff (nl + 2n2)c ¢ a,0my, or

by > UF+ F) /o] - (a,F/sglay + 28)) = aj3]) If s,(ny + 28,) > ays

kg CUF 4 F) [og) = (ayF/laglay + 2a)) = a8]) 1f sy(ay + 28)) Cnys

Finally, we nced ﬂN(lN) € 0 and nw(lw) < 0. Those rodnco to nld 4 BN

and 8,0 ¢ pw respoectively, or

aylF + 2(F - ko) 1/(F + B - stm) < min{Bg, by Q.2.D.

Theorem 8a: Necossary and sufficient conditions for both marketz
max L e .
noncompetitive when Py lN and G - GN(pN) > 0 are:
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() F' /g > xy F' [y

(ii) (ag + 28,)By ) 8,8 |

(111) kN[(:l + 4u2)ﬂN - 2:281 > alF' > kN[(al + 202)BN - 28,5
(iv) kN[(nl + 2a2)$N - 2a2(: - sw)] > alF'

(V) k2 IR+ F') [sg) - (s,F/[28,8 = (a; + 25,)p 1),

* ' .
Proof: Suppose GN(p;) = G' > 0. Then the first prico above Py

Az
actually offered must be tN whore
ty = o+ (FK,/F"),

To soo this note first that the distributions cannot ovorlap in the

sonse that there oxists no Py & $UpP GN such that Py & $UpPP Gw whoro
Py = 1w - 1N + py excopt at py = t. Suppose there exists such a
pN(lntN). Then expected demand at Py equals expected domand at Py-

© Zero profits impliez this expected domand equals F'/kN. Since
expocted demand cannot be constant (or zero profits is violated),

thore is only one price which can satisfy equal oxpocted domands and

zero profits. Tho latter implies, howevor, that
(F'/kN)(pN - ¢) = F,
or Py = tN as defined above. It then follows that Py = tw,_whero
= ’ t
ty = oy + [(F+ FOY /R,

It must be tho case that 1N > tN > ;N (tho latter becanse tN £ ;W

would imply Dy = 0). Honce we neod
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F' /By > by ﬁ'/.w.

Note tho right-hand side of this constraint implies kN 2 0.
‘ s &
.Next tonsider By, ny and G- Zoro profits at py rod ty

rospectively, imply
s .‘
alay + 2a,[ny(1 = (Gy/2)) + ngl) = s
. .
ola, + 2a,n(1 - GN)](tN -¢) =T,
*
Solving for Do My and GN give

my = [(ay + 4‘112)01%;— 2kys + F'] 200k,

oy = [2kys = F' = (a; + 2n,)0k 1 /28 k0
Gy = 2kg[(ag + 2000 = a1/[(a, + 48))cky - 2kys + '],

Wo require 0 ¢ G; ¢ 1. Honco F'/nlkN > o g/(al + 2ny). the flret
inoquality being oquivalent to 1N b tN' .Wo algo roquirs iy > 0 and
oy > 0, or

kN[(ul + 4a2)q - 251> F ) kN[(a1 + 28y)0 - 78]
Now considor the warranties market. Zero profits at p; Yapiios

{ ' ) + “‘/ :

alag + 2«2[nN(1 - Oy nw(l - (Gw 2))1) = Sy

or
. ’ .
Gy = 2ky(25 - sy - (ag + 2a))c]/M28ky = F' = (a) + 23,)ky1e

That G‘ 4 1.toquitos

W

kyl(ag + 2ay)0 ~»2(s - sw)] y 1,
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a8 condition which implies (a1 + 2a2)a > 2(s - sw) since ky > 0 and

F'z()o

Now consider entry, Prices arbitrarily close to ;N must be

ruled out, In the usual fashion this reduces to
Ky 2 [(B+ B') /eyl = (R/[28 = (a; + 2a,)c]),

Two other prices need to be :hockod. One 1is lw. That nN(lw) <o,

bowever, roduces to By ¢ By or tN < F'/ﬂN; a constraint equivalent to

4
1, ) t,. Finally, suppose Gw has a mass point at Py and let dy be tho

N N
first price above p; actually offered, Thon zoro profits implies

Ay = o + {(F + F')/(n1 + 2a2)c - 2(s ~ §€)]).

. . . '
That U > Py is implied by Gw > 0 and that ay ¢ tw is implied by
. .
Gy < 1, Dofine ay = IN - 1g+ ay. Then nN(qN) £ 0 reduces again to
1y
Gw <1, A similar set of calculations applies when G; 2 0.
Substituting o = BN/a1 into these various constrnints.givea
the theorem, Q.E.D.
Theorom 8b: Nocossary and sufficient conditions for both markets
. .
noncompetitive when p§°‘ = 1y and GN = GN(pN) =0 are:
(1) F'/py > kg > B'/sy
(i1) (u1 + 2a2)ﬁNkN > alF' > azﬁNkN
- ’ d '
(111) XN[anaw (ay + 2n2)BN] > a,F

(v) %y 2 I(F + F')/:w] - [an/ﬁN(ai + 20,)1.

Proof: The lowest price in the nonwarranties market is again tN whoro

ty and ty, ero defined as in the proof of Theorem 8a, Iarce wo agaia
P°°d F’/pN > by F'/swa Zeorto profita at ty implies

alay + z'uan)(tN ~¢) =F, or

ny = (F - 2,0ky) [22,0ky

vy = [(a; + 28))aky = F']1/2a,0k,.

Henco ty > 0 and n, > 0 imply (al + ZuZ)GkN > B ) agahg. Corsidox

. » IS
next Gw(pw):= GW’ Zeoro profits implies
s
o(al + 2u2(nN + nW(l - GW/Z)]] =ty
or
-3

Gy = 2ky[(a, + 2a,)a0 - sW]/[(a1 + 2a,)aky = F'],

Hence Gy ¢ 1
ence Gy <1 iff'
ky[2s, = (a + 28,)0] > F'.

Again, as in the proof of Theorem 8a, ontry is only an is .2 at prices

arbitrarily close to ;N‘ This is unprofitable iff
kN 2 I(F + F')/sw] - [F/c(n1 + 2.2)].

Substituting o = BN/al into these constraints gives the

theorem. Q.E.D,

" Theorem 8c: It is impossible for both markets to be nonzimpetitiyo

max. _

MAX- g 1w and Py tN.

whon Py

Proof: In this equilibrium tN and tw‘remuih the only pricas at which
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tho supports of Gy and Oy *ovorlap”, but now GN(tN) =1 and
Gylty) < 1. ¥o still need Py <ty $ g oor F'/By > ty ) F'/ag. e
also need nN(lN) £ 0, or ﬁw £ BN' which is equivalent to F’/BN Sk a

cortradiction to tN 4 lN' . Q.E.D,

Theorem 8d: Necessary and snfficient conditions for both mérkets

noncompetitiye whon pgaz = 1y and pzax is arbitrarily elose to ;" are:
A

(1) LR+ p)) /3] = [a,F/Cag + 285)Bgl > Ky > [(F + F') [s,) - (F/py)
(1) k¢ [(F+ F')/sw] - [alF/[Zazs - (ay + 28y)Byl)
(111) Ky ¢ [(F + F') [sg] = [F/(285 - Bp)]

Proof: Since panx = lw, o= Bw/nl. Zero profits at ;N - ¢ for all

6> 0 implios that

olay + 28,n) (py = ©) = F,

or

ng = [Fsy - 80(F+ F' = kyus)1/20,0(F + F' - Xys.)

ay = [(a; +28))0(F + F' = kysp) — Fa1/28)0(F + B! - kysy).
Thus we noed L > 0 and oy > 0, or
(al + 28,)o(F + F' - stw) > Fsg > 8, o(F + F' — kysg.
»
Next considor mass points, At Py

ola

¢
1+ 2oy lng + my(1 —(Gg/2)]) = s,

or

" .
Gy = [(al + 2n2)§ - s]/nzan.
» .
Thus G, ¢ 1 1ff
N
(“1 + 252 - °2"N)“ < s,
which reduces to
ky < LF+ F) /a1 = (F/128 = (&) + 20))0]).
3
At py,

olay + 2ayngl1 - (Oy/D1) = 5y,

or

s . . . ‘
Gy = 2oglkysy ~ F']/[st - nlcﬂF + P —‘kﬂsﬁ)]'

Hence G, < 1 iff

v

Ky < LF +F) [agl = [F/(25y = 8j0)]
Finally, consider entry abovo ;N' Folloiing the usnal procednre,

my(p) = [(F+ F')(p ~ c)[(lw— I+ p=cgl - T
whenco ‘

ﬂé(p) = (F +F')kN/(iw -1yt - cw)z.

Now wg always need &N(IN) £ 0, ox BW < ﬁNg This reduces fo

. - . [
ky ) F'/pN. Thus ky < 0 is impossible and my(p) > 0. Thus A ¢ By

sufficos to guarantoo nN(p) £ 0 for all p 2 ;N‘
| ' Q.r.n.
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Corollary 1: If y <0 thon tho warranties market can nover oxist,

Tarthoermore,

(1) the nonwarranties market is competitivo iff 8 < ﬂN/s.

(11) the nonwarranties market is noncompetitive iff 8y > ﬁN/s.

Proof: This rosult follows from noting all cases exist 1 and 5 roquire

kN > 0, and when k < 0, By > By + This roduces the néconnnry and

sufficient conditions of Theorems 1 and 5§ to (i) and (ii) above.

Q.E.D.

Corollary 2: If F' = 0 and kN > 0, then tho folléwing typos of
oquilibria are possible (ignoring the "pathological®” casos 7b.nnd 8d):

(1) all the variou; competitive equilibria

(2) nonwarrantios nonexistent and warranties noncompetitive

(3) nonwarranties competitive and warranties noncompetitive
Furthermore, tho nocossary and sufficient conditions for each are mot
mutvally exclusive.

Corollary 1 is tho interosting result here, Recall

kN = (1W - cW) - (lN ~—c). If wo assumed differontiable, u-shaped
avorage cost curves, then in a competitive quilibrium p; = mnrgiﬁnl
cost of nonwarranties E HCN and p; = marginal cost of warranties
5 Gy, Thus by = (1y = MGy = (1y = MGY = (1g = zp) = 1y = py.
Nenco 1W - 1N 14 p; - p; would imply kN ¢ 0. Vhen kN ¢ 0 only two
possiblo equilibrium configurations can occur, in neither of which any

firms offer tho good with a warranty; i,e., thore is no coverage

problem, Thntka >0 is possible In our model arises bocannze of the

discontinuous nature of mitginal costs at s and &

¥

= ﬂ(l -~ ﬂ)c
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