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and tastes. Linder apparently had a mouopolistic competition type of -

) keeping with its representative demand to consumers who are on the

a0 {*CHAPTER 1 e T

<

o 5 o INTRODUCTION AND* OVERVIEW
'., N E AN ';A , ‘\' . T \ . ,‘ B . .-
. . M M “ L‘-.\ i - T +

- As early as 1961 Staffan Linder4pointed out that although the

-

standard factor proportions model was a useful explanation.of the patternc

- e

‘of trade in primary products, it was not a satisfactory explanation of

the volume of trade in similar manufactured goods. i T'_ Lo o

Linder s hypothesis was that countries tended to produce (/J

' ’manufactured goods of the quality that were representative of : the

.

domestic demand which he asserted Was a function of the averag¢ domestict

income. Scale economies implicitly restrict the variety of qualities that

.

could be produced within a country, especially for’ consumers who are ‘on -

.- ¢

«

the fringes of the représentative demand» . I ' j""

> e

Trade was viewed simply as an extension of the domestic markét, and

Ve

was expected to be most intense between economies with identical income

model in mind where the . increased extent of the market brought about by

3

trade, resulted in’ an in—filling of the variety of. qualities available.

~ ERS

Trade between economies with somewhat different income and tastes was

o' I .

L

f_,expected to result 4in each economy ékporting qualities‘which arenin"" .

cwn A
'\g ol . n

‘,\-cl - -

PN : . B

fringe of the representative demand in the other country.

o .t g

t, R ..
o Cetee et .

and taste differences in- the context of the factor proportions model

' . - " ‘ . <
UGN £

little attention was paid t6° constructing models of- trade in similar

~

While«various authbrs have examined the effects of scale economies f_

w5,




: manufactured godds ahich'capture these’effects until very. recenﬁly. %pch'
of the resurgence in interest has stemmed from the rapidly developing
: industrial organization literature -0n product differentiation, which lends '

S. . b ' B

. itself quite naturally to this task - : X o e -
The- most well known example of this research is the work of |
v‘f‘f Krugman (1979). Krugman constructs a’simple generaL equi, ibrium model
'é . - of trade.in\horizontally differentlated ‘goods, based o the Spence
~f' (1976) Dixit and Stiglitz (1977) model of Chamberlinian monopollstic

competition. Scale-economies'limit the number of garieties available -
X IR . . B . ‘ .- . . » . . .
S ' . to. identieal consumers'in autarky, who are assumed‘to have a preference,

- -t

A ) . “for variety.i By increasrng the extent of the market, trade helps capture

o ‘scale economles, w1th the result that more varieties are produced making

-\_'consumers better off{ B ¢
Related papers by Lancaster (1980) and Helpman (1981) draw on - «
\ . i

- the perfect monopolistic competition work of Lancaster (1979) As in,

S Krugman (1979) scale economles llmit the number of varieties available

. - B 1 [
- f . o

to consumers in autarky who‘are assumed to be unlformly distributed over

X '_'.their most breferred variety. Trade helps capture these scale economies

~ . RS
N -

< w1th the rasult. that more varietles are produced which leaves consumers

,.

+

", closer to their most: preferred variety and correspondingly better- off

ﬁ.f33 ‘ \While both of these models -are embedded withln ‘a factor proportions
- i PR R K
e model very little can be said about the pattetn of trade in similar

manufaqtured goods. ‘;

i

The symmetrles Which ‘are., inherent in these models also leave:: very
L iﬁ R 3:‘ little'scope to explore the role of demand differences in determining the

ql = pattern of trade, and iEs effects on’ 1ndivﬁdual consumers 1n each country

=

o
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" L Recent papers by Eaton and Kisrzkowski*fl984) and Dinopoulos (1984) S
&, " e ey

e bo;h construct more’ flexible‘modeis*of trade in horizontally differentiated'

. - B - D
+ o \ A .

SELEE goods which begin to addreSS'some of these issuesc~ ',:-'“ I R

. i"t.. . Considerably less attention haa been—paid to modelling the pattern

e - o e =
.

of trade in quality differentiated goods.‘:A casual examination of thef'
ke - :

empirical findings of Grubel and Lloyd (1975) would suggest that ‘a’. -*:7'::

significant Yolume of the trade 1n final goods is differentiated with

L R

respect to quality, which is not captured in these horizontally

: differentiqted goods models...{ o ?{fi'ﬂ'lrf}"»z R T T -
N .To date, fhelonly moded of traae.in quality differentiated goods‘gfi’}iff cr

1»3 the partial;equilibrium m“_' 1 o_f JaskoldvGabszewicz, Shaked, S"utton

-and Thisse (1981),‘and Shaked’and Suttonw(1984) Their-model is based ;:it;f‘qi‘e

. e
o

-;.,on the notion of a natural nligopoly equilibrium developed in al serir/P)'lf“'ﬁﬂ'A“

[ r n N e S " LR -
r'. 5 . e RS .

_ Sf pape;s by Jaskold Gabszewicz and Thisse (1980), and Shaked and Sdtton,p

- e S e g z“' ﬂ?
(1982 1983) * :j;, ,é' ot

;'i-.' Their model centers around a ptoduction technology in Which the

RN M AR a .
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trade opens, and on the pabtern of trade. While the analysis is primarily
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positive in nature, attention,is paid to-the effects of trade'on individual
' consumers in each country,_ As with Shaked and Sutton (1984), thewmore' IR
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: whereﬂthe burden’of-quality-improvéments falls-on marginal costs-rather
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than fixed costs; This provides a role for scale economies to determine.:‘

‘ ,the variety of qualities produced which contrasts with the Shaked and

Sutton (1984) analysis, although that technology is also considered.
Ghapter 2 sets out the basic modeI of quality differentiated goods .

production for an economy in autarky, whichunnderlies much of the\analysis_
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in the chapters that follow. For expositional simplicity, all consumers-
are assumed to have identical willingness to pay fqr quality. In.this
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simple one consumer—type model a- monopolist 1s shown to pnoduce a o
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socially efficient level of quality, extracting'all consumers net’ benefit

i_(consumer surplus), which 1s defined as the differenCe bétWeeh a-consumer's

willingness to pay for a quality differentiated good and its price.;wlt,‘@ )

.should be pointed out that although the model is set; in a general
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.equilibrium framework the welfarevimplications for individual consumers I
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ji are rather partial equilibrium in nature, focusing on consumer surplus.

Chapter 3. focuses on the role of de differences within a
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. country in determining the vaniety of qualities produced by both price o

:discriminating and non—price diScriminating monopolists, in a very
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f;flexible two consumer-type version of the basic model of quality
'differ ntiated goods production developed im Chapter 2, It is shown
" for both price discriminating and non—price discriminating monopolists,r
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,that the number and 1eve1~of qualities produced will depend'on‘the-

1 - f \ "‘

' number(of consumers in each group, and their respective preferences for
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quality. o
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In the price discrimination equilibrium configuration, it is shown
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that increases in the population of either consumer types, helps-overcome
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fixed costs, with the result that two distinct levels of quality are more

likely to be produced thereby increasing variety..r_
In the no. price‘discriminatign equilibrium configuration, it is

shown that while balanced growth in the population«of both conSumer types
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also makes producing two distinct levels of quality more likely, growth
in the population of low willingness to pay consumers alone, ‘may lead to

-

less variety as eventually only the low quality good is produced High

willingness to pay consumers are shown to derive positive net benefit in -
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“the" presence of a significant population of Jlow willingness to,pay consumers
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qualities produced ot the average leyel of quality produced : High }'

willingness to pay cdnsumers are’ shown to gain net benefit but only in -
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e The simple two eonsumer-type model of quality differentiated goods
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production developed“in this chapter provides a very flexible model to
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: éﬁsues should trége open between two.such economies. Theiappendixito
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this chapter begins to address some of these issues by examining the -}
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consequences of opening up- trade between two’ such economies: It is shown
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however that with this simple two consumervtype model some rather restrictive
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assumptions ‘on firm pricing behaviour are required for an equilibrium to exist‘
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Eaton and Kierzkowski (1984) ‘run into the same difficulties in a simple two
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consumer—type model of horizontally differentiated goods production.
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Lo Chapter 4 examines the consequences of opening up trade between two

.,.economies charactenized by the basic ‘model of quality differentiated goods
production, but where consumers in each eountry are assumed to be‘}niformly
distributed oyer their willingness to pay for quality. While this leaves )
little’ sco;e to examine the effects of trade on minority'and majority*taste
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groups in each country, the.non—existence problems associated with opening
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h R tn ade between two economies characterized by the more flexible two~innt-
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% tribution, as discussed in the appendix to Chapter 3, are avoided
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To simplify the analysis, fixed costs are' assumed sufficiently ) RS
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high such that each economy,produces a single leVel of quality both in-
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autarky and onde trade opens.- This allows‘for a very ciear examination of
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L - In each country 1in autarky, the equilibrium price and quality
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combination bffered to consumers by a monopolist is shown to;depend on ‘-
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the distribution of willingnesees to pay for quality.. Consumers benefit o
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from wider distributions in which lowar willingness to pay eonsumers are ‘

\~-served th;h is analogous to the results oBtained for the two-point

distribution examined-in Chapter 34
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L under the simplifying assumption that in eQuilibrium, all consumers in

each cbuntry buy a quslity differentiated good This requires that the et h
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distribution ofewillingnesses to pay be sufficiently narrow such that in '~"
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equilibrium, ‘the lowest wiliingness,to pay consumer in eaeh c0untry is-'-
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7& consumers extraqumore net benefit in the~foreign councry where 1ower :mj'.{,

N served.. The appendix to this-chapter examines the complications which

—

oy ._ I3

.t arise for wider distributipns, in,yhich the lowest willingness £o pay
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kA consumers may not be served. Excluding thé iowest uillingness tp pay <o
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'_:consumer, however, is shown.to eause kinked price reaction functions ’
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SN which greatlyicomplicates the quality setting equilibrium. Computational ,,vs

methquvare used to show'that while trade still causes the “two firms to~
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push their qualities apart, discontinuities and multiple equilibria result.
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Chapter 5 considerska'rather special variation of the model of
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trade in quality differentiated goods developed in: Chapter 4 which nicely
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highlfghts thé role of demand differences in determining the pattern of
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C The trading equilibrium deSeribed in this chapter is developed L S

' trade,‘and its effects on’ inaividual consumers in each country. e i“;’ﬁlf

el
K
‘w

._» »
- \-

the home country having a majority of high willingness to pay consumers, . 5“

and the foreign,country haviﬁg a majority of’ low willingness to pay ?;“
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#, consumers. The range?of willingnesses to payxfor quality and the‘total :‘-i s
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each country is_characterized by a right triangular distribution, with‘ A
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T the competition between the two firms is mbde!le& exagtly~as Chapter 4.
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willingness to pay consumers who are in a majofity warranx being ﬂerved,
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~whieh is~analogous to the resukts of Chapter 3 As in Qhapter 4 aIl
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~consumers "in each opuntry benefit more from wider disoributions in which
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dquolists over price and quality\for consumers inféach country.q.As
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"- 'two triangular diotributions are assumed“to fum to a uniform distrihution,
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The competition btought about by trade causes the two‘firms to push thein "

qualities even farther‘apart than the autarky levels found here, therehy ;f-
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reducing*the price competition between them. ' .‘v“-f a ;7';f o igﬁ
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S . 4fAIn equiltbrium,vthe foreign firm specializes in the production ‘of

‘
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‘ the log quality good which it exports to 1ow’willingness to pay consumers

who are in a‘minor¢/§”1n the home counory, while the home girm specializes
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in the production of the* high quality good which ic) exports to: high
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willingness to pay consumers who are ‘a- minority in the’ foreign country.._
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‘:*- h3 ‘This<pattern of trade is very much in the spirit of Linder hypothesis
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.. as each country is p)oducing a~1evél of quality in kéeping with its -
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While trade may actually harm lower willingness to pay conSumers'
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who are a majority in the foreign.country, all consumers in each country
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are shown to gain.net benefit from trade in natrower di&tributions where
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competition is reduced These gains are shown to be greater’for all home

L faw " ¢

‘4 A .y e e, ’ L ¥

,\. ! ’@ . N 2 . -te

e gy,



- "’

S

4~

g

1A
Ay

e

;} country c0nsumers than ﬁoreign country consumers over all distributions, ’

L E Chapter»B reexsmines the model of trsde in quality differentiated

. proviaes a very useful comparison between the effects of trnge,modelled
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-goods developed in Chapter 4, under the alternative production technolqu
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that the burden of quality improvement falls on fixed costs such ag=R'& D
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expenditure rather than on marginal costs as assumed to this point. This "id"
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here, and those found by Shaked and Sutton (1984) ':i i~i2." ‘_‘:’s b i
; : . In autarky, the equilibrium 1eve1 of.quality offered to consumers-

by a domestic monopolist is: shown to depend not only on the distribution

; of wiIlingnesses to pay, but also on the total population of conSumers. :. néﬂ. o
Larger populations allow the firm to spread the fixed costs of a quality ;;'}' Y .
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imprOyement over a larger number of consumers which causes quality to
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jpnce trade opens, the tWo monopolists ‘are assumed to compete as - e .
duopolists over . price and quality for consumers in . each country: As with Lo
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Shaked and Sutton (1984), the Bertrand—Nash price competitiOn in ’ '

conjunction with a’ zero marginal cost asshmption results in only ene. of
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the firms surviving for narrower distributions.' Fbr wider distributions,\ j ': "
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‘ a trading equilibrium is reached thOugh some 1ower willingness .to, pay”’.
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In-comparison to autarky, it is clear that for narrower distributions

¥ ‘. -~

} where only orie of the firms survives, trade has the effect of upgrading the

- - .

1eVel of quality produced by the remaining firm which serves,both economies.~ N T

This is identical to the Shaked and Sutton results.'. 7 o 'ﬂ-‘,/ Ai . ;":: ;ﬁ“
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-{__q.*f ff trade has the effect%of upgrading the level of quality they buy fram
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ST the home firm., As the digtribution widens,lhowever, each firm'serves,
W LT roughly the same niiber of -consumers in the trading, equilibrium as it
R did in autarky with the result that no quality upgrading takes place.ﬁ
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.1, . ‘Introduction

.- ' CHAPTER 2
THE BASIC MODEL * =~ IR
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~:~,,The purpose of this chapter 1s simply to set out the 'basic model'

4 - / vy -

of quality differentiated goods production which underlies muth of the

analysis in the chapters that- follow. The model developed here fOllOWSf ’

o closely on Mussa -and - Rosen s (1978) monopoly model of quality differen-'

- Section 3 examines preferences and the optimization behaviour for an':‘f

tiated goods production, The general equilibrium'structure o£ production:;,

is roughly based on Horstmann and Markusen (19843) -

s

Section 2 outlines the technology ‘and’ costs of production.’

.

individual consumer.. Section 4 examines the monopolist ) optimization C

problem and the overall equilibrium that results under the simplifying

, -

assumption that all consumers are identical., Section 5 concludes..;:
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2 Technology and " Production Costs , e ‘("q\ ) fw{g‘ . f.'
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Consider an ecohomy in- which produttion is assumed to take place‘
’,___:‘_ - U . - AN ) t\\
in two - sectors, using a\single factor of production, labour;n Quality

A

differentiated goods are produced by a. monopolist, while all other 5 ;‘;

production is devoted to a composite good in a perfectly competitive

[ A :
. -, -

) sector.‘ a0 ;.‘« St TR .

' < ‘et

e The notion of quality used folfhws from Rosen (1974), dhere goods

“ra

-

Higher quality goods of the same'variety are assumed t01haye proportiohally

PRt

more of each attribute‘ A o

. are: valuedrfor the bundle of underlying characteristics which ‘they" embody.,
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where Xj is the quantity of good 3. produced Lj 18 the variahle Aamount

NS
Al I¥ .
b

o of labour used in the production of .good_j,: G is -£he’ fixed amount of

v, - 2

labour required ‘to produce a quality differentiated good and a(k ) is .

- ' ~ 1

the labour output coefficient indicating the ‘amount of output producad s

T by one unit of labour, where a(k ) >0 for all»ki
S . , R
) "(ki) < 0 ?or convenience, goods are ordered- such that kj j b

~ N

£” [0, ), a' (k ) and R

>

< The composite good is produced such that one unit of labour

. .. ce
.

Fl

- pfoduces40ne unit of'output, simply_qritten as:.:\ -' ”

where LY is. the total amount of labour used in the production of Y

st - s Y

]

A /- :
o Since labourﬁis the only factor of production, it is a srmple -

= ‘y step t% obtain the cost structure frqm the technology outlined above."

- ]

With Y being produced in a perfectly competitive sector, and from (2),

we have° PyY = wLy. Making Y’numeraire, the wage rate in terms of Y

‘, .
‘-

fs"equal\to~one.. By solving for total labour input requiréments, the

D: ne
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where;;c(k;)

vy

= —-——-—1 | ) ' ' . ' 4|. 1" \ ‘
a(k ) _'9 for all kj EEO??)"Q (kj) and ¢ (kj) > 0.

From (3) it is seen that theinumeraire is prodhced with constant

MC = AC 7/{ﬁ$§buality differentiated‘goods are produced with constant

) . X,
-~ B . ) 2. 3 . .:,‘

jburﬁfn of'quality improvement falls on MC, which~is increasing'in .

MC = c(kj) and decreasing AC = c(kj) +—Q—“in output. Noticé that‘the

)

quality. Alternatively, one could model the burden of quality

‘improvement as falling on fixed cdsts, which is the: subJect of -

;Chapter;6,. o 'l'. SRR K _ .

S e e S .
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3o Consumer;Behaviour o

T . s

N . A 4 4 2

N Consumers are assumed~to haye preferences defdned over the

" » . 3

. composite good and.one unit of a quality differentiated good which are

i N

represented by the utllity function', - - S R ’ /::‘ L
', . “,/ ‘ . . ’ " B : . ,-" ~
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U where, Xi 1s a representative consumer i_s consumption of the composite
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good 6. is consumer i s valuation of a unit of quality, and k is,the";.

-~
l %, Ve .

quglitylofvgood J consumed by i. Thus 6 k is consumer i's valuatlon -

17
4 or w1111ngness to pay\for good J&l Consumers may differ only in their
vhluation of a dnit.of Qualityulr‘ra.' . o S ‘ ':
“ All consumers are assumed to have identical 1ncome I composed -

- '\ ‘,- ',‘r \

) of labour 1ncome, ‘and.a’ per capita share of the monopolist,s profit.;
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; where Y is consumer i‘s expenditure on the numeraire, and P

[
ea,

is the

_Ji:-,,,- l j
price paid by 1 for one unit of a quality differentiated good 3«

- “')

Consumer i's problem is to choose the 1evel of quality from the

e e

price and quality combinations available, which maximizes utility (4),

subject to the budget constraint (5) Expenditure on the numeraire is

S

', simply determined as a residual Substituting the budget constraint

into the utility function, and eliminating the numeraire dllows

= v
P i

. consumer 1'8 problem to be written as:

e
—— . o - 9

SO MU= Lok~ Rl L T .

i
R
(Rt

Defining Zi(P ) = [e’k - P ] as the net benefit derived by 4 from

—

consuming good J at price Pj’ then consumer i s problem may be simply ‘
Ty Y

viewed as choosxng the level of quality which provides the largest net

1]

i et .
AP e

- benefit to be had from consuming a quality differentiated good%A Should

. .
LA

'-; r

~no quality providé consumer i with non—negative net benefit he would

‘

simply spend all of his income on the numeraire. )

Consumer i 8 problem is represented diagrammatically in Figure 2. l

I e

N Consumers valuations of quality Bk and prices P are drawn in the

‘m"‘

h negatiVe diregtion, which allows net benefit Z(P), to be represented in

i

the positive direction. Qualify is measured along the' horizontal axis.
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The ray eik represents tonsumer i 8 valuation, or willingness to pay

. e

for quality, over all qualities. Notice that the ray ] k also serves

RN
4

as an, upper bound on. prices, as consumer i will consider only those
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Py ..u, - ,.( -
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qualities whose,price does nof exceed 9 k Thus if offered a single.
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“f‘g“ﬁf ; e level of\quality, say k 17 consumer i will buy S0, long as - )
t ;r L ‘ .' L . . - v ‘ Gy~
N Z':" Z (Pl) '8k l ;Pi 3 0 which is the case at point Al in Figure 2. l b
. e ﬁ':~;ﬁ ' When choosing between two or- more levels of quality, consumer 1. will o

R R be indifferent betw i any pair of qualities\ say k and k2 if l ‘f:'

Z (PI) = Z (PZ)’ w’ ch is the case at points Al and A in Figure 2 1.

- . 2
:fL”:fﬁﬂ%fﬁ :'?ﬂ Market demand for any particular level of quality.will depend
o :’::i i:-{f"ﬁ;on the variety of price and quality combinations available and on thei
i:::’{i“qht distribution of willingnesses to pay for quality 5'__. -'.f 1
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ltr,]’"L,iz?bl‘ffﬁf; For expositional simplicity, it is assumed that :Le-economy is " T

s

. { .'{,Ef; populated by M cOnSumers with 1dentical preferences for quality.. ,'
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.z-};i this very simple ome’ consumer—type model market demand iSvgiven by L
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‘i‘ where~the constraint requires that consumers must rec

s

eive non—negativen

.

net benefit to buy The optimal pricing rule is simply to‘set P 6k,-

extracting.all.consumers‘_net’benefit. In térms of Figure‘2.2, the

. “ X y

-

monopolist sets ‘price along the‘willingness to- pay ray, -Bk.

Substitutlng the'pricing rule into (7), the second part of the

e - N 'ﬂ.
.\

firm s problem is written\as. o

, Mk) [ek-—c(k)]M-G
koL

' -~ : ' . . . -.i

“‘leneleflquality.k JUSt equates the,

additional unite of quality‘with the cost

xfof-produding~it. This equilibrium~prfCe and quality combinatiOn is—

. .- v

’ shdwn at point A in Figure 2 2 \For convenience, the cost function'_

3 LN .
B .

‘is drawn such that c(k) 0 at k'— 0. Notice also( that k maximizes "

- ’

N . «

the.net Social benefit to be,had from producing a, quality differentiated

\ , ‘ Ve N

good defined as the difﬁerence between consumers willingness/t pay

-
e, .

-ray ek and the margina cost schedule. L *;§ a "'7

1 A } - AR >
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Differentiatin (9) w.r.t. k yields the second order condition Vn

' Sk sk o
For,the monopolist'to offer k at price'P:'éfek the'npn— .

.
.2 . . ‘ .

v B
n,)

negative profitvcondition must be satisfied which is given by /,

o T e ,.__‘_(//
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Tbus if 8 and M are sufficiently large relative to c( ) and

- o
Ead .. M

- v

' G such that (10) holds, then an overall autarky equilibrium exists

in‘which M units of the quality differentiated good k are traded at

s,

price P“ =;ek . Notice that in this very simple one consumer tyge
R © 1 X i

model, the monopolist is able to extract all consumets' net benefit,'

- S R . \ -

leaying them just indifferent between consuming k and the numeraire.
“ ‘. t

While the role of Ghe numeraire has not been made explicit,"it

serves the important functioﬁ ef _tying up the general equilibrium
‘o £

‘/xaspects of the model by,absorbing<any incOme effects that result’from

wchanges in the monopolist 8 profits, without feeding hack into the

W

i

quality differentiatedegoods equilibrium P L o

ar

"5, Summary and:Conclusions \\\1 -

- 2

This chapter deveiops the 'basic modell of quality differentiated

;- . 'x »

goods production which underlies much of the analysis in the chapters
" that follow. Rresenting the basic model at this early stage will

i « e S 2o e

hopefully help the exposition, and avoid needless repetition in
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1. 'Introduction O ‘ S S ﬁ;: -
. E This chapter;focuses On the role.of demand differences'in - 6
1 L A ‘ B v A .J -
e ~determining3the vaniety of qualities produced by d domesticomonopolist
LR e by(introducing1a,sec0nd consumer type intojghehbasic model of Chapter 2. . -
fl‘_’ i Y- ‘\ =
tii ’ i It 15 shown for both price. discriminating and non price discriminating , R
AT, . CoR N . : N - ‘ ” .-
- ) monopolista, that the nnpber and level of qualities produced will depend L F3Q1
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o . ,dﬂ, S . 2 B o L M LA coo L
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' s 'ﬁi”“ ' If one thinks of the two consumer types anresiding in,distinct sk J{U]
DU regions of an economy, the nd prieeﬁdiscrimination equilibria could be i':fr‘,’f
ST s R T

Sy e viedéd as the result oﬁ"allowing arbitrage or--free trade between the two ‘.:1513

'f.iié‘ d‘ f: Cigroups.. Comparingwthe two equilibrium configurations shoWs that while :;’:5,,;
a:lwi :; :g : freeing trade tends to reduce either the number of qualities produced 1', . ’
‘ ”‘1“n£{”:7idor the average level of’ quality produced high willingness to pay ‘ ~,.?G:~'f{”?':‘
B L o consumers'are shown'to gain, but only.in the presence of ‘a significantl:i}‘*i;r
; B ?"l‘population of l0w willingness to pay consumers who wartant being served -;,;m )
- - j o -The rhapter is organized as follvns. Section 2 briefly review3rf ‘ SN
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",' s ' the basic model of quality differentiated goods production developed

., ) ] - . ! Ne
St in Chapter 2 Section 3 examines the. various autarky equilibria/that L
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o can result as a function of the underlying parameters, under the o e R
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are- compared to examine the effects of freeing urade between the two
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folldws with some . cOncluding remarks.~ v )
Finally, the simple two consumer—type model of quality differentiated

\t,,,

-1

goods production deVeloped in this chapter, provides a very flexible

R
B S t . bR | ¢ .

AN ’ N N N . _',, oL, +

- important trade issues.- : ‘,.\ o - L

. - \

9 ..

. . The appendix to this chapter begins to address some of these issues

' framework to explore the effects of demand differences, on a variety of

2

5
. - P

by examining~the consequences of opening*trade between two such economies.‘

i\ . .
o It s shown, however, that for a trading equilibrium to - exist tn’ this

- 9
. R . o

simple two-consumer type model, some rather restrictive assumptions“

{ about firm’ behaviour are required.
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2, The Basic Model

N Consider an economy in which production is carried out in tWO
Quality differen—

o R -

’ J";: l,sectors using a single factor of production, labour.
tiated goods are produced by a monopolist with decreasing ?C in output

¢ 3

iXed.costs ‘and constant MC), and increasing MC in quality, given

3

"

- .
. L R

e ordered such that kJ > j -1 and c(kj) is the marginal

OQ A

R - and fo& conveni ?ie, c(kj) - 0 at kj ;ﬂO,. G'is the.figedﬂcost‘required~to

B

'consumer types as ‘a funétion of the underlying parameters"

. .
-, . A :
g K »

o -
e

\Xj with c(kj) > 0 for all. kJ € [O,m),‘c (k ) and c"(k ) >0,
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ili i All otgér production is devoted to a.conpoeite good Y in aA" ¥ ﬂm ?
perfectly competitive $ecton; which ie numeraire.;; ) ) . “ _7T o E ;
W.“‘; The ECOHOﬂY-iB deulated'byhtwo types of consumerq, ‘t.“:‘ T
consumergiwith high willinéness ta- pay for qualit; and Ml cOnsumera T
with 1ower willingness to pay for qualit; All, conSumers are assumed oy
to_have. identical income composed oi labour income;’and a per capita i
ahate of the mondpolist 8 profite, which the; mnat allocate betweeni-nzé 2
expenditure on the numeraire, and on,one unit oi ; quality differentiated . g
good Consumera choose the 1eve1 of quality which provides'thé largest a ’
-y . o , N TR « Oy -
net benefit to be had from consuming a quality differentiated gobd )
1ea;ing their expenditure on’the numerairefto he.determined as a ’T .
= W i “ . . -
residual. Net benefit is defined as the differehce betﬁeen a consuher 8 fg
willingnesa to pay for a quality differentiated good and\its price |
. N Y o
vihich {5 written as: “ IS SR R R e s
, O A C 3 " h
2). 2,2 = ei-kj-'-Pjt 1512 T R B
- N I SR Co Sy '
where.éi i;.; repreaentative.consumet i:s.valuation of . a undt of quality,..l‘;*
hence e kJ is conaumer'i;s valuation, or/willingness to pay for good j,'«d: \‘;‘
.and‘Pj,is the pricezof{gogd 3. Should no quality pxopide conaumer i:with ,
non-negative net. benefit, he oould sinply spend ‘all offhis income on’ 'ﬁ\f’ ;iA‘
‘53; ' :Price ﬁiscrimigation'quifihriaji:' . LT ;f'.'211 v
Having described conaumer beh;Lioué and the costs of prbduction,J )
the monopolist 8. problem is now to choose the profit maximizin; ptice
"f/and quaiity combinations'to offer conaumera under the assumptiOn that‘* h¥;;di .
W ",_.' 3 !
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he can price discriminate between the two groups. Depending on the

LN

level of fixed ceosats,. the. number of consumers in each group, and on 'f

their respective preferences for quality, four® possible equilibrium ’
‘configurations may result, which are' (1)-both high and low willingness f
to pay consumers are offered distinct.levels'of quality, (2) both high |
and 1ow willingness to pay consumers are offered a single intermediate
level of quality, (3) high willingness to,. pay consumers receive.a high Q~'
quality good while low'willingness ‘to pay consumers are not served, and -

(4) no quality differentiated good is produced. Fixed costs are ;‘

- .

assumed never to be 8o high, that the last uninteresting possibility .

ﬁoccurs.. It is also worth noting, that even if fixed costs were zero,

- ER N »
x /, =

it would ‘never pay for the" monopolist to offer a third'level of quality

o
> A7

,in this simple two consumer—type_model.k-{" T i A “f

The analysis proceeds by examining each of the three equilibrium '

rconfiguratibné and eomparing their profitability to determine the

»

parameter values under which each dominatesq A " '\,;.'

PR L ey,
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The monopolist 8 price and quality selection problem is. modelled _
R ' - .y T

. as'a~two~stage game.‘ In the first stage, optimal pricing rules are 'ﬂwf

EX]

‘derived for.a- given level(s) of Quality Since the’monopolist can price

< t

'discriminate between the two groups, prices are set to extract all of

' the net benefit consumera derive from whatever quality they consume. s

I

,4:Using (2), the optimal pricing rules for good j are simply written as"r

bo
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These pricing rules are then.used~in the secoad stage to re—solve the
monopolist 8 problem for the optimal level(s) of quality., ._f«f

= Using the cost. function (l) and the pricing rules (3), the second

part of the monopolist 8. problem when producing two distinct levels of ’

quality is given by. f;,‘f ' i:ff\ : A' L ”.,-' "’ .

. ‘l“’l‘ i v"‘, "'.", o~ \‘ ) ' o -
4) 7 Max H(kl k) = [elk{ ~el VIMGE [0k, = clky)In, - 26,
kl,k' : . : L oot SN .

_— v - ‘ .g ) "

P

o an additional unit of quality wit’h the marginal cost of pr‘oducing it. L

4

where k and k just equates the value the two consumer types place on

ek k P TR * o T
©6) it Mky ko) = [01k ~ie(ky ) IM o+ {8, kS (k)M - 26,

“quality. USing the cosx fnnation (l), and‘the pricing rulea (3) "* -
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: Diffarentiating (é)4w.r.t:«ki‘£nd ké gives. the ‘first order conditions: :
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The equilibrium price and quality combinations offered to low and high .

v =

wfllingness to pay coneumers are shown at points A

G ’ B l 2- -
o respectively., Notice that k and k maximize the net sooial benefit to
be had from nroducing quality differentiated goods, defined as the o ;, E
- .
difference betWeen consumers willingnéss to pay ray, and the marginal
! The profit from offering k1 and kzvat prices P1 ‘ 9ik;fand .
T;P;‘f 8; k2 resnectively, ieféiven by.,, i:;f;l f,;':”"-‘:iit“f\":”,
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;; Now consider the profitability of»producing a’ single 1é)w1 of s

and A in Figuré 3 l
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,'JDifferentiating;(75'n.rit;1k gives the'first order condition:

-

8.

. . *(\" * ok 'f.dh'f*' . ok "_>. .
9). MGk )= [0k - c(k )M + {8,k ~c()M, -6

9 ) ’\ 2 8
the second part éf'the_monopolist's problem is given by: T
. ) Y ‘." . E . "‘.‘ - ) . ’ » - - . . ,:‘.:
- 7) M;x M) = [0k —-cCI Py + [0,k - e(R)IM, - G 3

1]

-8) | [8; - ' (KM, +- (e, - e M, =D,

- - ro . e D v S
.
Vot
T ' " A
, . - ]

7‘The profit maximizing level of quality k is simply a weighted PN

2.

average of the qualities kl andak2 that would have been offered to

“each group separately:_ Totally differentiating (8) reveals that

dk dk ?'QE— > 0, hile .QE—><<0 which are all rather intuvitive
del de dM2 T dMl,

§

~f‘esults. The equilibrium price and quality cpmbinations offered to

£

low and high willingness to pay consumers are shown at points Bl and B2

" in Figure 3 1 respectively ' "j ‘ : - s

AN

Thefr,;fit from offering k* to low willingness to pay gconsumers

;

v at price B = Blk and to high willingness to pay consumers at price o

R

" X
L Poo= 6 k is given by L . . o

o~ . R
e, i
N P -

N,

From (9), it‘is easy ‘to" see that if [6 k - c(k )]< O which

.\\\

is the case at¢points d’ ‘and C in Figure 3 l the” monopolist would

,’,

2

clearly increase profits by excluding low willingness to ‘pay consumers.'

~,
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' This gives rise to the tnirdhequrlibriup'configuration in:whicn high

. - ' - . \ ' . el ‘. . %
willingness to pay consumers:are offered the high quality good kzlat

- K * L
price P2 = 82k2 which gives profits: .- . ¢

l. Uk* — - k*‘ : AK*' .‘ . ‘ ." . .
o)“n,ﬂ< o) = [0k, =Te( 2)JM2 =-G. R

] . . . N o, P - —

e ‘ . . ’

The equilibrium price and quality combination is shown at point A, in.

Figure 3.1 - ; S ' T, Ce .
Subtracting,(lO) from (9), re%eals that when producing a single

level of quality, it is more: profitable to dffer an intermediate level

P

of quality k “~to both high and low wiilinéness to pay consumers than to,

offer k to high willingness to pay consumers alone iff‘

T 5 - “
s

X * . * . ) . r A ~ ) - e X . >
1), Mk - Bk = . - — . L

1
.r'?:;'_)

For (11) to hold the net socialxbenefit from offering k to Tow . -

I “

willingness to pay consumers must be spfficiently large‘to compensate

7, - - - «

,nA{or the reduction in net socdal benefit obtained from high Willingness

-

to pay consumers. Thus a necessary condition'for (ll) to, hold is that

K
[elk, - c(k*)] > 0. A sufficient condition for (11) to Hold is that®

viomol T,

w

. * . -
61 > 61, where-el is iMplicitly defined by [9 = c(k )]

_intuition here is that if it‘pays to offer 1ow willingness to" pay

fconsumers Ehé high quality good, profits must further be increased by

!

offering both group% an intermediate level of quality.

./'

* Tk * Lok ok * ' .
[0,k = c(k 3IMy ¢ {[8k, = (k)] = [B,k~ ~.c(k )N, >0 .

0. The - -°
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in Figure 3 2. Setting H(k D) - H(k ) = 0, an indifference locus “is
. . ; de
”constructed in (61 Ml)-space, with slope‘aﬁ— < O Points above the
b . - - . l - ) ):} - N
indifference locus represents (6 ) combinations for which”éffering

-

and the smaller is 6 and Mz These effects are conveniently summarized

k to both consumer types dominate, while points below represent (e 1)

combinations for which offering k to high willingness to pay consumers

alone dominates.A Increases in MZ and eé\cause the indifference locus to
. A Q

shift out with ) having the added effect of shifting 6 up as well,

2"
thice that,changes in G have no effect.

1

-

The profitability of producing either an intermediate level of

quality for both consumer types, or: a high quality good for high N

willingness to pay cbnsumers alone, must now be compared—with the

;-profitability of producing two distinct levels of quality.

N - ane® .‘-4 - /
N Should (11) hold then subtracting (9) from (6) reveals thAt

offering eonsumers two distinct levels of quality dominates*an intermediate - o

levei of quality iff-"l-_ A e | t s

ﬂ12) n?k'

H(k )

- -

2) C
C {{elkl - c(kl)] = felk* -'e c(k )]}M E -

{[e 5 c(k )] = [e 3 i c(k )l}M - c 5 o._'

e - P

'ZFor (12) to hold the gain in net social benefit from offering consumers .

f,\

fdistinct levels of quality over an intermediate level of quality, must

.

> be sufficiently 1arge to cover the final cost of producing an additional RN

":'ffunit of Quality._,"
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) repressuted!in (6

RN

Lo~

and the larger is 92, gi_and Mz. ‘ )

.‘l.

-

R

>

.“causes the net’social benefit to increase more for k

0

« =
+ i

The direct effect of increasing
. Q

‘e <

2 s

than kl’ ‘as

o, .,/‘ e

™

>‘ % - »

T

) space bY CQHSEYUCting~the.indifference loqus“v .

-

Q with slope

- - *
which%satisfies H(kl

ke
o

in Figure 3. 3.

H(kl kz) —~H(k )

-~

in dashed 1ines. mPoints—above the indiffereﬁceqlocus indicate (6

L}

ﬂcombinations for which offering k to both consumer types dominates,_'n-

= .0 locus is not releVant, and has thenefore been drawm

A
kz),h{ngg-)

3 ~

Jz

Ee

X

By

Notice that below the-H(k )=

“a
~

A

J

(

dei
.> 0, ﬁhish igw shown
‘L

e

)

t';

o

Condition (12) is more likely to ﬁpldr\the smaller is 6 and G

6

1. .

cUrs Tlar

*. - w
"k 3-k ﬁhich makes (12) 1ess likely to hold.- The effects maywalso be

ot

-
7~

>
2y

0 1ocus, the

7-!

e

)
B -

13‘1)

) combinations for whichroffering

vwhile points below represent (6

consumers two dis

2, and reducing G cause the iadifference locus to shift/up-making it _more.

tinct levels of quality dominates. Increasi;{g~¢

R <
-7 _,_. _

-fi;ct leVels of quality will he off

efed‘

&

likely,that two-di

e
<o

-

Should

'1) fail

’.
.

2 and

ot
-

o

43

R

theu~subtracting (lO) from (6) reveals tﬁat.it

Y

/.‘.-

s

e’

to pay consumers will not be served

i."

C0ndition (13) is*more likely to. hold .the. larger ié

e

. -and the smaller 1s c while ez‘and M2

’z

< ee -
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e“-

o] = v
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o
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-G > 0.
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Condition (13) simply states that inless- the low quaLity good is

profitable on its own,,it will not be produced;“and Iow willingness

have fio. efﬁect.u All p, t ese
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’ While the, monopolist s ability to price disCriminate betweeq the two‘

effects are-summarized in {6

.d8 -
1ocus H(k ) H(k ) 0 with‘slope dﬁl <0, as shown in Figure 3‘4
l ) "'4\ )

Points abOVe the*locus indicate (é ) combinations for which offering e

: ~
[ - Ly -

consumers two distinct 1evels of quality dominates, wﬁile pointvaelow

) P ) d b ’ - . \

) combinationSffor'which offering kz

to high~willingness‘
to pay consumers alone dominates. Increasing G- £auses the ‘locus’ to shift

v v
. s 7

*represeﬁt (9

]

.
P "~ N~ AR . ) . R

up making k more likely to dominate alone. Notice that above the s . f,'l

- P
T

2) H(k ) Q locus is"not relevant

,
&l LS

~. Vi

H(k ) - H(k ) =0 locus,‘the H(k

. and is- therefore drawn w1th'a dashed 1ine. \Also notice that below the

- 1

= (16" )—,--:;-

AN

H(k c H(k*) 0 locus, and aboye the H(k

s

1ocus, offering two distinct Iévels of quality dominates, and hence-the

v . - AR )

H(k ) - H(k )_ 0 locus is not relevant and 1s therefore drawn with a

o~

- . N ’}‘

dashed 1ine.’ Should any of the two indifference loci intersectx v

at point A in Figure 3. 4, the third must dlso by transitivity. .? , a N

e ety
o ? RS v

Thus, Figure 3 4 provides ‘a complete description of the possible

" ’ 1 - -
Y l. 3

equilibria that may result as-a function of the underlying parameter8, nJ;}

. “

in an econ@my wheré a domestic mondpolist can price discriminate between .

-
] <‘_ - “

two consumer tYpeS'With different willingnesses to. pay*for qualityn G ",

(\
< 4 . ‘. K ‘,._ s N

Ne—
‘groups leaves the welfare implications rather uninteresting, the effects-..

- R . -

St "\.~ W <

of taste and population differences between\the two " groUps do lead to

Y

some usefuliineights. . - jﬁ%ﬂ'~,.'4m

Lo~ : "2

. - ”z s - Yo
‘ Nocice first from Figure 3 4, that if the popuiation of Ibw AT

. m.k o v

williﬁgness to pay cohsumers is,small, it *8 more likely that both

S TN ” N
« o

- groups: will be offered ‘an intermediate level of qualitx the clOser are* ;

) space by conétfucting the indifference,"_

!
d

KON

o
V)




. may~not¢be-serwed The larger the population of low willingness to pay _. o

o consumers is, the more likely it is that two distinct levels of quality : R

.

will be offered, Thus, immigration or'growth in the population of low

. willingness to pay consumers (not balanced by growth of ‘high Willingness

to pay consumers) results in increased variety, ag fixed costs are

- L

- overcome. ' ‘ - . .o . N
.'"»‘:‘, . - _— »“ ~ . )' Lo R P

.« The effect of increasing Mziasrshown;in’?igure 3.5, tends to

.

) Tl VR * © . ) * % *
shift both the k) - H(k') = 0 locus, and the H(k k )=k ) =

* ' .
locus up along the H(k ) H(k Y =0 locus, intersecting at point “AY, . »

which makes it more likely that either k2,or k1 and\k//will be produced ' -

{ at the expenSe of the intermediate level of quality.' Thus as the

L4

P p0pulation of high willingness ‘to pay consumers grqws, the low willingness Ty
’;.,- : |\.w. g e

to payeconsumers are. served only if the 1ow quality good is profitable on
its. own.,‘: o 3 ' - ) h cooe

- e

Finally, the effect of balanced growth in.Ml and Mz qs shown in B

n s . -

lFigure 3. 6 :Increasing M ‘and . M in proportion is- analytically

o1 .
“. \ b . ,‘. ;o C ..'l..
equivalent to"reducing G hy the same proportion, which shifts both ,“5}'f o .

kS

\ the H(k ) - H(kf)-w 0 1ocus, and the n(k H(k y=0 locus,Up o

¥

along the H(kxl - H(k ) = 0 locus, intersecting at point A“ Balanced E ) v

".JJ thereby increas;slyarié\s_ . A .f. i : P f:'-” -
ST ‘:f/}f:j_;'.g,,, Lt S - \

No ?ricfe Discrimination Equilihria. T ' . '

ARG o .

;\ Y' The monophlist must now choose the profit maximizing price and 5

l - + , ,q‘- —

quality combinations to offer. consumers, under the assumption that. he . : g e

dan no longer price discriminate between As.before,

the‘two groups.
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four possible equilibrium configurations may reault, depending ‘on’ the L ?F:'

. level of fixed costs, the number of consumers in each group, and on ¥ 4~‘:jﬂ,
i B J " . 1 ) : . o S AP
\(B - their respective preferences for quality, which are, (1) two distinct U

v . 7 T BV s i - ‘
, .“levels of quality are produced with high willingneSS to’ pay consumers-4: CoT
ﬁ\':} if?teceiving a high quality good and\low willingness to“pay consumers a

""""

A receivihg a reduced level of quality, (2) both high and low willingness .ffi ‘H‘}:-

. _»»r' \ ’) <y 2 ¢
T vto pay consumers receive a low\quality good,l(3) high willingness.to payl
. oo “ L. o~ - \' ;
S "consumers receive,a high quality gdod alone, and (4) no: quality differen*
. _\' :t _"- e o \ e . . Iy S

Sl v tiated good iS\produeed,nwhich is assumed not ‘to- occur. Q . ﬂm _" .

'r.

Y

O

3
rr,"

§ .

f,- jﬁ' The analysis«ptoCeeds’by deriving each of the three equilibrium.

-dbnfigurations add then comparing their profitability, to determine the

)

4

N
- ! N
.

pricé discriminate between the two groups.

o,
,

Yy

i

e
parameter values under which each dominates. -

~

.

1

\

°

)

CRAY

The nature of‘the firm g

'H

-

--pricing problem is now complicated by the fact that he can no 1onger

-

1

e

3

1,

gl

. When producing two distinct levels of quality, the monopoiist s\ .

DY

prie ing problem 1is’ most clearly illustrated in terms of a diagram, TR R

N f
. ‘ : ooty ! o
. o b L

CUa -~ I

- ‘ \

shown in Figure 3. 7

P

i} “

given qualities k

i

N

and k

2,

-

-; of quality which provides the largest non-negative net benefit, for'

Recalling that consumers will choose the. level

‘ the monopolist must reduce the price of the

e <beginning at the price discrdmination equilibrium points A1 and A2, N ?;

3 ;o A
S .-: high quality|good to point D2 Uo prevent the high willingness to'pay = . T

~e 0 LN

'consumers'from jumping to the\low quality good.

) Notice that low willingness f

.
. - o e P .
= r, ’

T to pay consﬂmers will never jump to the high quality good ‘as they consider

N

- e b, . \

only those qualities whose price falls b or' below . their willingness to

v B -

Ay

“

}ﬁ '; \pay ray 6 krl Thus when producing two distinCt levels of quality, the ”%V

."‘\" N

,;h\hh optimal pricing rules are.sﬁuf ‘; S ' o B r: . o

PR G
- o - . .
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P [

"where (6 - 6’)k is the net Benefit high’willingness tolpay consumers‘

l

,‘would derivevfrom consuming the low quality good.

Using these pricing rules, and the cost function (1), the* second

kN

tvpart of the’ monopolist 8 problem when producing two distinct levels of
: . _ ®
~quality is. _ ‘
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‘Differentiating (15)<w}r.t,’kipandrk2 gives the fitst order, coriditions:
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”From (16b), it is easy to see that the level of quality offered to h£§h~

'willingness to pay consumers k is unchanged from when the monopolistf

2,
A:;was able to price discriminate. From (l6a) however, the level of

quality offered to low willingness to pay consumers kl’ is reduced

‘below the level of quality they were offered when he’ was able to price"
v ¢ ol

'discriminate. The intuitipn here is’ that by reducing the level of

5“'quality offered to'low willingness to pay-consumers, the monopoliat'is

A3

:‘able to increase the price of k and thereby capture back some of the

2.
. net benefit lost to. high willingness to pay consumers.
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-The monopolist may well reduce kl to zera depending on the -

4 >

*,'underlying parameters, From (IGaL, a k1‘= 0 locus can be constructed
;ﬁ in-(ei‘Ml),space which.is~shownﬂinq?igure-S.B. Below the k = O‘lpcusﬁ
k; 1s not well defined;_ For-(e )‘combinations falling above bhéﬁk*m?

-locus, the equilibrium price and - quality combinations offered to low and cre

\

high willingness to pay consumers are shOwn at points E1 and Ezin Figure 3 7

' respectively o _,: o o ) o ;A
. ;_. PV - R % . - . ) E n s
" The profit from producing kl and k,'is given by: . . . - v
2 . S o ST TUTL . , oL
17) ,‘;n(kl_‘kz)‘-T [9¥f‘ - c( )]M + [6 "(QZV-el)kl - c(k )]M 2G. R Jﬁ
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Whep producing a single levei of quality, the monopolist s price

)
“nt 'rand quality selection problem ismactually simplified by the fact that he
;,> ‘can no longer price discriminate between the two groups, and ‘must there~‘
7 . ; ',7:'{;. fore charge,a single price. o ?H.? g--; ) o jz - 71,' o “f
’ * oy valow willingness to pay consumers are to be served, price must
) ‘~ | ‘be constrained to fall along their willingness to pa>\£ay elk, shown in -
ﬂ,; Figure 3 7.‘ Thus, quality is chosen as though all consumers were low ; .
,é”,41 ‘“?T:_- willingness to pay consumers, which results in k being optimal.» The i,d ’
N ; equilibrium is shown Aat point A in Figure 3. 7 Notice that in equilibrium,’ b
high willingness to pay consumers derive net benefit. Z'(B‘ ) = [6 2* 1]k2;f1'io
The profit from offering kl to both high and 1ow willingness to pay .
T ;:_ o consumers at price Pl = 6 k is given by.v~_“www'f7;;;%?ihﬁﬁuédfi‘*; ' 1'3" -
L ) - s -&.ﬁ‘nsﬂxf‘ L S T
P Alternatively, the monopblist could exclude low willingness ‘to. S ‘
I pay consumers, and offer’high willingnessvto p;;‘consuners k at price o .
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Subtracting (19) from (18), reveals ‘that_ when producing a single - -

x
-

level of quality it is more profitable to offer k to, both high and low

Y ~

1
: -
willingness to pay consumers “than to’offer k ‘to high willingness to oo

-~

pay consumers alone 1iff: - » . - ~ oo~ T
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For (20) to hold the net soclal benefit obtained on low willingness to

P T,

~ pay ‘consumers must’ be, sufficiently large to compensate for the ceduction . B

4]

. in net\social benefit extracted from high willingness to pay consumers

by offering them the Low quality good

”
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Condition ‘(20) is more likely to hold the 1arger is 61 and'Ml,

and the smaller ‘is 62 and M2 h As before, these effects are convenientiy
summarized by constructing the indifference locus H(k ) H(k ) =0, in -
Cad de E

(9 Ml) space with slope dﬁl < 0, .as shown in Figure 3 9, Points above E N
N 1 Y -
nthe indifference locus represents (6 Ml) combinations for which offering -

/ N f!m.n
kl to*both high and low willingness to pay consumers dominates, while :

points below indicate (9 ) combinations for which offering kZ to high
willingness to payfconsumers alone dominates. Increases in 92 and M2

" both’ cause the indifference locus to shift out, while changing G has‘

H e
i * s

I . . . .. . <Lt /..‘
no_effect., o " oo R . S s e

. or
¥ " el ‘ ' . : B '*




©
Y
N

R

Ry
-
]
/

-

R ,
A
N
.
,
\
N
Is
-
4
%
. .
- ~
" ¢
..
’
.
o
- r
f.
"
o
L
v
IS
. 3,
a
~ .
N 2
s A
- o
N
Sy
Vi - .
. 3 et
s
N
I
2
°
.
of,
.
«
.
. .
s [

91 " : ) - ey . , . :.
Mk®-Tk,®=0 L
M.
CR ' ’
(M -TT (k)50
- .‘ . N
K -
. TR -TTH kA = 0
\ Koo
d 0 N\ o K
| k1"=o;r\ S k1 k2
. i > M1 L
. . 3
" . FIGURE 310 "




\ - ) or k for- high wi ingness to: pay consumers alone, can now be compared

to the profitability of producing two distinct-levels of quality,
If (20) holds, subtracting (18) from (17) reveals that offering' -

two distinqt levels of quality dominates offering bothiconsumer types

. . " the low quality~good iff:

> s ~ A
2 . . . s o~ .o . ~

. ‘ 1 * * [ i ~ ' . ’ ’ ' -~ :‘.- ’ \y
21) Mk, k) - (k) = . | S L
106,k = (8, = 00k, = e(ky)] = [0,k = (k)M ,
C L = Uek - DT - [0k < elk)IM - G > 0.

Thus, if thejgain in net-benefit fron offering high wiilingness to pay
) P < § R .
consumers k2 at price P2 =8 k —’(62‘- 0 )k over offering them k as

-~ though they ‘were low willingness to pay consumers, exceeds the loss in

net. benefit from reducing the level of quality offered to low willingness

to pay conSumers and the fixed COSt of produciﬁg an additional level of
quality, then the two. distinct levels of quality will be produced

< Condition.(Zl) is more likely to hold the 1arger is 62 and M2

17 Ml and G. These effects are summarized in (8 M)

. . . space by - construcring the :indifference locus H(kl kz) H(k ) = 0 with

i - slope ;;I < 0, asg shown in Figure 3. 10 ‘Notice- that while the H(k k. )
H(k ) =0 1ocus is not well defined below the ki =0 locus, that section

M . falls below the H(k } H(k ) 0 locus and ig. therefore not relevant to

Iy

>

and the smaller is 6

-

the analysis Points above the indifference‘locus represent (9 M )
X
combinations for which offering both high and low willingness to pay
e i . A

o ;

o >
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(3

consumers: k dominates, while points below indicate (o ) combinations

1 pR 1

;1;_for which offering the two distinct levels of quality ki and k dominates.

i 2 "
Increasing‘e2 and MZ’ and xeducing G, cause the indifference lqcus to '
shift :up such that the two distinct 1evels of quality are more. likely
. » -

’

to be produced. ) ' ’ L R o

~

Should (20) faii, theh subtracting (19) From 7 reveals that’
- 7 1

\ -
o

offering two distinct levels of quality is more profitable than offering

A ~ .

. f;therhigh quality good to high willingness to pay consumers alone iff. }~" ‘

-~

' 22v Tk, k) - M(k') = C : | o o -
) (l 2 .'-.-‘ 2 =~ R \ik) B . :.,- . SRS
« [0,k 1 - c(k DM, = (6, - 00k M, <G > 0. X

+
s - . - 4
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For k; to be produced, -the net social benefit obtained on low willingness

to pay consumers must.be sufficiently large tO'compensatedfof the reduction

- 4 B ‘/'
- in net benefit extracted from high willingness to pay consumers ‘in -

-

addition to -the fixed cost of producing a second.level of quality. o

EX

3 Condition (22) is more’ likely to hold, . thelarger is @, and M

1

and the smaller is 92, M2 and G These - effects are summarized in

!

1

[4

Figure 3.11 in (9 ) space by aonstructing the indifference 1odus

Tk, k) H(k ) = O also with slope ;;I < 0. Points above this ’ ’
indifference locus represent (6 ) combinations for‘uhich offering

the two distinct levels of quality dominates, while points below , -

represent (8' ) combinations for: which offering k to high willingness

- - -

to pay consumers alone dominates; Increases in 62, 2i

H

the indifference locus out, making it more likely thatlproducing k

s

tand G all shift

2,

’ ’

alone will dominate.
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" the H(k ) I[(k ) =.0 locus, and above the H(k ) n(k y.=-0 }.o‘cus,_ LT

53.;14;;. Notice first from.Figure 3. ll that if the population oﬁ’ldw 5?'

'133 consuming quality differentiated goods and the numerairé, the welfare

. N - ’ﬂ _A" ". N . . , N * \ ,1. . “_: - ",\- "4_’_ j‘_< ° ._.—'..’_'V
: In Figure 3. ll, notice that the H(k kz H(k )“ Q- 10cus'is not 'l;h“A
¥ relevant above the ﬂ(k ) - H(k ) = 0 locus, and’ s, therefore drawn wiﬁh ‘r;T? *

- z\ ‘e . f " ' b e

?'»: dashed lines.: It, is also important tq note that the H(k ) H(k ) "'“'jii

lacus muet he bounded away from the kl -0 locus for G > 0. ,Thus, iﬁ the.f;:i' N

) R . - . \ - - -f‘e.--' . : §_‘ [N W
three indifference loci intersect,“it must occur above the k = 0 lohus at -f"?ﬂ

, -

'"~’a point like F in Figure 3 11. In the region to S E of point E, below ; > {‘i

2N - . .

. B

.,producing ‘two’ distinct levels of quality dominates and hence'thef- IRERE 7.1“3f;:"

K i . e P

H(k ) H(k ) = 0 locus is not-relevant and is drawn with dashed 1ines. f;'i;~ .

.. e -
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Ihus Figure 3 ll prbvides a c0mp1ete description of the pOSSible e .

- °
“ ~ x ~ .

J.Jequilibria that may result as a function of the unde;lying parameters wa e »{ﬁ

“in an’ economy where a, domestic monopolist cannot price discriminate Ve A

L . o, -5, B PR
(. <« « . s ~ - s .

between two conSumer types with different willingnesses to pay for quality.

.- - R B Y _r' £ LY e

N - L KoL cen e ‘p P

willingness to pay cOnsumers is small it is»more-likely that‘both A A

< . \ P - A « roD

'consumer types will be offered the low quality good the more simila:

. .,:
- B - STy

areutheir preferendbs for'quality,iotherwise lowlwillingness to pay~t/ 2/’".55'
: Ly Y v . IR

consumers may not be served . The larger»therpqpulation'of,low willingness ﬁu»'a

,,a_ . -;.

‘to pay consumers is,_the more likely it is that they will be’ serVed ERERA LS

' 5 L ':_ T -
. .

first a redubed le6e1 of quality, then as - Ml gets big, theulow quality nrro Rt
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While low willingness to pay conSumers remain indifferent between~ ﬁf
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effects on high willingness to pay cohsumers are now’ quite significant.‘i"”

.y

In the region where only the high quality good is produced,vhigh X
B 4 s et - ‘N‘ [P : .‘
i willingness to pay consumers continue to extract no net benefit.' 3 a
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B I In the regions where‘low willingne$s to pay consumens are served as welly ' . © -
T:'ﬁlﬁ ST '1 howeVer, ‘high willingness ‘to pay consumer's now extract positive net o \f
b Tl benefit This surplus is greater, the larger is the population of low ; C_: :
5 i’:‘ R —',,_willingness to pay consumers, and the lower is their preference for o - ..\f;
S ’\_“- : ., N . .r - LN - . . b - - to
SRR ],;'F;l.fﬁ~.tquality : Notice that the gain is. even greater from consuming ‘the=; -
= R f",-qualityﬁgood than consuming*th hi‘h qﬁ"l
r_l_.;f,'w"'f 1;{’13reduced level of quality Caz -8,
',i, e .
e T
-l rrant‘being serve ,and sh0u1drth
* ' ’ ) ! T i i .' .
R The effect oﬁ.balanced growth in Ml and"M which is mpdelled as
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oves—theLinterseetien—po&nt up along

ain ‘ the economy\was previously producing\k
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consumer—type version of the basic model ‘of quality differentiated goodS\‘;\"

[

\’ s . [ - v

production outlined in Chapter 2, for price discriminating and non—price Co-

.‘ 1 . - -

discriminating monopolista respectively.- b R ’

. Iﬁ one thinks of the two consumer types as ~residing in distinct

s ~

o regions of an economy, the no price’ discrimination equilibria could be

-4 . 4

- . ' b

viewed’as the result of allowing arbitrage orffree trade between the ' oL

R E L2t 2 B \
?1two groupsy‘g‘Thus, by.comparing the tyo.equilibrium configurations, the

Y e M

effects of~freeing trade between the two groups can be examined as'a .

. .
funcfionrof the underl&ing parameters. O, . N

] The price discrimination equilibrium configuration 1s &hown in

2 ’
Vi * \ N

- Figure 3 13 with the indifference 1oci 1ntersecting at point A. Ereeing

\‘
\\ % -

tradé bebWeen the twd: groups causes an - adjustment~to the non price

~

LR e .
= T(k )ﬂf 1 q: 2)‘,the nd price\discriminatioh .

K /.-.‘

.Locus, H(k..kzl - ﬂ(k )

H(k X¢f H(k ) '{, 1 somewhere above point A I

H" ‘
H(k ). = 0 chus,

A S

F falls j.s' 'nor,,c},ear. Pl
il

ﬁgeeing trade’between the two groups on the variety

N

e -The effects ofu

of- qualitiés prod\ﬁt‘ed are; ,ummarized in Table,Br it

)

“4

t

/. & 4.

' alpﬂeaumption that the overall effect‘
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reduces the average level of quality produced or both if the population

" -
N, .
' 1

of low willingness to pay consUmers is 1arge. .. o i o

.« - T 4

' “i, S Ihe welfare-effects of freeing trade‘are-sinply‘those gains in

S - 4 Al . L - ~
. - - ~ - . v

. . N | ' N ' . N
+ met benefit- derived by high‘willingness to pay consumers,'injthe presence '

' . oo

of a sigﬁificapt‘population oﬁ'lowfwillihgness to pay consumers, who'.
" . N . - . i LN T . -

wartant being served as descrihed in Section 4. The gains:are.greaﬂer;

[

Zthe larger is the population of’ low willingness tq. pay consumers, and .

-

5the lower is their.willingness to. pay “for quality . "“ . 'f‘ o
\6. - Summary and Concldsions -.>~ f. ‘. - ’T.L:f —j'?’ / ‘.C
This pterxhas focused on- the role ‘of demand differences in

_~( !

determining the variety of qualities produced by both price discriminating

3
-

and non’price discriminating monopolists, in a-simple two consumer type
'lﬁ( version of the basic model of” quality differentiated goods production ;
. outlined in Chapter 2. . - Lo T o

‘e . . [
. AN

In the’ price discrimination equilibrium configurationa it is shown

A}

that increases in the population of" either consumer types,’ helps overcome

" -~

fixed costs, with the result that two. distinct levels of quality are

\ s

more, likely to be’ produced thereby increasing variety. ‘

4

1. ~

<

In the no price discrimination equilibrium configuratidn, it is

v -

shown that while balanced growth in ‘the population of both cbnsumer
v types also makes producing two distinct levels of quality more 1ikely,
growth in the population of low willingness to pay consumers~alone, may

lead to less variety as eventuaily only the 1ow quality good is produced

High willingness ‘to pay conSumers are shown to derive positive net N

"

\benefit in the presence of a. significant population of’low'willingness

—-




N

~

-

to pay consumers who warrant being Served Their gain is greater, the

\ 1\

larger is the population of low willingness-to pay consumers, and the
lower is, their preference for quality. 5; A‘ _-l o

" 4 " g N

' If one’ thinks of the two consumer types as residing in distinct'

.- s nr : RO

regions of an economy, the no: price discrimination equilibria could be

- / P

2

viewed asxthe result of allcwing arbitrage L33 free trade betwaen the RO

'
T ‘s
s |' !

two grOups. :Comparing the two equilibrium configurations,.shows that

a

freeing trade between the two ° groups reduces either the number-of

\ Y [

~

qualities produced or the,average level of quality produced’- High
ep. 4 N \ - ) PR .

willingness to ‘pay consumers are shown,to gain, but only in the presence c

.l._ ,.4‘\'. '/*_ N

. of‘afSubstantiaIzpopulation offlow-willingness to payfconsumers who -

warrant being served.

N

Appendix - TradingrEquilibrium

R

-{ The simple.two consumer-type model - of quality differentiated goods,uﬂ

~ ] -

production developed in this chapter provides a very rich frameWork to

~ ~ . ,\' -

explére the effects of demand differences on a- variety .of- important e

trade issues. . - oo . - .-

v. - . -
u - - . RN

This appendiX“begins to address some of these: issues, by examining

- %

‘- .

the effects of opening trade betweeh two such economies. It is shown, -
J

however, that for d. trading equilibrium to exist in this simple two

P . )

consumer— ype model, some rather restrictive assumptions on. firm
u/

; . T~

-

.
[

behaviour are required e
S . . . A

iy -

Consider ‘two economies which are characterized by the simple

two conéumer—type model of quality,differentiated'goods‘produotion'f

4 . . .

‘described in Section 4, where the  domestic monopolist prick discriminates .
: ' Ca - . - : .. ’ . L

- between the two groups. v

- ey
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.

:;The‘two‘eCOnomies are assumed to-be identical in.every respect,
except for the population of‘consumers in each group. The'foreign )
country 1s assumed to be populated hy a majority of ‘low willingness toﬂ,

pay consumers, such that in autarky, both low and high willingness to pay
[ . . .

.consumers receive the low quality good kl’ ‘at price P1 = elkl shown at

point Af in Figure 3, 14 Notice that in autarkyy high willingness to pay

consumers.in the foreign country derive net benefit; Z (e k ) = (6,6 )kl'

271
The home country is,assumed to be populated by a majority of high willing- .

a

4

‘ ness to pay consumers, such that, in autarky, high willingness to _pay

b}

consumers receive the high quality good k2’ at price P shown at

' -

2 " 22"

-point Ah in Figure~3.l4,'while low willingness to pay.consumers are’not
N . v 4 N ’ )

served, B o ) ‘ Lo
' .-\ ' - S h "

. - v o .

Once trade opens between‘the two countries,'the home and foreign

S ~ -,

I- monopolists are assumed to compete as duopolist§ for boﬁh‘consumer types'

N 0

in each cduntry. As was the case in autarky, firms optimal price and ~

’- N

quality selection problem is modelled as a twq stage game, n

‘.
FAEY

In the first stage for fixed autarky levels of'quality, each firm

,

- . /.- 5

chooses its optimal pricing vule given some conjecture ahout the pricing
hY

N

"

.) . - - 4
‘\

behaviour of, the other In Figure 3,14, it is easy to see that simple_a ‘

‘. 3
ks
Bl

Bertrand~Nash pricing conjectures leads to cycliehl price cutting and ?

~. 4 (RN

hence non existEnce problems in the simple two consumer—type model.3

- ,"‘( 4, .

Beginning_at the autarky equilibrium points Ah and A for the home and

L4 - ) s

) the,foreign firms respectively, the homerfirm nyst clearlykcut the price

. .. - 1 . ..
- %k : C e S Lo

of k 'to~point Dh just to keep his high wfllingness~to pay consumers‘

2 e
> ‘ T -

- !

from jumping to kl Notice that low willinguess to pay consumers in the'

4 ' s Nt
’

home country now import k ftom the foreigp firm. From pdintszf and

.Dh, however4~each firm has -an incentive to margindlly cut price and
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v

thereby capture all high willingness“to pay consumers,vconjecturing7e

‘that the other firm 8 price will not change. Once the price of k*

reaches- the marginal costqschedule, the Home firm is able ta capture ¢
: all high willingness to pay consumers by reducing the price of kz to
just b;lpw R._ Having lost the battle for high willingness to pay ’Jf

- A}

cofisumers, the foreign firm raisgs the. price of k back to A which

1

2 back to Dh, then the

allows the home firm/to raise, the price of, k
cycle repeats. ﬁ/- . . ,'. L ’

S Alternatively, one could think of imposing whatvmight be called

3 n - N

Modified Bertrand Nash conjectural assumption under which firms S

continue to bei}eve that the price of the firm is held fixed except o .ok

in.the case of price reductions that cause consumers to jump, which L ﬂﬁ

f
,

firms believe will be ‘met. A‘ Thus beginning at the autarky equilibrium

points Af and A in Figure 3 14, the home firm must cut ‘the price

<

(N

of k to peint Dh in order to retain its»high willingness to pay

A"’ conSumers, but no’ further price reductions by either firm would take

> . * . !
K

placea‘ oL o N .o i

f R . . - r
~

Vo 'While'tﬁis behavioural assumption ensures that a pricing
f Lo . = }

g equilibrium exists,. it severely restricts competition to the”point

where it effectively preserves fhe initial allocation of consumers

3,

between the two firms. Givén this pricing behaviour, the second stage

LN I
’

finds the two firms simply choosing'to leave their’gualities at their

autarky levels.

"\ .
) B
/

e Thus points Af and D dn Figure 3 14 represent the equilibrium :

e Y

‘price and' quality combinations offered by the foreign and home,firms" S
respectively, once trade opens betweeri thethO.economiesA The foreign .

. .
- L. .o ., ' N /7 ]
s . . .
-
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4

firm continues to produce k for both of its low. and high willingness

T 1

to pay consumers, but now exports k

.

1

in the‘home country who were not served in autarkyrsv The home firm

-

to low willingness to pay cbnsumers

P

tinues" ‘to produce k for its high willingness to pay. consumers, who .

no “derive,positive net benefit as a ¢esu1t of the uprofcompetitive
reduc ion in price. Thus in this very simple example, opening up' -
ﬂ'trade has the very important effect of- increasing the variety of

qualities from which consumers choose This allows high willingness to .

“

toN

- . pay consumers the leverage to demand a lower price>\ani\minority consumers .
. ) : e Y

who were not served in autarky, to buy

While this analysis ylelds 3 very flexible nodel of trade in quality -
differentiated goods, the restrictive assumptions on firm behaviour greatly

limit its scope for addressing a wide variety of interesting trade issues.
The underlying cause of the non existence problem in the pricing .
4,‘ . . N -. ) e
equilibrium is that firms do not face smooth downward sloping market .

ta

demand curves in‘this very simple'two consumer—type»model; ‘Thus,l
. s Y . . ) .
‘marginal reducticns in price cause all consumers of .a particuldr type

to jump. The alternative to -imposing restrictive assumptions on firm

behayiour tovpreVent cyclical price cutting, is to try and smooth out

g

. the market demand curve. : T

One possible way to accomplish this within the Simple two

v o

- ‘consumer-type framework is to allow individual consumers to- have elastic
‘ldi} nds which results in downward sloping individual ‘demand curves.6

Al owing the,individual demand curves to differ in either slope of

=

-

‘.intercept,‘leads to a kinked market demand curve with discontinuous

~ .

'




‘MR as shown in:Figuﬁe 3,15, which éauses\andiscontinuity ;nAfifﬁs'

ﬁrice

N
- ! RECIN . . . . N ) i ) i . ’
reaction functions, and hence non existence problems as well. . A
i The alternative is to abandon the simfle two-consutier-type frame-
. " work in favouriof'a &ontinubus,distribution of‘Ednsumér'types differing
N ~ . ,
in their willingness to pay for- quality, which does 1ead to smooth market .
- . = : s .
. demand curves, and hence simple BertrandJNash pricing equilibria. This is
. - the subject of Chapter 4, ) : e ‘r ‘ ’ \
- , v < T . . ;
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cee? Endnotes . ‘ ' BT , o .
: S e : . . !
1. '-Krishna (1984) and Donnenfeld (1984) both eiplorerVarious

o . aspects’ ‘of commercial policies such as tariﬁfs, quotas and
- rminimum quality standards to control a foreign monopolist
,*which exports quality differentiated goods, in a similar
type of model }
2. Alternatively, one could)think of the two consumer types as
residing in different countries which are served by a single
' monopolist or multinational corporation. ~ Preventing the

monopolist from price discriminating between them could be 4

vieved as opening up trade between the two ‘countries.

3. . Jaskold-Cabszewicz (1983) disGovers this ‘Edgeworth cycle' in

a- simple two consumerFtype duopoly model of horizontally'

differentiated goods production

4, ' Eaton and Kierzkowski (1984) modify Bertrand-Nash pricing
behaviour in a. somewhat analogous way to.rule out price cycling
in a two conSumer-type model of horizontally differentiated

goods production

5. In addition. to the injportant function of tying up the general '
equilibrium aspects of the model for indiv1dual consumers, the

numeraire also serves as a medium of exchange to Settle countries

1nternational payments.-

With.elastic demands, quality differentieted goods must also be .
'horizontallyfdifferentiated‘for‘two distinct levels of quality

in equilibrium. If this was not the'case, consumers would all- N
~ choosetthe good providing tné most quality per unit of the

numeraire,




CHAPTER 4

DUOPOLY AND THE GAINS FROM TRADE -

TN QUALITY DIFFERENTIATED coons

1, Introduction
This chapter examines the consequences of opening up trade

between two economies-which are characterized by the basic model of

.

quality differentiated goods production developedhin Chapter 2. To “
simplify the analysis, each economy is assumed to produce a single

level of quality both in autarky; and once trade opens.  This allows

<

for a very clear examination of the pattern of. trade that emerges once
trade opens;Aand the resulting effects on consumers in .each cbuntry.

The basic model of Chapter 2 is extended by assuming that each

country is populated by consuners who are uniformly distributed over /"

their willingness to pay for quality. While this leaves little scope

1

to é&xamine the effects of-trade on minority and majority taste groups
in each country, the non—existence problems asgoclated with opening

tradedbetween two economies characterized by the more flexible two—pointb

distribution, as discussed in the appendix to, Chapter 3, are avoided.®

:In each country in autarky, the'equilibrium price and duality»

’combination offered to consumers by a monopolist is shown to depend on:*
the distrib tion of willingnesses tovpay for quality , Consumers behefitlQ
',from wider distributtons in which lower willinéness to pay consuners are
served, which is analogous to thevresultsﬂobtained for_the t;o—poind

. distribution examined in Chapter 3. . f."_ SR S

» B . . t E
. .

[P RN
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A

oS,

‘721“ N Once. trade opens, the two monopolist& are assumed to compete

o 7

St as'duopolists over price and quality for conSumers~in edch’ country. For
. " the specilal case where the distribution»of willingness to pay-is the same
[ ;\ \ hY
B o in. eatch country, “trade causes the two firms to push their qualities apart

.

‘ v

-

from their~autarky levels to minimize the price competition between them.

Small differences in the distributions of willingnesses to pay between

’

the two countries are shown to push their qualities slightly farther

X

apart,

All consumers are shown to gain as a result of the:competition

brought about'byxtrade.

distributionrof‘willinéness'to pay narrows,

’

-r . .. s

=

o

3

which further reduces the price competition between them. -

e

These gains ate shown to increage ,as "the

N

The chapter, 6 is organized as follows.

as the scope for firms to

differentiate their quaiities to ayoid price competition is reduced;

Section 2 briefly_outlines '

the basic modél of qualify diﬁferentiated goods production developed_ié":"

" Chapter 2.

,
N

P

o offered to tonsimers by a monopolist for one of the economies in autarky.

v

In Section 5,

N

o

4

.3
-

ASection'4 examines the:equifihriumbthat is reached when trade opens . - .
- - ) - ' -..‘ ‘v .'Il . N
. between the home and foreign economies.

the.‘trading

equilihrium'and'autarky equilibrium'are compared to examine‘the'effects

‘J

of trade on the variety of qualities, prices, and the welfare of consumers

f.

o

-

consumers in each country buy a quality differentiated good

v

in each countiy,

—

+

. ®

e ar

Section 6 provides some concluding remarks.

r‘;»

N

’

Finally, the trading equilibriumtionsidered in Section 4, was,

‘E. developed under the simplifying assumption that in equilibrium, all

o

u

T ‘.-.1 ‘ thaf the distriﬁution of wiilingnesses to pay be sufficiently narrow such

o 55

_is served.. -

“
i

.

)

el ey e

thatuin equilibrium, the-lowest.willingneSS‘to pay. consumer in each country

This requires

- . B S ' Y] : -
Section 3. examines the‘equilibriumsprice and quality combination

AN
)

P
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. Ca nd

arise for wider distributions, in wh%ch,the 1oWest willingness to pay -

d - -

consumers ‘may not be’ served Excluding the lowest willingness to payw .

e .
- -

’ consumer, however is shown to cause kinked price reaction functions

- -
- . .

- -

which greatly complicates the quality setting equilibrium.. Computational

! .

methods are used to show that while trade still causes the two firms to

- Nt ‘!t - e v,

-

push their’ qualities apart, discontinuities and multiple equilibria result.

- b
* T “ v - : R .'_ =
@ . . . . .~

. A - T ) foe

2. The Basic-ﬁodel:; LT . ST ) ‘ﬁ

, e

In each economy, produptioniis carried out in two sectors using a
R N ., ’ -, a ° +
single factor of production,clabour. Quality differentiated goods dre
! - ~ . .
produced by a monopolist with decreasing AC in output (i e.,,fixed costs )
3 v

and .constant MC in output) and 1ncreasing MC in quality To allow for

-
' ~

exp11c1t solutions, the cost function is .assumed to take the form:

’

‘ .
v . N - «

o

1 . C(X,) = ckX.+ G . - -
N N R .

P .

where‘k. > kJ 1> ckj is the marginal cost of producing .good j, where ¢ > 0

and G is the f1xed eost required to produce a quality differentiated good.

-

£

All other production 1s devoted to a composite gopd Y in g perfectly

%

competitive sector, which is used as numeraire.' There are no cost or

comparative advantage differences between the two countries.,

P

W

H -

e : Each country is populated by consumers who differ ‘in their

willingness to pay. for quality._ All consumers in each country are;

assumed to have_identical'income‘composed:bf labour income and a per ¢

.

The appendix to this»chapter examines the complications which - l-i"

.fwhere«§ is- the quantity of good .j produced k is- the quality of . good 3, -

k)
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7}ngonaumer is willing to pay for a quality differentiated good,

Yo \ " . - .
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o . o ~ < % ) S
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capita share of the*domestic monopolist s profits. Consumers'allocate~v‘ e

. -~
N . PR

their ianme between expenditure on uhe numeraire, and on one unit bf a”

o ‘ )

quality differentiated good by chobsing the level of quality which :&w: AN

provides the largest net benefit Lo be' had from consuming a quziity ‘ o

differentiated good leaving expenditure ‘on the numeraire to be determined

as a residual. Net benefit isﬂdefined as the diﬁference between'what_a o

3 a . s T . . R N 4
“and its price, .-

2 > S 7

<

. written as: . ¢

s

*"“valuation of a unit of quality.

3y

Z,(P) =8k, - P, oo Lo ‘
2, =0k -r , o F

3 o

2)

.'(" ’ i ) .,
'is a representativé consumer i's valuationwa a unit df.quality <

N N

where 6.

and thus e&k is consumer i's valuation or uillingness~to pay for good J,‘l
and PJ is the price of good j. Sh0uld no quality provide coﬁsumer i with : U

v - . * . .
N - y ’

non negative: net benefit he would simply spend all of his incomefon the Lo

[}
1 . “

" numeraire. . -4 SN . : S , Lo . .
oS : - :

. L
- . . e “
I ,

The'market-demand for any particular, level'of quality dependa on "~

* R ", -

both the distribution of willimgnesses,to pay £or quality, and on the

N

. )
~ S “
4 . ’ -

variety of price,and quality combinations available.

r. - . " B 0. .

4 Consumers in each country are‘uniformly distributed in their )

. H - i { r .
The home country.is populated hy'Mh‘_'

consumers distributed over the interval [61,62] with density and R

- ’

cumulative density given by:: v R . - . R t'- . ’ v




e

. N » ‘g'..;, .'
W (Y

5 1 and H(&T) =1, H(G?) =0, Similariy, the foreign couﬁtry

ot where 60!,
e L f : . , : £ E -
is populatéd by M consumers distributed over the interval [61,92] with

density and cumulative density given by:
[EPRRN ‘-A IS
| . i N 6
- -~ 4) 1£(8) =
. RN
G R S
’,, : b "' i oo
y . ) £ F fo o f
wheT{e_e2 > 61, and F(ell =1, F(e2

) =0, * .

.~ \
g

. “ X . -
- < The only differences that may-arise between the two countries are.
. < . N .

“ B . T ]

\ . . o . . .. o )

- in total population, and the range, of willingnesses_ to pay for quality.'«
t e * ¢ »‘( ~1 ) ! “ ’ .

v Examples-of density‘ﬁpnctionsgaqd their corresponding cumulative density

» v . \ N

| - -~ ; “ . } - Yo . )
o functions are shown in Figures 4.1 and 4.2 respectively. .

. . [ N \

I3

N 4. B ‘ ‘ - I “,‘ " , ¢ - s * '
.— Y . ’. ) ‘” - .
3. Autarky Equilibrium *t.?_ )

vl ~ 0 s o

‘7 . y A : " - ' 1.

I's ' : . - e ) o
i . " Having described consumer béhaviour and the costs, of production
. . . - I' .

g 0
-

.'thé égnopo{iét's optimél pricg and quality selection problem can now be
;xami&ed fofveach'count:y in éutérky., The anélysi$.EOCUées;oﬁ*gﬁe home

. N - : ~ ’ : .
‘:‘ g ’ . dbngpo}isf's problemjas the foreign ponoﬁolist's broblém ié idehééﬁal, '
- ~i.lk . ) egtepg>f8r’f's in plﬁcé of h's where approppiéte. .
. N c, . ‘

Thé'monopo}ist'gkproﬁiem is modelled as a two stage- game. " In

W " the first stage an optimal pricing rule is-derived for ‘a'givén level of

- - 'qualityu The optimal pricing rule is then useMuin thé'sécond stage to

e T fe-solve the firms problemAfor'§hg optimal‘lejel of quality. Fixed costs
S are assumed sufficiéntly high to prevent the,ﬁoﬁopoiist from producing.

Vs e, Y

-

-,
r

-

N

‘ - .more than'a,sihglg;ievel'of;quality._

¢ s
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Recalllng~the consumefs "decision rule (2), and the cumulative density

function:(3), market demand for- aésingle level of quality in the home -

. v

‘country\is given by. ; LA B " .,
- v <. & LN v
o K3 . . s~
L t4

- v~ N ¢ . L - - i
S v . oMz T Vel
‘ ‘ ) L :
| v < - ~ ! - v~ N r - R
AR VRUNSE . . LT b - N N
o ) i LR TN R (“h v R
'which is v,sbewﬁ ixy Figure 4.3, At.P 5.6k, onI ‘the highest wium ess*to :
, . . 8! : , 2 y

‘pay’ cofisumers will buy

are induced to buy~which nges rise to a smooth downward sloping, llnear.

market demand Qurve. Dnee pflCe reachés ehk "all” consumers are in the

1

I

market buylng k.

s,

+

K

.

.

As price falls, lower willingness to pay consumers

~ i

-7

3

(-

-

.

1

v

N
.

¢

',l Using the|maIREt demand function (5) and the cost functlon (L), the,:

- . . ~ : . s ’
. - N 4 . . 4
pric1ng stage of home monopolist s problem is written as. ,‘,'ﬂ( ~_” .-
- . ,\ . \ X , o P A ’
e N ® ' S, ,' o - L
o LT . , .. H C 3

\”" v ; ’ [I.) -

Ck ]te k - P]M I i. J:'~:. ".tf e

“(,82‘ R T T T

hv.e').k o e e

- - - ’ 2
v Differentiating (6) w % t P and solving gives the opt1 hal . "
pric1ng rule.._q.’ e o . . ’
’ P \ .\\' O : ; ‘. ' P - ’l =
. .. ~ - . Loy . .~ = , , -
) I _ng, +.ck™ R . |
’7)‘ P - : \,2, [ ’./. . P Y o« . * . - -
Cow oy “ . ‘r B 1 Py
R Lot ,
'whefe P' Just‘balances the savings in marginal cost, from a price inc:ease

N

- - ‘. -

with the loss in marginal revenue., The pricing equilibnium is shown in

“
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The second order conditions for 2 profit maximum are satisfied

~
~

~ 7 ’

for all P2 0 + B {

. -
’,
r

A more useful interpretation of the pricing equilibrium .can be seen

from Figure 4.5; . The equilibrium pricing rule (7). is shown as the dashed

1ine falling half way ‘between the highest willingness to pay consumer 's .. -

f

willingness to~pay ray ehk and" the marginal<cost schedule "Suppose for'

‘ 3

the moment that ¢ = 0 Then P just balances the gain in revenue from

S D e N

cutting price to attract the consumer with" willingness to pay ———3 with

L :

the\loss in revenue suffered on all higher willingnesa to pay cdnaumers

For ¢ > 0, the net revenue’gained on the marginal congumer is reduced

while the loss ‘in revenue sufferedvon all higher willingness to pay

\ N =

It is implicitly{assumed

~

-

consumers is unchanged, which causes P to rise.

here that the distribution of- willingnesses to pay {s sufficiently wide ’

N 3

such. that some low williugness to pay‘consumers are not served

, Substituting ‘the optimal pricing rule (7) back into the’ monbpolist s

problem (6) gives the second part of the fdrm s problem,which is written as:

= - ~
’.

‘ [ekupk]f‘ffg. S .
-G .

S -egk

. -

Differentiating (8) w.r. t k and solving gives the optimdl lével

\2 - P
\

of quality as' -

R ' : T

The profit function is strictly concave for k s §—~, which ensures

that k is a profit maximum - Do o ' ;

—

N
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. ¢ : .
. tk . .
. ‘The equilibrium price charged for k 1s found by substituting (9).
Ai ' . ‘{into the optimal prfcing'rulé'i?)igiving:_ L T C ; ; f,

¢ J . : \

PR ) % - 2(8) . o : .
9¢ ,

Lét 6§, identify the congumer who is just induced to huy k at

price B such that in equilibrium, 6.k - P = 0, Substituting in for

A

k and P gives; ' .

a'

\

Thus assuming that the distribution of willingnesses to pay is

%

o Sufficiently wide such that 6 S Bl, then conditions (9), (10), and (11)* L :

- describe an autarky equilibrium in whigh [6 6 ]-is'the set of consumers
‘- . Who buy k at price P while [6 1) 1is the set of consumers who are not

/: - -
N -

served.,.The equilibrium is shown at point AT im Figure 4.5, Notice

~

that the equilibrium level of quality k , maximizes the difference

- -

between the marginal congumer's willingness to pay ray a k -and the

marginal cost schedule. Thus in equilibrium, quality is. chbsen as- -
- "
though all consumers were the marginal consumer.
TN ! ) For narrower distributions where\e1 1, the equilibrium price
and guality combination offered at point A in Figure 4. 5 is clearly not ‘

~ i
2

optimal fhe monopolist could increase profits by raising the price to . <,

ehk,, and could'further increase profits by altering quality.
} N ‘ 4 N

\Y . . . . . N
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When the distribution of wtllingnesses to pay is sufficiently ‘;2

yt -
»

narrow such that it-pays to serve the lowest willtngness to pay consumer,,~'

v
\ -5

Lo

the optimal pricing rule is simply to set:»

. N #® \
. " ¢ v K
o * ' ' T < - .!I
"12) - P = th ' . ’ ) -
o 1, " . \ - L ‘ -
¢ ! w!
Substituting the pricing rule (12) into the monopolist s prdblem .

(6), gives the second part of the firm's problem which is written as:

13) Max TMk) = [e_gk - ek - g

v
)

- Differentiating (13) w.r,t. k and solving gives the aptimal level
. S . , X i - :

of quality: T <;ﬁ oL

The profit functiOn {s* strictly concave for all k> 0 wvhich ensures
) v

that k ig at a profit maximum.

From- (12), the ‘price charged by the monopolist&for k is

.« , .
”./ ‘ o y h 2
N

Po= 2¢

Y O . ) L .
Thus conditions (14) and (15) describe an autarky equilibrium in which

~

all consumers in~ the home'countty ‘are,, offered k -at price P . The locps of

e .

@ .

,equilibrium price and quality pombinationé s shown'as the heav? line

’ .
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I

~between points‘Ah and Agiin Figure 4.6.  Notice ghaf along the locus,.the
equilibrium level of quality maximizes the differenée,bet&een the lowest
" willingness to pay consuﬁér's‘willingnesé to pay ray and the marginal

cost schedule. ‘Also notice that at point A; where the distribution of

3

. h- . ..h?2
- ‘ 9 «  (8))
willingness to pay has shrunk te a point, k2 = Jc and P2 = e which

is exactly the outcome that was reached in'thq?!kmple one-consumer type
, . ' .

~

‘model described in Chaptef 2.

The relatioﬁéhip between the equilibriuﬁ level of quality produced

Q

and the dis;;ibution of willingnesses to

in the;hgme country inm autarky,
A

: ) N o .
. _pay is summarized in Figure 4,7. Thus for e? below 61, quality is fixed

4 * . ’ah . ) eh .
h L * 2 - h- h
at' 'k = EvS For 61 above 61, k .converges to k, = == as 6. approaches 62.

"

2 2c 1
AN o

Using the equilibrium conditions for price and qualit&, and the

definitibn‘of net_benefii frem.(2), the welfare implicaticns of the
’ . IERREERPI-E SO L . )

hahaN

autarky equilibr{um configuration-~are Sumﬁarized as:

Ry
M - h .. hy
16) T 2(p*) = Eszf_:_fizz ‘ e* <6 < eh
B 9C. . 1- = 2
) 1 58
) ’ ’ 0 <o
) 0 29
° A - of 5 oF
L . 2c . 1771

These effects méy also bglsummarized in terms of a diagram which

£ . .

relates consumefxwelfare to the distribution of willinghess:to pa& for
o . . . S B
quality, which is shown in Figure 4.8.. For distributions where 6? <.61¢

5.
13 L. ‘ PP ’1—;-“".(..‘.::\?*19: o1
‘ ST e B

AR 2, .
VLt tismen e
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’ offa‘two stage‘game. In the first stage, a Bertrand Nash pricing

levels of quality.?‘ Treating each country separately avoids dealing '

{
: A
1 ]

5 [

. . . * 0 TT ey '
consumers with willingness to pay below 8 ‘deriVe no net benefit as they are,

1

not. served while consumers with willingness to pay above 91, derive positive .

P

. 4
. net benefit shown along the upward sloping line labelled eh\ <.0 nhonrs,

1-1

3

h

*
81;> 61, the lowest willingness to pay consumer is Just indifferent betwben
. - . B i

.. ‘.,

k and the numeraire, while all higher willingness to pay consumers derive

[y

- "

. *
positive net benefit.as shown alorig the@B? > 91 line. Notice that as the

distribution shrinks to a p01nt, the monopolist is able to extract all

¥

consumers' net benefit. \Thus wider*distributiOns.allow higher gillingness
to pay consumers:to‘ektract more net benefit'fiom'the monopolist in
autarky, which is much the same as the result obtained for the two-point

distributign examined in Chapter. 3.
The~analysis is identical for the‘foreign monopolist in aut%rky:'

‘ '

Maklng different assumptions about the distribution of w1llingnesses to '
\

i

- pay for quality will result in a different level of quallty being produced

l

in autarky. This" also provides some scope. to" explore the effects of small

.,h f ) .,- P -

. - . .
differences-between the - two countries once trade/opens.-”
PR R L. * Lo

M

4. TradingrEquilibrium _' AR : -;fﬁ;;

’

This section examines the COnsequences of opening up trade between

the home and’ foreign eeonomiesuwhieh may differ only in total population,

N B . .t «

and - the range of. w1llingnesses to pay for quality :
. A . o, i
Once trade opens, the two monopolists are assumed to compete as

. “ 7'

duopolists over price andsquality for consumers in each country, in terms

r
b,

’ n.ﬁ“.z

equilibrium is derived separately for each country, for given (autanky) lﬁf?
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fsiftiﬁw: ~with the sum‘of ‘two uniform distributions that may overlap and cause -

4 —"",u'.

kinked market demand curves with non—existence problems of their own.

Lo : . o . . - .
Wt T .

The second stage involves n51ng the equilibrium pricing rules

v . LR

-9 .

»

derived for each country to solve for ‘a quality setting equilibrium,

.. e assuming that _each firm: conJectures that the quaiity GE the other T8 N
. L AT .- ’ , - : \) “ “ . .
held fixed Fixed costs are again assumed sufficiently hlgh to prevent )
. ﬁfigtw" either firm from produc1ng a second level of quality.-
T ‘ EN R : . i

The analy31s presented here concentrates on an overall trading

T,
- * v a

equ1librium in whlch all consumers iﬁ\e\th country buy a: quality

‘,

‘ﬁ*fB“ : differentiated good - THe - compllcations which arise when lov willingness

o~

'to pay consumers are not serVed are’ examined in® the appendix to thls

RN 2

L al

o

P chapter. R } ' ) e

R . ‘ ® . ot TR
LT 4.1 'Pricing Equilibrium -

[P

s . H o .
kY “ o

cLtl " . ., -/

B the home country under the assumption that all consumers are served The

) . ; -
L . 5

analy31s is The same for the foreign country except for f g in place of h'

where approprlate. REt f:' A “ﬁ‘_.b -, ;”, _«me;. R ;
':lr‘t”u Each firm s quality is aésumed to be held fixed at its autarky

‘lTevel. Let k denote the quality produced by the foreign firm, and k

£t \\‘4 . .. < 3

“l denote the quality produced by the -home flrm where the distributions

:; S v, ) K3 -:» T ® 3 s e s MA‘ ."‘, - N .a o, @ “ P
LT B differ Such™ that in autarky, kz >,kl“q (A feow *-““ o
‘T ) ";'ﬂ.i‘”; Hote country consumers myust now choose betweenvthe imported .
1‘}:.‘ ; - , 7 . e h , h s
o quality kl’ at price Pl’ and the domestic quality k at price P2
A PR Recalling from (2) that consumer will choose “he" quality providfhg the'ﬁg“m:
’ Isd I LA ” S v B K 3 ""."":. o). C
N ¢ Sy ' ;
. R . .2 & . ‘ ",z : ‘ _ g {,"; e p .
.- . £ "
e --—r—’l:»»-w*‘rn‘ cmr T F e Ee b - ’:“':‘ ¢ 2
e e, " - i
- ",'.1 5 o N e R - ’:':‘: ! : l?. , ‘
*{/ s 3 ‘ b
. - , O o ;,::/
o | g , s )

f g A H ’ N B
Y PR . ) ¥ . . = ) o .

ThlS section examines the pr1c1ng equillbrium that\is reached 1n ,ﬂ .

2,



L4

. L R - ’ s . oo N
largest non—negstivé, net bede¥fit, let 8 identify the consumer who is
. . ) - P h 4

2.su(:h that ekl —: 1= ekz - P2 which

~

just indifferent between k and k

gives.

v

;éinCe é;l consﬁmers are assumed-to buy either ki or kz, market
demand iyndtions for ki and k2 in the home country ate t.n::l'.ttel:L_as\:‘3

ST S .,MA . ‘
,' Substituting‘e rom (17) dinto the demand functions (18) and (19),

‘o PR - N

s and qsing theocost function (l), allows the foreign and home firm s,pricing

N v .
‘problem inﬂthe home country to be written as.. ’
S ¢ T

RE R : h' _ j-h- i H L . oo
' [P .,.ck][P PP - ol -k
h -1 1 7172 1
H(P ) = Ah —

: : (ez'f el)(kZ,_ kl)‘*

A

-,

[P = ekZ }[e (k - k. ) - Ph + P1]M

h
2

N

(0, .~ 8 )(k 'klin
L4 ’. . ‘ ‘ -

«

-assuming P2 is held.fixed and ,

is held fixedq gives the

?'x°z Differentiating (20) W. . t Pl

N differentiating (21) w r.t._P

H I’u

: . “id ., . . . .
AT t.m«g" R L S
. st I e s g , . . e
o AR k ; ’ v N S ) o
. I AN N Y * e , -

assuming P

‘2 1
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price reaction functions for the foreign and'home.ﬁirms respectively:

h, 2 'h, .
22) Ph i P2 + ck1 - el(k2 -,kl)
: 1”7, 2 :
] , o \
h 2, h, . )
. P+ ck. +0,(k,'- k) .
23) ph o L 2 222 " "1

2 ‘ 2

-~ ‘ .

Since both profit’functions-are strictly concave in their

’ o ' .
respective prices, the two price reaction, functions (22) and (23)
are easily solved to yileld the equilibrium prices:

b LeeeD _oogMy (e - k) + ek + 2ck%

26) By =3lC8, = 2070 (k, ) 2 F ek - N
. h_1l..h b Cn2 2 '
25) 1 7y = 5020y - o)y - k) 20Ky + k] R

g

The pr1c1ng equilibrium for the home country is shown in Figure 4, 9
NOtlce from (24) and (25), that the closer the two qualities are together,<"
- the more sévere the Bertrand—Nash price competition becomes; Should
"”kl‘? &2,:then each, firm would be forced to price at - marginal cost which
,1s the:standard'Bertrand—Nash'result. , ,

S . gﬁ | ' . | ‘A";‘
fﬁ‘ Quality Setting’ Equilibrium . | ' : S ’i,: fii o i
o Using “the. equilibrium pricing rules (24) and (25) derived for the Ti

home country, and similarly derived rules for the foreign country, the

'_,quallty selection prohlem for the foreign and home firms-ere written_as{,
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26)  Max
K
27) :ﬁax
Ky
\

‘

: differentiating (27) w.r.t.

H(kl)

Mk

order conditions:

28) -II‘(k_l?
o
29) MUK,
#

Ch. o Re, .2 an
2 108 = 2000k, - kp) + ck; - cky] a
h by y
9(92’« o) (k, - k)
f - 'f 4 2 2.2 f
[(8; = 20)(k, - k;) + cky = kA
C gl L of _
.hif?z 8 (ky = )
B o_ By oy 4 2
(285 = 01)(k, = ;) + ck’ - ck )’ Mh
. h h ‘ _
(8 = 6 (ky - k)
SR JUT 2.2 f
[(28, = 81)(k, = k;) ek’ - ckz]ZM
TFf
REICERHICEES

~

- G,

Differentiating (26) w.r.t, k assuming k is held. fixed and

76

k assuming k is held fixed gives the first

. f-“‘n‘,

200

1007 = 200) + ek, + KI5 - 200) = clie, - 3k M
= h = 3 ’. z .V -
’9‘(92:91)_ C .
[of =205y + ek, + k) 11(oS - zefffzfé(ké‘ﬁ 3k, ))
T - A — -
| 9(of = o) |
) h h, ‘ : . h h TP I 4 .
Loy - ) - el + 1) H(208 - 61) - (k) - k)"
” Y ~
2 9 (92 -.97) |
O I NP S o
[ 1020, = 0) - olky + k1120, - 8)) = (3K, - k)
. T E Lo T
' o, ‘ 9(62 "“ el) )

TNt s
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‘pricing rules (24) and (25)," giving.

1 34) P

T : . o
- . ) . ‘-J:
T
R
e

For the moment consider the special case where the distribution

of willingness to pay for quality in the  two countries is the same such
h_ _f N S :

that 6, = 6, = qf and 6, = @, = 62. ,The two;first order conditians

reduce to~1inear“quality reaction functions for ‘the foreign and home-

;"-

firms which are: : ' '

cky = (8, — 28

30)‘ kl.= 3a
11 . ckl + (262 - 61) :
_ 2 3¢

e

The two duality reaction functicns (30) and (31) are easilj:selved

for the equilibriuﬁ levels of quality: ‘ : .
56, - 98
e T \
32) k=g
: 506, - ©
. x_ 2% 9 : ‘
3 'kz,_ D .

.
The two quality reaction functions, and’their_ipteréection~point

is'swan'in”FigureA4.l0 o f  : , '__‘ o .

The equillbrium prices charged for k and k by the’ foreign and home,

'firms respectively, are fOuni\by substituting (32) and (33) into the optimal .

‘o

P F 64 [zse ;39291 + 496, ]




7v‘this outcome would clearly not be sustained«

e
-

35) é*=i[49'ez 5806, + 2502]
D) Fy TRt 2% T 29

e

Thus conditions (32), (33) and (34),’(35) describe the equilibrium
qualities and prices that result once trade opens between the home and
foreign economies, under the assumption that the distribution of
Willingnesses'to.payﬂis the same in each.

The relationship between the equilibrium levels of:quality produced
by the-twodfirms and the distribution~of willingnessesrto,pay assumed fof
the:tuo»countries is summarized in Eigure 4.11, where (32) and (?3) are

N I ) = C .-
represented as the heavy'lines. It is easy to see that over all
P ‘ L L . - . ‘

) distributions of’willingnesses_to pay, the two_ firms push their qualities

N )

apart from their autarky levels to. avoid the severe Bertrand—Nash price
competition between them. Notice that as. the distribution of willingnesses

to,pay shrinks to- a point, the equilibriumplevels of quality corverge to

e

x . . : : , .
k2’ which is exactly the outcome that was reached in autarky, though each~

firm is now:pricing at marginal cost, With positive fixed costs however,,"

s

M r

A

To ensure that conditions K32)'and (33) do in fact describe a.
. co oo, <. § :

\i c -

: quality setting equiIibrium,‘the concavity of the respective profit.

'functions must‘he checked. Assuming that the\distribution of w1llingnesses

- to pay for quality is the same for the two countries, then differentiating

..'(28) W,T. t. k

,profit function is concave in k. for:

i

s and evaluating at k , reveals that the foreign firm s,
1 2 ) .

1
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which is represented as the upward sloping dashed line in Figure 4,11..

Similarly, differentiating (29) w.r.t. k2 and ‘evaluating at kl’ reveals

<

that the home firm's s profit “function is_concave.in k2 for: oo

116, - 70
- 1”1 . L
3. R 8c | - L

which is shown as the downward sloping dashed line in Figure 4, ll.~

If costs rise quickly in quality, k will act as an upper “bound
t
A.\
-.on k 1> @8 the profitability ‘of pushing kl past k -to become,the high

quality good is reduced

Conditlons on kl and k2 must also be derived to satisfy

elkl 2 Pl, such that the lowest willingness to pay consumer is served,

and thereby ensuring that the demand functions, and hence profit functions

are well spec1fied. Using the equilibrium pricing rule (24), the condition'

. v - - . kS
which ensures that the lowest willingness to pay consumer is seryed, is

oA,

written as: S S B I

3‘8): elkl 2 3l - 207) (k, ~ k;) + cicz + z,ckl] B

;

- The locus of kl s satisfyingg(38) evaluated at k 1s shown as

| the downward sloplng dot—dashed line in Figure 4. 1l The loous k .

A

‘satisfying (38) evaluated -at k1 is shown ‘aB the upward sloping dot- dashed &

< ' ‘ . L ey




. - . . ) l:\".' Lt " ? : > ——)v
N .- . ! : N ) I3 * ’ * .. N
line in Figure 411, Evaiuating (38) at both kl and k2 reveals that

o . . ~ S * *
" the quality setting eguiiibrium is well specified for 61;2 § , where §

is given by:

-
.

. Wider distributions wili involve different demand functions and

Y
r

profit functions, which are éxamined in the appendix to this chapter.
® Assuming that .the conditions needed for a well specified trading
equilibrium are satisfied,‘the effects of smAli‘differences in the »f
distribution of wiliingnesses to. pay‘between the;two countries can be -
examined. | |
.‘Beginning frbm a position'uhere the‘tﬁordistrihutions are identicai; .
.7 the effect of siidingvthe.distribution of wiliingnesses'to pay'along in
the home.country, while'leauing the distribution of willinénesses'toq$ay'<
in the foreign country unchanged is found- by totally differentiating
the first order conditions (28) and (29) and’ evaluating at Mh = M , -and

deh del, ‘to preserVe the same range,which gives. H

2

. # /
' dk dk

40)

N ¥
IH~*
+

2

o

de

1
h 4 a8 .
/

Thus small differences in the distribution of willingnesses to

', *

pay between the countries alldws the. two firms to push their qualities

ever farther apart helping them to. further reduce the Bertrand—Nash

T o competition between them.




4.3 Welfare Effects
In the trading -equilibrium described‘ﬁ&,conditions (32), (33)

(3

(6 - el)xnf +.nh)

. . . *
and (34), (35),. » is the share of consumers who buy k
_ (ez—el) : _ el |
, . L G 5)0ef + My o
at pkice P, from the foreign firm, while - - is the share
~ 1 , ’ . (8,.-0.)
) ) . 2 1~ o '
: * *
of consumers who buy kérat price P2 from the home firm. Substituting the
. equilibrium conditions into (17) for 8 shows that:'
I # '
L e 40 )
& ~ 72 1
41’ 8 h 2 - o o £ : ‘, N

- which says thét‘in'equilihrium, each firm serves exactly half of the

. »

cotal.numbef"of consumers. - Y
- » . \)

The net benefit derivea by. lower willingness to pay consumers

from consuming k at price P;\is given by' ) ‘ .l : o \'M » ]
' e(se ) ' 02 - 5800, + 4902) : . ‘
SR Z(P) R U 2%y )
S , 8c - N "' © bhe o

<

o where 8 € [6 ) Similarly, the net benefit derived by higher

l)
at price P

‘

willingness to pay consumers from consuming k2 9 is giVen by'
o 8(56., - e") "-('4.992 —"séé 8. + 258%) '
43y a2y e LT T2 21 Tl Lo
: AR 8c . . ... 6he .
‘whﬁee-eT&a]A oL T ' ’f i( :'ﬁ f
e 2’ R g . ‘ A . :'4
. PR . . 3 . . . ] .. .‘ . ‘A
J Y |




83

< »

‘The relationship between consumer welfare and the distribution of

willingnesses to pay—for quality assumed for‘theAtwoggggntriesJis nmst ..
- -~gagily seen by representing (42) and (43) in terms of a‘diagram as shown

. . ‘ ~ - *
in Figure 4.12, TFor the widest possible distribution where 81 = @, , the
lowest willingness to.pay consumer 1is just indifferent between buying kl"

and the numeraire, while all higher willingness to pay consumers-derivel_ ~

1= % a8 N
distribution -of willingnesses to payfnarrows, the equilibrium levels of

- *
positive net benefit shown along the line -labelled 8, = & As the

_quality produced by ‘the two firms are drawn closer together, which

¢

ﬁheig’ht‘ens the price.competition between them, and thereby increases the net

>

' - - , " : ' , .k
benefit derived by all consumers, as shown along'the line labelled el> o .
. . . i B ' i . - * - .
Once the distribution has shrunk to a point, each firm is producing kz,and

) » ‘ ®
prices at marginal cost, providing, consumers with.maximum net benefit

2 ) o ) | - : .

. .k - (e 2) . - . v' ' 5 . . N
ZGPZ) = shown at point F2 in Figure 4,12.

- 57 ) Thus narrower distributions benefits all coﬁsumers in each couutry

by limiting the. scope for firms to differentiate their qualities, and
o - . -

thereby reduce price competition between them, - !

Small diffe;ences in’eherdistributions of willingneSsés‘to pay

’ ”between theAtwo céuntries- which aliows the two firme to'push‘theif

qualities slightly farther apart, clearly reduces the net benefit- derived Il

v

by all consumers as the price- competition between the firms is reduced

<

e/.
3

- 5. Autarkyﬁvs. Trade

Having described the autarky equilibrium for each country in
Section 3, and the trading equilibrium that was reached between them )

in Section 4 yhe effects of opening up trade on the viriety of qualities

. : ’ Ly
e produced, prices and consumer welfare are now easily summarized ’




when the distribution has shrunk to a point, do the firms 1eavé-theif

The effects of trade an the variéty of qualities produéedhére;
most eaéily seen in Figure A;li. For all distributions bf-willingnesses
t; pay that a¥e examined, ;he twb fifms\push tﬁéir quaiities apaft to
aQoid the p%icq competition bétwgen‘them, br;ught about Ly trade. Only

qualities at their autarky levels, where they are forced to price at
marginal cost.

The effects of trade on.prices is summarized in Figure 4.13. The

locus of equilibrium prices and quaiity combinations gffered éo

consun{ers A
in each codntry in autarky is shown between points A'and‘Ai as before. . R
. .. . e ’ R T ) .
The locus of equilibrium price and'ddality‘gombinations,offered to lower :

willingness to péy consumers.in each country by the foreign firm once
trade opensy; is shown between points F- and F2. Similarly the locps\of

équiiibrium price and Quality combinations offefed to higher willingress

<

to pay consumers in each country by the home firm onge trdde opens, is
shown between points F' and Fé.' Thus .as the distribution of willingnesses
to pay assumed . for the'two countries shrinks, the effects of the pricé

’

cémpetition bfought about:ﬁy trade, becéme more‘pronouﬁcé&f Once the
distributioﬂ hasfshruéﬁ to a éoint,'in autarky, the ﬁonopolisf,is éblg
to pyice étApéinL’Az extracting ali cohs;mers net bgﬁefit; ﬁhile;trade
fd;éesithelfﬁq firms,to.p;icé a§ mérginal cost shown at point F2.
Finali&,;thé effeéts of~t:adé‘on consumér,welfére érg summarized
in figure 4,14, The'nét benefit derivéa;by cénsumers f& ﬁhe tréaing
eqﬁiliﬁriﬁm, fofAfhe‘widgst~§istribﬁgibn of billingnesseg:tb pay.
cohs;dered, is sh9wn(along ;hé'line labelléd‘61'= a’ InAcompaf;sén,h

!
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the,same distribution -

. . s . 4 -', ; * . '
LT v 6;61. Except for the lowest w1llingness

. s

to pay consumer who is. indifferent all consumers in each country benefit

e L2 . . B -
AR

S : ﬁrom the competitiOn brOught about by trade.~k"a N

4

-~ v

. As the distribution of willingnesses;to pay narrows, the benefits/

LI . : . g R 2 -

J LN 1 »
become eVen more<pronounced The line representing the net benefit

o, R IS . - 3 R 2 .

d\rived by cpnsumers in the trading equilibrium shifts up to say 6 > 8

~. ] .

f as the 8cope for firms to differentiate their hualities to avoid price

N .\ S - N
ty v ~

Sl 0 competition is reduced The line representing the net benefit derived by*

l K - .

1’

%

consumers in autarky correspondingly shifts down to el

5

monopolist,ls better able to extract consumers net benefit. In the -

l’ as the

’ . extreme.case where the distribution shrinks to.a point” consumers detive L
,.“ "x «. - t

maximum net benefit at point F2 in the trading equilibrium, where in N
. . . . . e - o T
-7 autarky, the monopolist is* able to,extract all of the net benefit ieaving 2R

, :
consumers~at point Az IR L . oo - —

,p B s K

/" : Small differences in the distribution of willingnesses to pay ey

between the two countries which allows the two firms to push their Tox

P . s v"' ,’ N N 8 ’:\ .
N .««‘, - -

qualities apart, and further aVOid the price competition between them,
N2 ’ 'woul& tend:zb reduce the benefits of the trading eqﬁilibrium

- K]
y PO

Thus all consumers 1n each country gain as 4 result of the .

J‘fjﬁ~‘ .- competition between the two firms brought about by trade., These gains,

- . - . i
. . .

o 2'4 : } are shown £0 be larger between countries with narrow distributions of . N

IR willingnesses to pay for quality Any differences in the distributions of
- ‘ nt ‘e . ‘ - . / ~ '\ ‘
oo D ST willingnesses to pay between the two countries allows firms further scope to’

. . .
‘ \ . -

differentlate .their qualities to avoid price competition, which reduces

L} L]
4 g
- ‘the gains from:trade. ‘ : ' e S '
B ] “ 'y ’ + R . ¢ . P
N . , N . B . . P T r N ,
PR o t ~ ’ ¢
- 4 , A
D ~ ., , -
.‘ - < ¢ ¢
s . .
, i s . N
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5_ \\B*i~uc,8ummary and Fonclusions s - ‘,":,"' z”\\\\¥ | .
% ~ - - . This chapter has examined the ,consequences of opening. up trade-

between two economies characterized by the basic modela_of'quality~
ro differentiatﬁd goods-production,~whére consumers in~each'country are |

R N
v uniformly distributedféver their willingness to- pay for quality

In each country in’ autarky,&the equilibrium price and qua ty

.

. J“ . )
depend on the distribution of willingnesses to’ pay for quality. Consumers
benefit more from wider distributions in which lower willingness to pay

.  -— @ consiiers.are served. . . .

combination offered to consumers by a domestic mqnopolist is shown" to :',h
. . .

SRR "’,

P _ . . 1 o - - -

’fﬁﬂ‘k\ ; .. Once trade‘opens; the two, mdnopolists are shown to compete as
. duopolists over price‘and quality for consumers in each“country 'For the |
7~ . o '

.\' . special case where the distribution of willingnesses to pay is the ‘'same.

in each country, trade causes the two firms to push their qpalities apart

: (bf_.';v from their autarky levels, to minimize the price competition between them._
oL

,'-:\f Small differences in the distribution of willingnesses to’ pay between the

[ AN
NN . »
.

ei\\ which further reduced the price competition between them
~ . Q'\'

<\\”n' . '.: two . countries are’ shown to push their qualities slightly farther apart,

¢

- ' ' All consumerJ are shown to. gain as a result of the competition T

. .,,.ﬂ/‘.,a" . \
: - brought-about by trade. 'Theseigains are‘shown ‘to. be larger between PR

“ .\\ .

countries with narrow distributions of. willingnesses\to pay for quality,

“, 7 as the scope for firms t\\d~fferentiate their qualities to avoid price
YO -

competition is reduced ‘\Differences between the two countries which "‘

" -allowsthe firms to further differentiate their’ qualities reduces the

gains from trade.' - T S ..

v
.4

A




w o Appendix ~‘Trading,Equi' 'ia FOr'All Distributions‘

The trading equilibrium described‘in\this chapter was developed

¢ 7

under the assumption that the distribution of wi\lingnesses to pay for

quality in the two countries is sufficiently narrow such that in

{

, equilibrium, all consumers are. served . This appendix explores the

trading equilibria that result for wider distributions in which tﬁ///
lowest willingness t0‘paygconsumer may not.be-served. C // ]
Encluding‘the.lowést willingness to pay consumer; however,'is
shown to cause kinkedipriee reaction functions which greatly complicates
: . - -

the quality setting equilibrium. Computational methods are used to- show
b 4

“y

‘that - while trade still causes the two firms to differe%}iate their

qualities to minimize the price competition between them,\discontinuities

(A

and multiple equilibria now/result. \\“:1 N

The source of the difficulties stem from a kink in the market demand

vcurvg for the low quality good at P 1 l’ shown at point F in Figure 4 15
' S
31 cause uf\g?:

:fhigher willingness‘h\ pay . consumers who Were buying k to defect to k

. Below point F where all consumers are. served increases in P,

Ty . t

M

‘-At point F howaver, increases in: P1 now cause the lowest willingness‘

1
*to pay consumers who were buying kl’ to stop buying altogether, in

I addition to’ causing the defection of higher willingneSS to pay consumersd

2
discontinuously at P = e k.

’ to'k‘; Thus the marginal revenue lost from an increase in Pl’ jumps

1 1°

Below Pl ' 91k1’ where -all consumers are served recall that thel'

fOptimal response of the foreign/firm to incr s?S'in P2 is,given along .
R

¢

:,the price reaction‘function derived earli‘r.
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2 ,
o ey - 1
o mred -0y kl’
) . \*~ "- .1 l B .‘ .2v.‘ 4
. which "is shown below point F’Z 1n Figure 4, 16, S 3 K SRR

‘At:Pl = élkl’ however, the discontinuity in the marginal revenue

' 1ost from an increase in Pl generates a vertical section in the foreign

o z
firm's price reaction function, shown between points FQ ‘and F in o -
Figure 4 16 where it pays to hold Plfixed over some range of P

'.. which is simply vritten as's . - : .o - 'T\ A» D
. \. ) .. P ’ .
43) By =8l
&
. z 2 . .
Above P1 1 l’ where lower willingness to pay consumers are

excluded, the foreign firm's price reaction function is derived ag:

L

) P Poky * ckyky R , -
o ,‘.‘ ',2 ' ' ‘1‘. : - " ‘ ' Acll .

.- PRI
)

which is shown as the upper section beyond point F in\Figure 4; 16

. Excluding low willingness to pay consumers has no- effect on the
market demand for k2, and consequently no effect on the,home firm s price iﬁi\‘L
‘reaction function which ‘'was given earlier by ‘ |
Do P +'ck2'+ a’(k"‘- k') .'
‘ . 2 ' v 2‘ ’ >
e I S e
It is relatively straightfoward to. show that the home firm 8 .
‘h‘price reaction function will cut qne of the sections of the foreign firm 8
5 Y *
‘ price reaction function to yield a unique price satting equilibrium fpr
. , : , 4\ T ! B ‘,‘ . \\. . “.’ -
oo . ) ‘ ’ "//f h . . s
‘ L3 ' ‘4' ) "::%" ' . ~ ,"‘y ’I.. "A ' s °
- iy . T

.y

e

N A . P . N L .
. S . R
e T L . .



'f"giren 1eve1s‘of quality.' Where the~intersection occura will depend on’

hoth the distributiOn of willingnessea to pay, and the levels of quality

‘/_chosen. . S . ’ i
R )
The condition whieh eggures that the price setting equilibrium

falls along the lower section of the foreign firm g price féactioﬂ«function
K is found by solving for the - intersection between (44), (45) and (47), éhown i}.
at point F2 in Figure 4 16,which gives. '
: \\_" . L 4Q.. '.‘ o .

:48) 02 (6 - quk (6 +. Bl)k + ck% + 2cki

s

‘Similarly;'the cbndition uhich ensures that the.price setting
equilibrium falls along the upper section of the foreign firm 8 price

reaction function is found by solving for the intersection of (45), (46)

4

cand - (47) shown at point T in Figure 4 16, giving' :;

-
<

49) Q’éuChz ) éel?kz - (62 ffgl)kb~+ ckzxi 2cklk2 -

fi - o Should the distribution of willingnesses to pay and the levels of
quality chosen be such that both conditions (48) and (49) fail to hold,
then the pricing equilibrium°falla along the vertical section of the e

; foreign firm's prica reaction function.« -d'- |

Solving fot the quality setting equilihrium, however, is greatly -

. ’ complicated by the kinks in the foreign firﬁ“s price reaction function.

v , “Each section of the foreign firm 8 price reaction function must'he used

'

A separately in conjunction with the home firm 8 price reaction function -

to solve for the quality setting equilibrium. The equilibria derived

.~ . .’/’

B s o L . ' o P i
. v . N ‘. . - ‘
B - . . . 3 B . . F
. . - . s L 0 o, oo 0 :
. . .y N P
4 . .o ' . t. , i PR



'the computations, it is assumed that 62
Tt

. 'for quality which satisfy condition (ﬁ8) is shown between points A and B

?Aand A and . B2 in Figure 4 17 for kl and k respectively.. Distributions
'.functions to intersect beyond Pl » e kl‘ violating conditicn (48) This
*:foreign firm -8 price reaction function.;
”between ‘the distribution of willingnesses to pay for quality aasumed

o for the two countries, and the equilibrium level of quality produced in

'autarky. 7‘

‘for each section must then be checked against conditions (48) and (49)

.‘to detetﬁdne the distributiOns over which they are well specified The ’

eaeh dominates. ; _."

ol

The analysis is further complicated hy the fact that each firm 8

quality selection problem is" highly non linear over the vertical and

‘“T upper sections of the foreign firm s price reaction function. To allow f’

for comparison between the equilibria that result over each of the three

*hsections, a: nonelinear equation solving computer program is used to
. compute,the equilibrium levels of quality for each of the sections over

‘various distributions of willingnesses to’ pay for quality'6’7 TQ simplify .-

F]

= c = 1 and G = 0 o

Beginning with.the lower section of the foreign firm s price

"t reaction function, recall that the relationship between the equilibrium

~.

‘1evels of quality produced and the,distribution of willingnesses to pay

— e,

i

.wider than el = .5555 at points BI and B2, cause the two price reaction f

..

'causes the two firms to begin cqmpeting over the verticalesection of the f

i

The heavy dashed line in Figure 4, 17, gives the relationship

WL

. Q-,

Y
A

'various equilibria msy then be compared to determine ovér which distributions L

1"._; ’

P [ ~ o *
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94
4 tv,-ﬁ",'ij" " Now consider the verﬂgcal section of the foreign firm R price o o

Vreaction function, The relationship between the equilibrium levels of

quality and the«distribution ‘of uillingnesses to pay for quality which

* cauge. both conditions (48). and (49) to fail is shown between points :J}

a

Cl and Dl’ and 02 and D in Figure 4 17 for k and kz respectively

o _‘ Distributions narrower than el ‘ 3846 at points C1 and C2 cause the AU .

two price reaction functions to intersect below the lower section of the o

' foreign firm 8 price reaction function, satisfying condition (48). This /J(

causes the two firmé to begin competing along the lower section of the

-

foreignofirm's price resction function. On the other‘hand distributions

wider than 6, -.3333 at paints D, and D cause the two” price reaction o

1 X 1
fundtions to intersect above the upper section of the foreign firm 8 : -
price reaction function, satisfying c0ndition (49) This causes the . \\r—j”;ﬁ
| two firms to begin cOmpeting along the upper Section of the foreign firm sf

) price reaction function. '

Allowing the %ro firms to optimize over the upper section of the

,.,-s,
"

foreign firm 8 price reaction function where 1ow willingness to pay _g" ._’ )
consumers are excluded~ results in the firms choosing qualities o o
independent of the distribution of willingnesses to pay for quality The fh 13%3‘
"h,’ 1: “;;' equilibrium'is Well specified for all distributions wider than 91 = |
R shown at points El and E2 in Figure 4 l7¢ Consumera with willingnessea

.3763 ‘

to pay below 6%&! 3763 are aimply not servedi‘ Distributions narrower

than 91 _..3763 which cause the.reaction functions to intersect below

‘

o Pl l 1, such that condition (49) fails, cause the two firms to compete~_
U

OVer the Vertical section of the foreign firm B price reaction function..'

4 -



. Having‘determined the distrihutions over which the equilihria ) éj'

;derived for each.of the three sectiona are well specified the Various
”; equilibria must now be compared to determine where each dominates. This' o

'_involvee plotting the profit functions of the two firms at various points 1ﬁf

'and checking-for concayity. '

- " The foreign and.home firm's profit functions for the eduilibrium;‘=

- described at points'A a'nd‘A2 in3Figure'4jl7' which just satisfies

1

condition (48) along the lower section of the foreign firm 8 price reaction

function, are shown in. Figure 4 188 ‘The foreign firm 8 profit fuhction

I (k ), which 1is constructed for k S k is well specified for kl i,‘
which coincides with k Similarly, the home firm 8 profit function
1o (k ) which is constructed for kl 1, 18 .well. specified for kz ;;

which coincides with k ' Below kl, ny (k ) 1s. the’ foreign firm s profit v

function defined on the vertical section of the foreign firm ] price )
e S

o function constructed for k2 = kZ’ and above k2’ ny (k ) is the home . firm 8

l profit function defined on the vertical section, constructed for k = kl qr;.

I )
’Since H (k ) > 0. and H RS 0 it is clear that the equilibrium described

Ao
PO T

at points A and A2 is well defined., Q,’ ’ N ':v‘? .
. ) S

Between 61 5555 and 61 .3846 however allowing the firms -

to optimize along the 10war section of the. foreign firm 8 price reaction

s
pushes them on to the vertical section, and vice—versa. Rather than
allowing the two firms ‘to cycle back and forth, one might expect them to
settle down at the corner of the foreign firm s price reaction function.

»

' Accordingly, allowing the two firms td optimize along the lower ; T

: section of the foreign firm 8 price reactipﬁ'function subject to the

!

. constraint that condition (48) holds/with equality, gives the equilibrium

«u SV ot
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97
levels df quality as a function of the distribution of willingnesses to

pay, shdwn between .points B “and B and B and B in Figure 4, 17 for

1 2

ok
'kl and kz.respectively. For.distributions wider than 4. = .4690 the

1
-

foreign firm's profit function is no longer concave at kl’ as shown in-

Y

Figure 4.19. ) Notice that at point B “the slope of the foreign’ firm 8

profit function defined on the vertical section is zero. For distributions '

r‘\s

:wider ‘than ei‘ . 4690, H (ki) <0, which causes the firms to move away

)

from k and k2, onto the vertical section of the. foreign firm 8. price
reaction function. ' '

o Similarly, allowing the two firms to compete over the vertical
section of ‘the foreign firm s price reaction function subject to the
constraint that condition (48) holds with. equality, gives the equilibrium ”

levels bf quality as a’ function of the distribution of willingnesses to

<

pay, shoWn between points C and Cl’ and C and C in. Figure 4, 17 for

1

kl and kZ respectively For distributions narrower., than 61 4784

: the foreign firm.s profit function is not concave as shown in Figure 4.20.

4

Notice that at point Cf, the slope of the foreign firm's prpfit function .
defined on the lower section is zero . For distribugions narrower thar
l 4784 T 2> 0, which causes the ‘two firms to move away from

kl and k , onto the lower section of the foreign firm's price reaction

In Figure 4. 21 it is easy to see that both firm 's profit functions

l

| are strictly concave at k and k - for the equilibrium described at points"

.. C and C in Figure 4 17, where - condition (48) is just satisfied for the'

I

: equilibria derived using the vertical section of the foreign firm 8 price
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.

f‘,g’

.reaction function, until 61 =-.33339at,points,D

at k

equilibria described at points E

, &; , ,

Vo (',‘ . ,:-T_' »f‘;.‘—":'?;43;£-‘f"~'—’» "’ “'99 ‘ ’
reaction function, Also notice that Hv(k ) is only ‘well specified for Ve
kz < k 2, where k just satisfies condition (49) evaluated at kl

8
Above k1 19 (k ) is the home firm 8 profit function defined on the
upper section of the foreign firm ) price reaction function, where
H (k ) < 0. For 61 = .3846, evaluating condition (49) atvké shows that
k<0 L S | | | |
As the distribution widens beyond' = .3846, the foreign and home _

1

=

firm 8 profit functions remain locally oncave at kl and k for the

equilibria derived along the vertical section of the foreign firm '8 price '

o

_l_and Dé_in-Figure 4.17,“ )

N

where condition (49) is just satisfied. The.profit'functions~for the

firms at points Dl and D2 are shown in Figure 4 22. . Since:k; now coincides

with k2 and the slope of the home firm's profit function defined on the

upperfsection at k is.positive, the two firms ‘'would begin'to compete over

e

-the uppEr section of the foreign firm's price reaction function. For slightly‘

‘u

‘narrower distributions where’ k k2’ and H (k ) > O the home firm 8

profit function my (k2) is concave as far as k B and thus the equilibrium

2'is well defined .at 1east locally; ?

Finally, the foreign anduhome firm s profit functions for the

1 and E ‘in Figure 4, 17 which just '

satisfy condition (49) for the upper section of the foreign firm 8 price

reaction function are shown in Figure 4. 23.‘ It is easy ‘to see that at

u

3763, where Ky coincides with kl’ and k2 coincides with k 9 neither

l L

: profit function is concave as H (k ) < 0 and’ H (k ) <\0, causing the ’,f .

o

two firms to begin competing over ‘the vertical section of the foreign firm s
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7

frice re&ctioh function. ’ﬂs‘the distribution widens, both k and k fall

1

: below k and k respectively, with the result that. both I (k ) and H (k )

_are concave over. a wider region of k1 s and kz's respectively.

Thus it is possible to show*that a quality setting equilibrium
exists over ‘all distributions of willingnesses to. pay for quality. - From' -
Figure 4, 17 it 1? easy to see” that while trade still -causes the two firms

to push their qualities apart to minimize the price competition between

them, the kink in the market demand for thé’low quality good caused by

excluding the lowest willingness to pay consumer, results in discontinuities’

and multiple equilibria, which greatly complicates the analysis.



~ Endnotes - :.’:,l N "': SR T A‘Y'i. R

‘ competition between the two firms and reduces profits,

" This is a‘local resu evaluated at eh d 8; 8
. this should still: hold for larger differences between the two-

- ~a
very complicated. o . : o
”It is- interesting to note that §liding both distributiOns along

. “IMSL USERS MANUAL

Chapter-5 returns to the effects of trade on majority ‘and: minority

,_%P?ed for each

<w1-ution, with

country is characterized by a right triangular dis

one country having a majority of high willingness to pay consumers, C

and the other having ‘a majority of low willingness to\pay consumers.

Once trade Opens, howeyér, the two triangular distributions are

“

assumed to .sulm to a uniform distribution, which is the subject of

-this chapter. N ‘!' .j i R

2

_,Proceeding in this way requires ‘that .no arbitrage take place

i between the two countries. Accordingly, each firm could be

thought of as holding an import licence, not available to consumers,

Notice that sinée 8 -is increasing in- k and decreasing in kz, each

firm attracts consumers by producing a higher Quality good for given )

prices. This contrasts sharply with horizontally differentiated

::goods models where firms attract consumers by’ pushing their ~'”ﬁ_‘

varieties . closer together. As will become clear in a moment,

pushing their qualities close together intensifies the price

.-."

' f h £, 'ﬁﬁile

1,1‘ z,.z"

countries'-the second order conditions to ensure existence become

in. proportion causes”the qualities to increase by ; e

other way, such that the marginal revenue lost from a"price increase

jumped up-at’' P = 8 kl, the result would have been ‘a hole in the ,f

1

‘foreign firm s price reaction funetiOn, and. non—existence problems. S

o The program used is-a very simple Fortran based Subroutine called ‘
' ZSPOW, found in the’ IMSL software library Impﬁ,menting‘ZSPOW was'(

rather straight forward using the clear examples

'rovided in the

‘1[ Notice that if the kink in the market.deman//cﬁrve had gone sthe ';h-‘.

oL
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The derivations of each firm ] quality sebting first order
conditions, for the vertical and upper sections are a bit. t00 » ’
tedious to reproduce even in an appendix. The analytical equations -
and the computer estimation of them are all readily available fromt

the -author upon’ request.

Notice that not only does each firm serve exactly half of the total
number of consumers, their profit is also. identical for all
distributions along the lower section of the foreign firm 8 price

reaction function.

b L
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"fpay consumerSiwho are in-minority, are~never sefved Consequently all

consumers extract more, net benefit An- the foreign countffkﬁhere lower o

l:which lower willingness to pay consumers are served.‘

©° . CHAPTER 5 =

.- DEMAND DIFFERENCES 'THE LINDER HYPOTHESIS, AN - - T

- TRADE IN QUALITY DIFFERENTIATED GOODS

FRY

- 1s ‘A Introduction o S Y S I D

~ N A

This chapter considers a rather speciaI variation “of the model of

"trade in quality differentiated goods developed in Chapter 4 which nicely

highlights the role of demand differences in determining the pattern of .
trade, and its effects .on individual consumers in each country._

) The distribution of - willingnesses to pay for quality assumed for
' 1 P

- each’ country is nOW'characterized by a right triangular distribution, with

-

“

"_'the home country having a majority of high willingness to,pay consumers,

and the foreign country having a. majority of low willingness to pay

v

':consumers. The range of willingnesses to pay for quality and the total '

o
-

ipulation in each country is asaumed to be the same.l
/

As a result of these differences,_the equilibrium levelﬂof quality

-

' offered to consumers by a domestic monopgaist in autarky, 1s” lower in the

LY

_foreign country, than in the home country, where the 1owest willingness to

* 4

s

' willingness ‘to pay consumers who are’ in a majority Warrant being served

o

which is analogous to the reSults of Chapter 3., As 1n Chapter 4, a11 -

consumers in each country benefit more from yider distributions i,

4
. N " -




‘fringe of the representative demand in the other country..v

-

Once trade opens, the two triangular distributions are. assumed to

sum. to. & uniform distribution, and the analysis proceeds exactly as. in =
ey .

Chapter 4 Trade cauSes the two firms ‘to push their qua ities even

farther apart than the autarky 1evels found here, thereb minimizing the

L . : C
price competition between them. . ) -

'e production of |,
> 4

In equilibrium, the foreign firm specializes in

~the low quality good which it exports to. low willingness to pay consumers \

who- are in a minority in the home cg%mtry, while the%ome firm specializes :

in the production of the high quality good which it exports to high

.

willingness to pay consumers who are a minority An the foreign country.

* This pattern of trade is very much in the spirit of the. Linder

M v

'hypothesis ‘as each country 1s producing a level of quality in. keeping with

- its representative demand which 1t exports to consumers who are on the

-

B A
P .~! ’

In, contrast to Chapter 4 however, it is shown that for the widestf

.distribution of willingnesses to pay considered low willingness to pay

consumers who were able to. extract positive net benefit as a majorfty

- from the foreign monopolist in autarky, derive leSS net benefit from the

ireduced level of quality they buy in the trading equilibrium. On the f"f

%

/other hand higher willingness to pay consumers who ‘are a majority in

the home country greatly benefit -from the competition brought about by

‘trade. Thus the majority of ‘low- willingness to pay conSumers “in’ the ,‘

-

foreign country stand to lose the most from trade,‘while the majority of

.high willingness to pay consumers in the home country stand to gain the

L

- .- most. . ' - _t' . Cos o ’ o : AR
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VA

s - ~:_- As the distributiOn ‘of willingnessea to pay for quality narrows,

\u

all consumers gain as a. result of the competition brought about by trade.(;

These gains are greater for all home country consumers than for foreign o
~.f”<:’ . country consumers over sll distributions which simply reflects the

fact that they were able to extract less net benefit in autarky.

The chapter is organized as follows In Section 2, the: basic fij‘

model of quality differentiated goods production developed in Chapter 2
is briefly outlined‘ Section 3 examines the equilibrium price and quality
combination offered to consumers in each country by a domestic monopolist

" in autarky. Section 4 briefly reviews the equilibrium thatlis reached‘ d

-~
.o

once trade opens between the home and fOreign,economies. ‘In’ Section 5,._
the trading equilibrium and autarky equilibria are compared to examine

) the pattern of trade and its effects on’ individual censumers in each ‘o

country.- Section 6 provides a brief summary and concluaions.--,“,;

Y

2, . The BasicModel ‘“';:',”.:j,"i K .1‘Y o iinJ'

In each coéuntry, production is carried dut using a single factor _

5; of production, labour. Quality differentiated goods are produced by a
- monOpolist with decreasing AC in output (i e., fixed costs and constant MCZ.“
= ’ | 11 in output) and increasing MC in quality. To allow for explicit solutions,

‘ the cost’ function ié‘assumed to take the form. . | »

. : A . . “ “2" PN ’ o - ‘ E o N A""- : . ' .
B LA T I N R LT

"where X::i 18 the'quantity of good j produced’/hi'isAthe'quality”of good‘j,a,'

B




where EJ‘ kj 1, cki is the marginal cost of pfoducing good j, where .
. \c > 0, and G is the fixed cost required to produce a quality differentiated

BOQQ -a ST - ,"

.8

N All other production is devoted to -a composite good Y in a.

‘ *perfectly competitive sector, which is used as_.

,eraire. There are no. -

cost or compsrative advantage»differences betweenﬂ he two countries.‘f
"z'; Each country is populated by M consumers who differ in their f
, éwillingness to pay for quality._ All consumers in each country are

'a‘assumed to hsve identical incomeqcomposed of*iabour income and a per'“‘

*

wfcapit& share of the domestic monopolist 8 profits. Consumers allocate

e 'their income between expenditure on: the ‘numeraire, and on one unit of a

A

'v:quality differentiated good by choosing the 1eve1 oﬂdhuality which

- provides the 1argest net benefit to be had from consuming a quality ,iff'

°

;Jdifferentiated good Ieaving expenditure on the numeraire to be
'Tdetermined as a residual Net benefit is defined as the difference
'1f”between what a consumer is willing to pay for a quality differentiated .

. good and its price, written as'A'

LD (R = ek

jky B

j"-. ; i .'.‘ .‘ - X l. :' - o '

S

where e is a representative consumer i's valuation of a unit of quality,..
and thus e kj is consumer i 8 valustion or willingness to pay for good j
Should no quality provide consumer i with non—negative net: benefit, then

he would simply spend 311 of his income on, the numeraire. ”' .
) L, o '

P SR
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The market demand for any particuIar level of qu°ality depends on

N &

both th‘e distribution of villingnesses ta pa""" or quaiity, and - on the -
“-iz o \mtiety of pr, ce and quaIity combinations available. :'..'. 7 .
'. . : ‘ ’rheidistribution of. willingnesse?lto pay fpt) quality assumed ft:r ‘
h ,* : -a-:';each country is characterized by ‘right ;trien’gular: distribution with
: A the home( country hevin“':!a majotity of ’aigh willingness to “p&y~ consun;ers \ _
-.: consumers, where the range of;‘.willingnesses to \pay is the name~ }nleach -
i - - In. th@iome country the density and cumulative density functions
E x’are giVen by°~ xk.l;%x‘ F\ e DY "Tl&;*) '%}" B =
LT R 2<e“— el')” T el

--,z_el +.e)-(ez ~'8y

g g(e) ‘ R 3(627 - ,‘0:‘-7‘:-1"1.(91)"", 100 %
. 9 A ) . RS o N = e
- ‘ L _ . ,"‘ ) (62"‘ 61) L .,: L S T J . ‘ ) 3 .

e

- R o ) ’; T oL L A\':‘:‘>'.
: S .t - AN . PR : .“" . .
.ar-‘ P ’
A

B whe‘té*ez i, is the highest and lowest valuations of a unit Qf quality

N

o ' ' in& either country respectively.i In the foreign country, the density and
cumulative density functions are given by"" » C e ;.' i
* ,;.‘ ' . ':‘. X ’ B . ‘; ." R E (’\4 ,

0, ), ,

LW TTE) = e, E(8))n 0, fte ) —-—:———~
N o8y e T (270

: zﬁ ‘ ffi“; ‘ 71.’ w . (92 -~ 6)2 ‘:l.-',- ‘e ) #?‘L._ ‘.jg ~ “ A_"? ‘ S
S F(B) - —'--*——*—5 o F(O,) =0, L F(E)Y =T . LT

.
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. 7 \
No otnet.diftetencec may ;;ise betﬁeen the two countrieé. .ihe _~j
density and cumulative'functione for‘the‘homegand foreign‘countriee are
’ shownvin Figuten‘s.l'and 5.2 reepectiQely; |
: e .f

Autarkf Eguiliggipm -

,
Having descriBed.consumer‘behaviopr and the costs of productionm,

tbe’monopolist's optimal price and'quality selection.problem can now be

solved for each COuntry_inAauterky. For coﬁvenience, denote kl and k2’

as the qualities produced'byqthe foreign and home monopolist 8 reppectively;
n ")4 ) . N * N ".. - - ! ‘ < ’

P

3.1 'Foreign:Country:'

The monopolist 8 problem is solved as a two stage game.» In—the
— —.’first stage an optimal pricing rule is derived for a given 1eve1 of
‘ ,. quality. The optimal priciug rule is then used in the ‘second stage to ,
re—solve the firm 8 problem for the optimal level of quality Fixed costs
'are assumed suffidiently high gp prevent the monopolist from producing a -
' second level of quality. L S 5 S

Recalling the consumers decieion“;\le (2)'and*the eumulative:

",idensity function frOm (4), market demand foﬁ a single,level of quality

'in thd foreign'country is given by




S

S B N .
Using the demand function' (5) and the cost.function (1), the

~

pricing stage of the foreign monoﬁolistfs problem for a given level of

quality is written as:

2 - ck? ][e - P ]2M : S
- ,

_6) . Max' q(p)) =
% 2 AR )Zk

'

’ Differentiating (6) w.r.t. ‘P_ and solving gives_the foreign firm's

. 1

_, optimal pricing rule:
ek, +2ekd L |
7y - ‘ P*‘g 2_1 S 2 =
1. 3 ' ’

T . ’ ' . PR ]
where P1 just balances theé marginal revenue lost from a price increase with

the savings in marginal cost, The. profit function is concave in Pl;for

20,k + cki - T _ . S
:Pl S vhich is satisfied at Pl._ The equilibrium (7) is shown -

'-:és the déshed line failing between. the nighest willingness to pay consumers.

willingness to pay ray, and the marginal cost schedule in Figure 5.3. - It
... 1is. implicitly assumed that - the distribution of willingness to pay is ,‘

e sufficiently &ide such that some low willingness to pay consumers are
3 ,

- excluded.

The second ‘part of the fqreign monopolist s problem 1is solved by

substituting (7) back into the profit function (6), and differentiating

4

w,.r. t k which gives. N

Lk 92
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consumers willingness to pay ray,‘and‘the marginal cost‘schedule; Thus

- in equilibrium,”quality is chosén as though all. consumers were the'marginal

113

. ) 9 . :
. The profit”is concave for klgyE% which ensures that‘kl'iS'a

. maximum, e

o .
- <

is found by substituting (8)
G0

‘ The equilibrium price charged for’ kl

into the optimal pricing rule (7) which gives._‘

2 T

1

® ' : ' : :
If el’identifies the-foreign country consumer who is just.served

) ’ Tk ke
in autarky such that 6 k

1- Pl = 0 then using (8) and (9), is given by
* . : . . oo
10) e, = Z ' .

Thus assuming that the distribution of willingnesses to pay is

*
sufficiently wide such ‘that 6: < 6.7, then conditions (8), CR and (lO) co T

1= 17
N
describe an autarky equilibrium in the foreign country where [e ‘] is

2

the set of consumers who buy k at price Pl, while [9 »0. ) is the set of .

1

' consumers who are not served The equilibrium is shown ‘at point A; in .-

1

'Figure 553. 'Notice that as 6 is the marginal consumer who is’juSt served

1
9 ’e*. )
9y 0

- in autarky, k., = yrdalic ot maximizes the difference between the marginal"

1

i
-

’”

consumer. S ) . co
‘ ’ g ’ : ¢ : on

For narrower distributions where 61:> 61, the equilibrium price

' -

and quality combination offered at point A in Figure 5 3 is clearly not

optimal, as profitscould be increased by raising price to-6.k,, and further

1 l
increased by altering quality.

BN
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When serving the 1 \M/t willingness to pay consumer, the pricing
) ,rule""is simply given y A
sk

L ;‘": - ) e ' ’ . '. . *. ) . - )
"f\\\fince the pricing rule constrains'Pl to fall_along the 1owest -

: willingness to pay: consumers willingness to pay ray, ‘the optimal level of

o -

quality maximizes the difference between his willingness to pay ray and ' -

the marginal cost schedule giving. ) .

(-
. - A/
.

. w, . -
. e . !
.- P ¥ -
12y ko o= o=

. . -
+ . . Y B - -

n'When'all‘ébnSumerS'are'served the. profit function is stricfly
concave'ih‘kj ensuring that kl is a maximum
From (ll}sig,is easy to see ‘that the equilibrium,price charged

'for‘kl is::‘ﬁl, - - L CL . . -

., > . 2" . - .-' N ' o ’ ) ? B i i
) - Y

. ]
i

.- . -

= . < e

Thus conditions (12) and (13) describe .an autarky equilibrium in .

-

Pa—
- P

which all consumers in the forqign country by kl at price Pl" The locus
‘of equilibrium price and quality combinations is shown as the heavy line - AQQ 7

between points A and A in ;Figure 5 3.

rf'x The- relationship between the equilibrium level of quality produced '

, n

. o

'3T:: ay for quality is summarized in Figure~5 5. Thus for ai s 61,

quality is
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fixed at k ._.For'el > el, kl convergés”to k = —z.at poiﬁt A.

2%

Is

1 c 2¢c

"-l-\

‘--\

L Using the equilibrium conditions for price and quality, and the

definition of net benefit (2), the~welfare implications of the autarky

equilibrium for foreign country consumers .are summarized aé ’

.
.
7

3 ' : 8_(20 < 0. o L
18 ey = .i££-;4_~§1 , g N :
N i I : 8 C, l - 2 . . o ,: I3

. o L5 .
~£for.91 #3 92, and the dasbed 11n@~labelled AlAl
) Gl Q. R iy
: ider distf&butions wheré he
vy '»;i, . ;‘ ‘.. . F’ : . : :
It is‘worth noting that beeause of‘their maJority;‘iower willipgness
oA d 4"1‘.\’\-‘ . kR .
¥ to pa& consumets are served over a wi@ex%rabgé\of distfi'uti
ﬁa ‘“, ‘.: Afi‘consﬁmers“ere ccrregpondingly
,:',:'\ A, . . B



3.2 Home Country = .. L . :

Y

-. The home monopolist s optimal price and- quality selection problem

’ -

is” similarly solved as a two stage game. oL ,' >

Recalling the consumers decision rule (2) and the cumulative density
- function from (3), market demand for a single level of quality in the home

country is given by: o o g : L ' S

261k2 + P ][9




&

. It 1s reedily apparent from Sl7) thst there is no simple pricing

mrule independent of 61 as" vaa the case in the foreign countryw: This _f,u

&’

follows hecause there ‘18 no clear cut~off point where 1owér willingness .
\ - . J\ :? -
" to pay consumers are served "as it neVer pays the home monopolist to serve
./“ n .

. the IOWest willingness to pay conaumers who are in a. minority ﬁ

Rather than trying to substitute (17) back into the profit function o
R N * ’
and differentiating to solve for k2’ recall that in equilibrium, hz

- maximizea the difference between the marginal donsumer s uillingness to

‘/‘

pay~ray and the marginalueost schedule. If 6 1dentifies the home*country

. consumer who is just served in autarky where e k

*
8k, “2, then k2 is given by.

ot

Substitutini into 8 k O frbm (18) and the pricing rule (17)

o
S £y
;ehd’eolving identlﬁ;es the margljrl consumer as:’

o 1
2

e n

2 1

. ) ) ) 3 4~ N
PRI [ee - 169 9, -+ 98’ ]

4
. The'equilibrium price charged for 'k, 1s simply: .-."

v,

T
Fra¥i 2 o
opF

7\2C ~

B

Thus conditions (18), (19) and (20), describe the autarky‘

B
' . / B ‘e s L

‘ equilibrium in the home countty where [32,62] is the set of tonsumera o

Ioe




o

.

Y

n .- , . . -0 \
- . I . co- Tt
(I

\\\ who buy k at’ price PZ’ while [61,6 ) is the set of consumera who‘are u

N

not - served The equilibrium locus is shown between pointa A2 and A in
- F

:”Figure 5u4 whére point A is the equilibrium price and quality pair for ﬁg ‘

N . j,{ L. . . N . . . -
- J,-‘ STy, . R . [ - T o

|

57f‘p-b ,The relationship between the equilibrium 1evel of quality

3 , ll»:
W

y produced in the home country in autarky, and the distribution of '

"f /willingneSBes to pay for quality, is summarized in Figure 5, 5 between

o

S points AZ and, A“ LAt point A2 where 6

T

< ]

‘\

. 8
% :
i 0, kz - /% —cz- which is greater-

.
¢ UL: : . ’]\,..

than k1? Thus in the Linder sense, each economy is: producing a level

«Jqof quality in keeping with its- representative demand ':3" f:' “‘ w'

J:; Using the equilibrium conditions‘andfthe definition,of net benefit,

. '{7/ Jr .

the Welfare implications of the autarky equilibrium for consumers in the o

]
NS

home country are'summarized as.

These effects are also summarized in Figure 5. 6 The solid line

labelled A A represents the net benefit derived by home country consumers

272
for 9l ; 2, and the dashed line labelled\A2 2 represents the ‘net benefit

‘-

deriVed by consumers for 91 Z 'y Aa before consumers clearly benefit =
[ W N

from wider distributiOns where the lowest willingness to pay consumer is

- . e . . . :
. . . e, . AP '3

served. ,L T e B ol 0

LY
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The benefit derived by all consumers from having a significant .
. -
population of low willingness to pay consumers is clearly evident from

l'Figure 5 6, where foreign country consumers are clearly able to extract

e more net benefit from their monopolist than in the home country where .

.‘;€%~'"ﬂ 1ow willingness to pay consumers are in a minority. e

A

T4, Tradi ng Auilibrimn E

Once trade opens, the two monopolists are assumed to compete as

Ty

" duopolists. aver price and quality for consumers in each country~ As the o

'\twoytriangular distributions are -assumed to sum to a uniformidistribution,

',the analysis followsldirectly from Chapter.4

1

The'equilibrium is solved as a two stage game. In the first atage
a Bertrand»Nash prifing equilibrium is derived for—given (autarky) levels
':of quality.‘ In the second stage, the equilibrium pricing rules are used
- to solve for. the quality setting equilibrium assuming that each firm o :;~'.
conjectures that the quality of the other firm is held fixed ; | A ullpﬁ”
sIn the overall trading equilibrium outlined here,§the distribution-
¢ . :
of. willingnesses to pay for quality is assumed to. be sufficiently narrow . -
such that in equilibrium all consumers in each country buy ‘a quality
' differentiated good. . The complications which arise for wider distributfons ]
,are examined in’ the Appendix to Chapter 4 | ;: -
Consumers ‘must now chooae between the foreign quality kl at price

1,'and the home quality k at price P Recalling from -(2) that consumers

2"

1choose the level of quality providing the largest non-negative net benefit
. i ;

,,let 6 identify the consumer who is just indifferent between kl and k2 such

e
-
:
.
o
;
z
?
;
¥ AL
;
2
H

¥ ad




i “thet 6k, « P, = Bk

. d/azz) e ‘-v—-—-.—v-]—'- , . . :.-..L I

«724)" n(p )

.‘closer together T _j .;"j L

written as.

26). Max,ﬂﬁ(P;).é

¥r 7Py T Py By MhRER EYERS
KT Ry |
ot L2
Since all consumers buy either kl or kz, the market demand functions

for each are,written .48

-

-

e (e .8 )zn _“‘:,"*f. o

(92.; é)guh'
R

Notice that each firm attracts’consumera by increasing its quality,
for given prices, which is in. sbarp contrast to horizontally differentiated

goode models where ﬁirms attract consumers by pushing their vaﬁdetiesa

: )‘ l'i .

“i . Substituting 6 from 622) into (23) and (24), and using the cost

function (1), the first part of the foreign and home firms' problem is

-

.!“ a/f-.’f’l Q

: ‘ [px - ck ][p -3- 6. (k k:)janeihta
25) Max n(P ) R Zﬂ\ 1 1

L e
R G, - %)m DL

tee

_3[72‘H ck l[e (ky =ky) - Py + P112M R lﬁ,,f
By T e ﬁ%~,e)w _k> IR
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»becomes. Should k

PR
122

. Differentiating (25) w,r,t, Pl.assuming P2 is held fixed and

o 1 18 held fixed and solving,

gives the equilibrium price3° o ‘;i‘ ' 'ﬂ ) .'_ ‘%@‘;'

differentiating (26) w T, t. P, assuming P

1 * .‘\ LY

- 10 g 2
2D By o= 3l(e, - 200) (K, -,l:cl) + ckj + 2ck;] .

) ] . SO N | [,"_ | ‘

: ' N ML . N T <7 .‘ - . . "‘:_

. Sk 1. DU S 9 2, : . -
..28) Pz *~3[(292‘—}6i)(kz - k1? + 2ck2 +,Ckl} - IR ;

. . o . . A N ; '~‘ 7K -~ . <5,

Notice from (27) and (28), that the closer the two qualities are’ o

-

- together, the more severe the Bertrand«Nash price competition between them B

1 k2’ then each firm would be forced to, price at""
@

marginal cost, which is the standard Bertrand—Nash result.c

The quality setting equilibrium is” found by first substituting the

equilibrium pricing rules (27) and (28) into the foreign and home firm 8
profit functiOns (25) and (26) respectively. Then differentiating,the‘

R

foreign firm 8 problem w.r.t k assuming k is’ held fixed and differen—

[

tiating the home firm 8" problem w.r. t. k asauming k1 is‘held fixed and

ff‘solving gives the equilibrium levels of quality _ :\ L
29y " k- 2222
, 1 . 8c
° 56 - 0,
* - *1 -
30) k2 e - -

The equlibrium prices charged fot k and k by the foreign and

home firms respectively are found by substituting (29) and (30) into the

. optimal pricing rules (27) and (28) giving: "_,~3 oo ,~»;;“: ‘:"
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qualities and prices that result once trade opens between the home and

foreign economies.

T

The relationship between the equilibrium levels of quality produced

by the tw0\firms and the distg}bution of willingnesses to pay is summarized”

\in Figure 5 7, where (29) ‘and (30) are represented by the heavy linesh

m .
It is easy to see that over all distributions, trade causes the two firms

“to push their qualities even farther apart than they were in autarky to,

.reduce the severe Bertrand-Nash price competition between them. Notice

"+’ that as the distribution of willingnesses to pay narrows, the equilibrium

levels of quality converge, as the scope for firms to. differentiate their

: qualities and avoid price competition is reduced. Also notice that

*
9 = g 2? is the widest possible distribution considered in which the

lowest willingness to pay consumer is served Wider distributions involve )

'.different demand functions and profit functions as was examined in the

.. Lar

»Appendix to Chapter 4

- In the trading equilibrium described by conditions (29), (30) and."g

(e -~ 8 )2M

- ) . . L ‘ % . x
(31), (32), —76~—:—6-7 islthe-share~of consumers buying'ki'atpprice Pl -

. S (e, = By o e
’ _from the. foreign firm, while - — is the share of consumers buying”
. . . . .'(.92 - el) ‘ . S L . ’
¢ L ". L

5

el
D

. ,1- Thus conditions (29), (30) and. (31), (32) describe the equilibrium .
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L e k at price P2 from the home firm " Substituting_the equilibrium-conditions
) g;;'f into (22) for 6 gives-' _ .
l N oo ‘ . . - E .\
RSO VRS e Y el S ‘ - : !
R 33 A= 2‘ e 0 Th L .
» \:‘: o ' /; e B I..’, ,
&; oot ?;which says that in equilibrium each firm serves' exactly half of the
| ;‘ .total number of consumers\. B
: . " L . . ,
The net benefit derived by 1ower willingness to pay consumers
from consuming ki’at price Pl is given by. "
T, e(se =9,) - I‘z’Sb saeze1 f\;;ggei] cL .
y L3RR \8é' SR -
where 6 £ - [6 6).4 Similarly,,the net'benefit derived by higher willingness
- i toxpay consumers from/consuming k2 at price P is given by:
- . - e R . . ¢
. 586261 + 258 ] ]
- : -: 64(: <
. The relationship betWeen consumer welfare and the distribution of

i termsrof a diagram as, shown in Figure 5 8. For the. widest possible.'

,distribution where 61 é#, the lowest willingness to pay consumer is just

4: indifferent between consuming kl, and the,numeraire, while all’ higher |
willingness to pay ‘consumers derive positive net benefit shown along the

2

line labelled FF. As the distribution of willingnessestto pay narrows,

- . ¢
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‘country.?

&
. R . .
s : 5

Y

,-

the equilibrium levels of quality are drawn’ closer together which ,df
e y

heightens the’ price competition and thereby increases the net benefit

derived by all consumers as shown along the dashed line labelled F’F~,

Thus narrower distributions benefit -all consumers more as the .

scope for firms to differentiate their“qualities and'avoid price

’ r

competition is reduced.

N

5. . Autarky vs Trade .

Having described the autarky equilibrium for each country in

isection.i; and thehtrading equilibriuﬁ that was reached between them

in Section 4, the role of demand differences in determining the pattern

_of trade and its effects on individual. consumers in each country are.now

easily e'xamined.

It is clear from Flgure 5 7 that the. competition brought about

'by trade.’ causes the two firms to. push thelr qualities even farther apart

t.

of the low quality good.hhich,it exports'to low.willingness.to pay

consumers who are a minority in. the home‘country, while the home. firm
spec1alizes in the production of the high quality good which it exports

to high willingness to pay consumers who are a minority in the foreign

<
o

. The pattern of'trade which'emerges is very'much‘in Ehe spirit'of'

',’ the Linder hypothe51s as each country 1s produeing a level. of quallty in -

keeping with ltS representative demand which it exports to consumers .

'Iwho are ‘on the fringe of‘the representative demand_in‘the other country.

. 126

'-'than they yere“ln autarky. .The“foreign f1rm speciallzes in the production -



The effects of trade on indlvidual consumers in each cnuntry are
. summarized in Figures 5.9 and S.lO. In Figure 5, 9 the solid line

labelled FF, represents ‘the net beneflt derived .by all consumers in the

trading equilibrium for the widest distrlbutlon of willingnesses to pay

considered, while the solid lines labelled AlAl’ and A2A2 represent the

net benefit derived by foreign‘country consumers and home country consumers
in_autarky for the same distribution. The dashed lines labelled F°F’, AlAi,_"

and_AiAi, represent the net benefit derived by; all consumers,in the trading

equilibrium, foreign country consumers in autarky,-and home country consumers
: s : . . ' . :
. ‘ . 3 N 3 3 3 Ed
in autarky, respectively, for a marrower distribution -of willingnesses to

pay for quality.
While it is clear that the net benefit derived by all consumers

- in the trading equilibrium increases relative to autarky'as the distribution.

s : - 0" .
of willingnesses to pay narrows, the effects on individual consumers in

each -country are more easily seen in Figure 5.10, which tepresents the
difference betweenlthe net‘benefit‘derived by consumers in'the tradiné

'eQuilibrium and ,in autarky. The solid lines labelled F-A and F A

l’
. represent the difference in net beneflt derlved by consumers in the

trading equilibrium. and autarky for the forelgn and homé countries

. Arespectlvely, for the widest distrlbutlon considered. The dashed lines

«labelled F* —Al, and F~ —A2 represent the difference in net benefit derived
: ' 1
by consumers 1n the trading equilibrlum over autarky in the forelgn and

U

’

home countrles for ‘a narrOWer distrlbution‘ f,'

Notice first, that for the widest distributlon of willingnesses

R

to pay considered, low willingness to pay consumers who were able to. .

0







extract posiﬁiVe net benefit es a maJority from the foreign monopolist

i ?zﬁV”

J,,in autarky, deriye less det benefit from the reduced level of quality

) they COnste in the trading equilibrium On the other hand higher
willingness to pay consumers who were not able to extract as much net
benefit as a majority,from the home monopolist'in autarky; greatly
benefitifrom the additionlof low'willingness'to‘pay consumers,‘and the

price competition brought about by trade, Thus it .would seem thatithe
,majority of low willingness:to pay consumers in the foreign country stand '
to lose the most from trade, while the majority of high willingness to |
pay\consumers,in the home country stand to gain the most from trade.
For:narrower distributions, all‘consumers gain as a’result of
the competition brought about by trade. Thesecgains are greater'for
5’all home country consumers than for foreign country consumers, oyer all
distributions, which simply reflects the faét -that they were able to

.o

extract less net benefit in autarky

dsummary andiconclusions
This chabter has 'con'sidered:a rather' special v:ariation' of the
model of trade in- quality differentiated goods developed in Chapter 4
] which nicely highlights the role of demand differenCes in determining
the<pattern of trade, and its effects:on indiyidual:consumers in each
'country. ) - | "
The distribution of willingnesses to pay for quality assumed for
each country is characterized by a right triangular distribution with

R

“the home country having a_majority'of highdyillingness to paynconsumers;

N -
s

and:the'foreign couhtry,having a~majqri£yﬁof low willingness to’payiconsumers.

‘s




o

firms to differentiate their qualities and avoid price competition is

It is not surprising that in autarky, these differences cause the

equilibrium 1eVel of quality produced in the home country to be greater

than in the foreign.country.\ As_a result, all consumers,in the foreign
country’are able to extract more net benefit from the monopolist,'where
1ower‘willingness to pay consumers are -a majority and warrant being served,

Once trade opens, the two monopolists are assumed to compete as

¢

»‘duopolists over price and quality for consumers in each country. As the

.

-two triangular distributions are assumed to sum .to a unifdrm distribution

the competition between the two firms modelled exactly as in Chapter 4.
¢ . ‘ ’ : : ) .
The competition- brought about by trade causes the two firms.to pushAtheir

'qualities even farther apart*than'the autarky levels found, here, thereby -

reducing ‘the- price competition between them ‘ . 1.;'

The pattern of trade which emerges is very much in the spirit of

" the Linder hypothesis as each country is producing a 1evel of quality in

keeping’ with its representative demand which it exports to consumers who

are ‘on the fringe of the representatiVe demasd in the‘other country

]

While trade nay actually harm lower willingness ‘to pay consumers LT

B who are a majority in’the foreign country, all consumers in each country

3

are/shown~to gain from trade in narrower distributions where the scope for .

s e

B

- : N

‘ reduced These gains are shown to be greater for all home country consumers:

s
. . -

,than foreign country consumers over all distributions, which simply reflects

' 'the fact that they were able to- extract less net benefit in autarky




. horizontally differentiated goods.

Endnotes .. "

. Dinopoulbs‘(1984)‘also uees'triangulaf distribufione to-explore

- the effects of demand differences in a model of trade in

\

A very small transportation cost is sufficient to show that the

v

foreign firm would §pecialize in the production of the low quality
good and the home firm in. the production of a high quality. good

S
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L ..* CHAPTER 6 f i,

QUALITY UPGRADING '0R QUALITY DIFFERENTIATIONr oo T

fi - ‘"THE EFFECTS OF INTERNATIONAL TRADE

* - @
1

'fIntroduction S ‘ R I
E . - : - .9 . .

N

This chapter reexamines the model of trade in quality differentiated

-

developed in Chapter 4 unden the al;ernative production technology

that the burden of quality improvement falls on fiXed costs such ‘ag’

Y

. inal costs as assumed to this point
< e 3 - . - O

~ ‘r'

c This provides a very useful comparison between the effects of trade ‘

ST

modelled here, and those found by Shaked and Sutton 61984) There they

larger ‘nimber 6f} consug

]

narrower distributions, or“a.ddopoLyrfor wider distributions; opening .

-

produced increasea; Beginning in”aubarky with either a monopoly for/ e

up trade between two such ecqnomies is modellede@s an indrease‘in

H . . ," . N /

show using'a similar demand structure that with zero marginal costs, the'ff':"'

1, A
\ -h “ L . N

\ n‘ . :T,::-"’ - - Hf\

"\-.»

s- ’x

, with the result that the 1eVel of quality

n‘,‘

’:“A- ‘f“"

-'«,. H \ -s?&
e \* Lt

] --v_’~

= ,«.,\ 8 ‘ “Mti r"'.:'.'* ‘
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'1';3‘}”-*f} .In the model developed here, the equilibrium level of quality —1‘f

sl e N --,|*-1

e o . offered to consumers in each couhtry by a domestic monopolist ‘in autarky

. "J'ﬁ‘ is shown to depend not only on the distribution of willingnesses to pay. o o

'j‘ L e ¢{”?_for qUality, but also on the total population of .consumers as in Shaked

1

SRR AT £
AR . _"and Sutton.'; ' . .
T AN ' o - . S ¢ e, %

5

v »"j o o Once trade opens, the two mohopolists are assumed to compete s o

T dudpplists over price and quality for all consumers in each\country.. As
x ? A y .

)

';“’C,{_ll 1hiwith Shaked and Sutton, the Bertrand—Nash price competition in conjunction

BN .-v-dci —I;s'\ . - s

P “

with a’ zero marginal cost‘assumption results in only one of the firmsv

";41 surviving for narrower distributions. For wider distributions a trading

« ’ ST LY L . - b o
y : 2 :&ﬂ, o,

‘ equilibrium is reached though some 1ow willingness to pay consumers’ may e
C
nbt be,served forsthe widest distributions, which is analogous to the
- C . Lo o
‘5$?1~ results obtained in the appendix to Chapter 4 { i‘if' oo o

?1;J In comparison to autarky, it is clear that for narrower distributions

L

where only one of the firms: survives, trade has the effect of upgrading

- ,\h ;s

the 1eVel of quality produced by the remaining firm which éhrves both
i :!‘ TR :
’(¥r'r economies. This 1s identical to the Shaked and Sutton results. “é-,f‘lg

For wider distributions where a trading equilibrium exists, ﬁhe [:;Ff

B Ce LA .

over the narrOWer distributions, where the price competition causes the B
PPN . L

fshare of consumers buying from each firm to be highly unequal. Thus Co ﬁv.. ]

- R
. .
) ‘ L

for the majority of consumers, trade has the effect of upgrading thenlevel

3




o - R . 3 ~ Ly
o s . .

that no quality upgrading takes place.—

Thus in contrast to the Shaked and Sutton results, it is clear that

@

tfor economies where set up costs or entry fees are sufficiently high such

v

.ythat only one firm is able to operate in autarky, the competition brought,

rading equilibrium as it did as a monopolist in autarky, with the" result hl

.about by trade may well result more in quality differentiation than quality

o

upgrading. This is especially true if the share of consumers served by

each firm in the trading equilibrium is roughly the same as it was in

a

autarky. L - e : i“ ' Lo

L] s R 1

The chapter is organized as follows. Section 2. briefly outlines L;

the production technology and consumer behaviour; and then examines the é%?

l <

-

. monopolist for'one gf the economies in autarky Section 3 first looks-

oL . e .’

A

-equilibrium price and quality cOmbination offered to consumers by a- ) ;'_-

‘”:at the equilibrium that is reached once trade opens between the home andm-.’

- with a brief summary and conclusions. ;'

.y % SRS e e e
‘Z{ Autarky Equilibrium f _} -fo.-' s : N

- q,'
foreign economies, for narrower distributions where only one of the firms '
survives. ’Thevanalysis then turns to wider distributions where a trading

P . . \\ ™

,u~equilibriam between the two firms~is shown to exist. Section.ﬁ‘closes-"

P

~ v 7 e
. S . .
LR . - . L ot ~ . '
’ ot R - .-
S e T e JE A I
- c . o . Vi . P B
- - . ‘. A . P
Y v . . ‘ MR

- - o ., P o

This section briefly outlines the production technoiogy and consumer

L s

‘behaviour for an economy producing quality differentiated goods where the

R -

burden .of quality improvement falls on fixad costs. The equilibrium price

: and quality combination offered ‘to consumers by a domestic monopolist is'

L s -t - -
examined for one of the economies in autarky.,‘

. . F—
. . f
~ . . * .

=

4



LT Cooe 2,1 Production Technology and'Consumer'Behaviour .

_ In’each country, production is carried out in two' sectorsiusing a
single factor of production, labour. Quality differentiated goods are .
:;?produced by‘a monopolist with decreasing average cost in output (fixed
?costs and zero marginal costs), where fixed costs are increasing in quality;
':L; o h‘ ~?i,To allow for explicit solutions, the cost function is assumed to' take

the formi:

= n o(xj)_ g_klj':ei-G -y

J

'.f T . where Xj is.the quantity'of good j produced kj is the quality of good j,_
L2 . - H .

.where kjy j “10 gkj isﬂihe component of fixedacosts which is increasing

in quality where g >, 0, and G is the fixed cost independent of/quality

-

ﬁ: required to produce ‘a quality differentiﬁted good

'331: All other production is devoted to a; composite good Y -in a perfectly

‘: competitive sector, which is used as . numeraire.' There are no cost or.

‘:comparative advantage differences between the two countries.
: . ro -

Each country is populated by M consumers who differ in their

: ~willingness to<pay for quality. All consumers are assumed to hfve
‘l‘ L identical income composed of labour income and a per—capita share of the

Adomestic monopolist s, profits. Consumers allocate their income between

-expenditure on the. numeraire, .and on one unit of a quality differentiafed '

-

good by . choosing the 1eve1 of qualicy which provides the 1argest net *
benefit to be had. from consuming a quality differentiated good, leaving

. expenditure on the numeraire to be determined as a residual Net benéfit
is defined as the difference between what a consumer is willing ‘to’ pay for i'f

vy




a quality differentiated good and its price, written. as: v B ;

I

2) Z,(P,) = 8,k P

k4 08
B ~

where ei is a. representative consumer i 8 valuation of a unit of quality

and thus 6 kj 1is consumer i's valuation or willingness to pay for good j
®

Should no quality provide consumer iwith non—negatiVe net benefit, he

would simply spend all of his income on the numeraire. . ,

a -
-

‘The market demand.for any particular level of quality depends on >

both the distribution of willingnesses to pay for quality, and on the

variety of price and quality combinations available.

Consumers inseach country are: uniformly distributed pver ‘thie

Y

interval [91,6 I where 61 and 62 are the lowest and highest valuations

for quality in’ either country respectively, with density and cumulative

density given by A T - , .

: oS Sy T - e)
T Vo= L
\3)‘ o (0 ‘(92&4 el). ’. H(e) k(-a -9 )

’
3

- - - e

where H(ez) O, and H(el) =1." Thus no differences need ‘arise betwen the

L. .
two economies for the purposes of this chapter.1 ‘ -

. . - s
i Id

4]

2.2 Mdnopoly-Behaviour -

A Eah Sy
» L em -~
_F_»—-u_.. e

Having described consumer behaviour and the costs of production,

2

the‘monopolist s optimal price and quality selection.problem can now .be

-~ . - .

examined for one of the economies in autarky




137 .
:fhe monopolist's"prohlem-is modelled'as aitwo stage game.' In the

first stage an optimal pricing rule is derived for a given level of
. quality. The optimal pricing rule is then, used in ‘the second stage to
tbre—solve the firm 8 problem for the optimal 1evel of quality.' Fixed costs:

are assumed sufficiently high to prevent the mondpolist from producing ‘more
,.than a single level of quality.

' ‘ Recalling the consumers decision rule (2), and the cumulative

density function H(e) from (3), market demand’ for a. single level of

_quality isn

DR 1O T 5 | N
OB =N G TR T . Sk 2P ok
L . . i '.’ , 3 -5
M C " ek P- :

—

‘ Using the demand function (4) and the cost function (1), the
r»pricing stage of the monopolist s problem for a given level. of quality :

s written as: Ly

POk - P]M T N

o 2 L
5) Max T(P) = 2 gk > . /
. P @, ‘el)t : ‘ |
Differentiating (5) w.r.t. P andxsolving gives the optimal . y '
. pricing rule. 'f . :'. I ‘ . o
. . 0. k
. L 2
6) P 5 )
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.k : . L _ - R : L
. . where P equates the marginal revenue lost from a price increase .to zero.

LI

. Alternatively one could .think of P as just balancing the gain in revenue
from attracting the consumer with willingness to pay 5 with -the loss

.8

in revenue*suffered on al1<higher willingness to pay consumers. It is
implicitl& assumeo'that.the oistrihution of‘uillingnesses to’oay is
sufficiently“wide such that'some lou'willingness to pay consumers are
not served~. o ‘

- Substituting the optimal pricing rule (6) back into the monopolist s

) problem (5) gives the second part of the firm's problem: .

[

(8,) Mk < S .
T, oy T TC el

7) Max - T(k) = )

‘k

- Differentiating‘(7) w.r.t. k and solving gives‘the optimal level

of quality: -
x (O M - S L

83(92 - el) . . . o . i . i .. ) Lo . -
N “' o A. ‘ ,4\ . ] . B ’ 'A . . N '.: N

R i v

'é') ok

- ) S, - - . , I
The profit function is concave for all k ensuring that k dis’a
maximum. -Notice that k' is increasing in M,'and increasingtin 61; as a.

larger proportion of the consumers are served as the range narrows.
The equilibrium price charged for k is found by substituting (Q;

" into the optimal pricing rule (6) which gives:A

- ' K % <"

l6g§§é - 8,)
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; , o
-If 8 identifies the consumer who 1is just served in autarky, such’

‘ Uk % *
that 6 k - P =0, then using (8) and (9), 6 is given by.
N = . . H
e L3
19) 8 = )

-

- Thus . assuming that the distribution of willingnesses to pay for

x
quality is sufficiently wide such that 6 8, then conditions (8), (9)

.o

x .
and (lO) describe an autarky equilibrium where g:] ,62]_is'the set of-

- * * - * ‘
consumers who buy k at price P , whilejlel,e ) is the 'set of consumers

. ) : * . ok
who are not served. Notice that when 6, =6 , k' = 7%—

.l.

1
‘ ’ L * . - L%
For narrower distributions where Bl > 8 , offering consumers k \

* * * ’ ‘ - L
at price P =9 k 1is clearly not optimal as profits could be increased by

e

. y - * i . - °
taising,ptiee,to:elk », and further increased‘by altering.quality.

‘When serving the lowest willingness to. pay consumer, the pricing
rule 1is simply given b?} ’
S ’ B

11)»‘ Prmogky . | . o S

' Substituting ‘(11) dnto the monopolist 8 problem (5) gives'the second - - -
part of the firm's problem as:

¢

- 12) . Max n(k)u='elkM'-Jgk2 -G

EY . P

A

Differentiating (12) w.x.t. k and solving gives the optimal level ’
4 .

of quality, ) o

f e m o Slas et




—

¢

13) K = ;“_ﬂ R :.‘-. Y

P

e -

From (11) it is easy to gee that the equilibrium price charged for*‘

* . . . -
k ig: ] . . ) g'

. 2
~ (91) M

e,

14 p* = P
) S 2g . o ,

which all consumeqe buy k at price P .
The relationshipnbetween the equilihrium level of quality ptoduced

in each countty in auterky, and the distribution‘of willingnesses to pay .

-,

. : - 8 ,M
o , - PR R
. 18 summarized in Figure 6.1. At point A1 where 81 =-0, k =-7i; .
_ . | ' o T w8 M
For 61 = 0+ at point A2, where ‘all consumers are served, -k = jﬁ;,
Yok ok 8. M ‘
. igd"f25561 > 06 , k 'converges to h = 7%; at point A3, where 61 2.
D3 .Trading Equilibrium o - S o _ : ' v

This section examines the consequences of opening up trade between
two identical economies producing quality differentiated goods, as,
developed in Section 2._ For convenience denote kl and k asg . the qualities

-produced by the foreign -and nome economies respectively; |
'Once.ttade,opensi'the-two monopoliets are aesumed to'compete,es .

L . ! . “ 4 . . . . . .
duopolists.over price and quality for consumers in each country. The

G.r

equilibrium’is solved.as a two etage game, fn'the firet stage a

P

-

P Thus conditions (13) and (14) describe the autarky equilibrium in .




b
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Bertrand—Nash pricing equilibrium is derived assuming each firm's

. quality is held fixed JIn the second stage,the equilibrium,pricing

N foreign quality k at price Pl, and the home quality k

.the appendix_to Chapter 4.

rules ‘dre then used to solve for the quality setting equilibrium,assuming

|that each firm conjectures that the quality of the other is held fixed

This analysis proceeds by first examining the equilibrium that 1is

-

reached for narrower distributions in which only one of the firms _survive,

o =2 -

Computational methods are then used to solve for~the trading equilibrium '

‘that results for wider distributions,as the possibility of excluding

-

low willingness to pay- consumers complicates the analysis as it did in °

-~

- . L -
a- PO L. v - r +

- 3.1 Narrower Distributions - Natural Monopoly

. : B - o
Once trade’opens, consumers in each country must choose between the

<

2 ‘at prige 32 ‘ )

Recalling from (2) that consumers choose the level of quality providing

: the largest non~negative net benefit, 1et 6 identify the consumer who is

1

Jfor Ri and k .are given by.

just’indifferent'betueen kl k, 1

1‘ k -‘J( : 4 * . <,

Assuming that all consumers are»served, the market demand functions

El

Coe g sepam . o |
16) DRy =T
L R O Y e R

P

apd kz such that ek' —‘P = Bk2 - P2 which gives!_




N RSO '
17)  D(B) = A :
.,a) ﬁ' 2 (6'2 el) -:?f a

Notice that each firm attracts consumers by increasing its quality

. Y

for given prices, which is in sharp contrast to horizontally differentiated

goods models where firms attract ‘constmers by pushing their varieties 4

closer together

Substituting 6 from (15) into (16) and (17) and using the cost - >

. :function (1), the first part of the foreign and home firms problem is I
written.as._ . A
- -é P (P, ~ P, =8 (k. =k)2M .o
. 18)  Max -I(P,) = —& %e‘ -le )(é E‘k )i el gki-_ .
4_.:§“. i P1' '~.‘.: :: ] “, ] 2; l 2 ' % "- . - . ' . . :, _—' .
ey w=7P2t§2(k k ) B, + P, ]2M 2 ;,“ R
"19)  Max I(P,) = — 1 gk Co Lo
SN P2 . . " 2 i .. (62 el) (k . 1) - ‘ : - . : o .

Differentiating (18) w r.t. P1 assuming P2 is held fixed and

A\”' "ﬁl.differentiating (19) w r.ts P, assuming P is held fixed gives the price

2 l

reaction function for the foreign and home firms respectively

- / co - T . , _.:' 'Q..
B R N f o

200 - P




“of the leVels of quality chosen, : v

Since both profit functions are strictly concave in their

";:respective prices, the two price reaction functions (20) and- (21) are

-

easily solved{to yield the equilibrium-pricesr-
e LS . " . E . . ‘

x (8, - 203k, - k)

20 Bt —— =3 T L
’ N .-
SR (26, - 0)(K, - k)
- 2 ' 3

-

0.
< 7%-, which

. h .
Notice immediately from (22) that for P1 > 0, 61
. , L 8, - SRR _
" says that for distributious narrower than 7{:,,tbe Bertrand-Nash.pricing . -

equilibrium is not well defined

v

: . .k * 4 .
VIt,is'also nseful to eubstitute P1 and P2 into (15) for 8 ‘which

4

gives:

Thus the Bertrand-Nash prige competitioniin conjunction‘ﬁith the -

i

' zero marginal cost assumption résults in the foreigﬁ firm having a zero’

~ ’ ‘ : -

'merket share for‘distributions narrower than _2; wbich giVes,riselto the

2

'natural monopoly outcome.~ Also notice that the market share is independent

For distributions wider than 7%3 the .forelgn and home firm's quality . -

N
l - !

setting problem ie'fouﬂd by aubstitnting (22)'and (23) into the profit

‘\\ -

e e i el e e e



functions (18) and (19) wnich gives:

- l‘ ’ 4
) (8 ) ~ 26 ) (k 1)2M 5 -
' 25) ‘Max T(k,) = - - gk, - G
. 9(9 - 6 ) 1 .
k 2
1 )
o 2 e '
e, < (20, al) (k, kl)zu 2
26)  Max 2 90e, - e 3 g%y
) F I
Y
Differentiating‘(zs) w.r.t. kl assuming k2 is held fixed and
differentiating (26) w.r.t. k2 assuming kl is held fixed and solving
yields the equilibrium levels of quality
" ] \ ° -.?:.
- ) 1 ) ] T . .. ’ ’ - , , /, . o .
s e, - ) i = B
28 kyimg (g - é o N Lo L ey,
- The fbreign Firm chooses to reduce its’ quality to zero as changes & . -
e ’1'5 ‘
i -s; '] “
' 1n k haVe no eﬁfect on the allocation of consumers, while reductions T b
Nt e )
. “; S in k away from kz minimize the Bertrand—Nash price competitionoand incﬂease o
- -’.' . . . . . ’;1 - L)-
S . profits. p A{. . f;' . o o » y . .;?. 'Ea . &\ ,$u
. ‘e A A .
. ' ' The equilikrium described by conditions (27) and (28), howeVer, is1 ?;‘
’ . . ) _- . 1 . . . . “ - ' . ‘-.(‘“‘
T T T % S SR
: ) only well specified at 61 - where k2 "—E—-. For distributiona Vi@et.ﬁ' '
RO e ey e O
: than i?, 10Wer willingness to pay consumers are excluded:as 8, k - P2 <0, -y o
) ~ . 49' - . .
5 . u B S - CL :
k oA with"the result that the demand’ functions and hence profit functions are
o T \',‘not,well sﬁeciﬁied. The trading‘equilibrium reached fo;‘distributions'wider P
S f'!.::_: ‘ ," \' ) - - . . : e - e ; -
‘ : e X C
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' infersecticn to take place beyond pqint;B, with fhejreéulé fhet,firms.
begia'comBeting cver'the Verticai section pf the foreign firm?s price

reactiou function. . .- ’ ‘-

e " Recall from section 3.2 that the lower section of the foreign firm 8

price reaction function is given by:

e

29) P = ?, thl(kZ —/kl) , ’
: 1Tz /
s . : , ) ) e
At~Pl = elkl, however, the kink in the foreign firm's market demand

curve generateeha-vertical section in the foreign firm's price reaction’

function simply written as:

30) 0 Py=0k, .

s Above P

, where lower willingness to pay consumers are:

.o

l 1
excluded the upper section of the foreign firm's price reaction function

is easily‘found,to be:

- o

Excluding 1ow willingness to pay consumers has no effect on the

o~

A market demand for kz, and consequently no effect on: the home firm 8 price L

freaction function which was given by" oL o
Ly ot B T k)

e deaites g
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The condition whichnensures that the price setting equilibrium

.

falls above point B on the vertical section of the foreign firm's price

3
reaction functionﬂis found by Solving for the’intersection between

“conditions (29),-(30) and (32) shown at point B, which gives:
. . ~ . »»A, -~ . . ) .

PO
-

: 33): 9 < (e 26 )k 162—+ 8,0k,

- ' Thus‘it' 8 clear that condition (33) can only hold for,distributiqni\;\\h;;
: ) 92' - - S - ) R
_;wider than 2 o ‘ S S S .

%’ Similarly, the condition which ensures that the pricing equilibrium

does not fall above point C on the upper section of +the foreign firm 8
price reaction function is found“by solving for the intersection between

conditions (30), (31) and- (32) shown at pofht C which gives '7 ;

J . J' . -~ A . . R . R T~ a.'

34) 02 (8, ~46 DK, - (8, - 6k,

. . P [ - )
\ ) ‘o - . . . . . . . Ty

4 \
7 I '
. - - o

£ T

"Thus'condition (34) will clearly hold fot.all‘dietributione narrower

8
than 7%..

Thus assuming conditions (33) and (34) both hold the overall

-

:‘equilibrium will fall along the vertical section of the foreign firm-s

'price reaction function, while if (34) fails, the intersection falls along’
. o /.' ’
the upper section.-

Solving for the quality setting equilibrium is complicated by the

.

,kinks in the foreign firm's price reaction function, as each section

e b e e o R




o

b

B, and C

defined on the vertical section of the fqreign firm B priCe reaction ;

L1571

LY

N must be used separately in conjunction ﬁith ‘the home firm's price reaction'

function to ‘'solve for the equilibrium The equilibria derived for each-
section must then be checked against conditions (33) and (34) to determine‘
the distributions over which they are well specified, and then compared to

each other to determine the distributions over which each dominates.

As in'the'appendix to. Chapter 4, each firm's quality selection

_problem becomes_highly non' linear over the,uertical and upper sections. of

the foreign firm's price reaction function. Accordingly the equilibria

. are‘computed using‘the non—linear equation-solving computer program used

o 22
there. For simplicity and without loss of generality (ag there isn' t

'much left to lose!), it- is assumed that 0 f = l G =0, and M =2,

2" < e
The relationship between the equilibrium levels of quality

produced along the vertical section of the foreign firm's price reaction

‘function satisfying conditions (33) and (34), and ‘the distribution of

willingnesses to pay for quality is shown between points Bl’ "and Cl, and '

9 2 in Figure 6.2 for k and k respectively The home and foreign

firm's profit functions are strictly concave for distributions narrower

8 c' . i . ) { ) . \\‘ . 'I'A

. . * : -
than 7%‘ and at least locally concave at kl and k untileﬁx =",2114 at

' points C1 and C2’ where condition’ (34) is just satisfied. BN

" The profit function for the two firms at'points C1 and‘Cg ‘
0

z'shown in Figure‘6.5{« Notice that the foreign firm s profit functionZ'

function H (k ), evaluated at k2, is’ only well specified for k > k s

where k just satié@ies (34) evaluated at k Similarly, the home

firm 8 profit function defined on.the vertical section it (kz)g‘evaluated’.

C
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~and kQ to yield a trading equilibrium in which the lowest willingness

',
Y

”~

at k 1is only well specified for k < ko whgre(k; just"safisfiés conditian'

1 2

(34)‘evalnated at kl" Since k and k2 coincide lwith k? én&i!g'zespectiyely

at poinﬁs CI and C;, and since H'l(kl) < 0 and X ;(k;) > 0, th& two firms

)

~wou1&4cle§riy begin to compete over the vertical section of the foreign

firm“s‘pnine reaction function.

Turning to tHe_upper'sgction of the foreign firm's price reaction
function, tbe—relationsnib between fhe equilibridim levels of quality
produced, and the distribution 6f*willingnesses to pay for quaiity which

cause condition (34) to fail is ‘shown in Figure 6.2 below points ct

1.
- and CzAfor k and k respectively : — ‘.
The profit functions for the two firms at points Cl and Co where
61 ?_,2125, anq kl and k2 just coincide with kl and k2 to satisfy condition

(34) are shown in Figure 6.6. Since I ‘l’(k‘l‘) > 0, and n (k ) <0, the
two firmsfwould begin to compete along the vertical secqion of ‘the

foreign firms pfiqe reaction’function; For aistributiqns°wider than

o . . ) .
8, = .2125,;the.profit functions are at least locally concave at k1

1

to pay consumers are excluded.

<

9

Thus from Figure 6.2, it is clear that in compapigdn,to the

equilibrium.level .of qhality~prbduéed in each country in autdrky, trade

' céhsgé the two firms to_différentiéfe_their qualities to minimize the

<

‘nrice competition between thén.:,This result is reinforced over the

narrower-distributions where the price ébmpet%}idn‘éauses"the share of

. consumers nhying from “each firm to be highiy unequal.’ Tﬁug for the

~

majority of consumefs; trade has the effect of upgrading the level of




s
.
a

qualigyAtHat they . buy from the home firm. As,the distributionﬁddens;
however, each firm'serves roughly the same number of consumers in the

trading equilibrium as it did in autarky, -with the resﬁlf that no quality -

upgrading‘takes,place.

4, . Summary and Conclusions

This chapter reexamirfes the model of trade in_quali;y diffé;eﬁtiated
goods developed in Chapter 4,'under"the alpernative production technology;
that the burden of quality.img;ovement falls on fixed cpsts'such as. R=& D
expenditure'rathef thén on mérginal costs as assumed to this point, This
provides a very useful comparison between the effects éf'trade m;délied

<. here, and those. found by Shaked and Sutt;m‘ (1984). -

In autarky, the equilibtium level of quality offered to cornisumers

b§‘é domestic monopoiisttis shown to depend not only on the distribution

of willingnesses to pay, but also on the total population of consumers.
Larger populations allow the firm to spread the fixed costs of a quality
improvement»ovef a‘lérger number of consume}s, which causes quality to

rise. A T P

' . '

. /. s, 4 ) ;
p Once trade opeéns, the two monopolists are dssumed to compete as

o

. duopolists over price and qﬁaiity for consumers in each country. As
witﬁ‘Shqked and Sutton (1984), the-BertrandéNash\pricé competitipn‘in'-

R conjunction with a zero marginal cost assumption results in only one of

-

the firms suf@ivi@g for narfoﬁer’distributions. For wider distributions,
0 ‘ ’ . :»:; K . - . . LA
A a trading equilibrium is reached}~thog§h Some.loﬁer willingness to pay -

> - consumers mdy. not be served.

¢

[
;
I
|
|
|
|
i
|
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effect of upgradingﬂthe level,oquuality produced by thefremaining .

' " and Suttdn results.

N ’ “l ".r ‘ N A' '.\ ! °
In comparison to autarky, it is clear'that for narrower ’

- '’
» Y

distributions where only one of the firms survives, trade has the

_' et

: ' T : : ® o 3
firm,which serves both economies, This is identical to the Shaked

LS |

For wider distributions where a trading equilibrium exists; the
N . . . - L

two firms differentiate their qualities to minimize the price competition"”

'between them. This result is reinforced/?ver the narrower distributions,

where the price competition causes the share of consumers buying from -

~

each firm to-be: highly unequal Thus for the majority of conpumers,
trade has the effect of upgradiug the level of quality they buy from

the home firm. As the dlstribution widens, however, each firm serves

roughly‘the same number of consumers in the trading,equilibrium as it

© did in autarky with the result‘that no quality upgrading takes place. C

Thus in contrast to the Shaked and Suttonaresults, it i8 clear ‘

;that for economies where set up costs or entry fees are sufficiently

W

high such- that only one.firm is able to operate in autarky, the - - &

' competition brought about by trade may well result more in quality N v

differentiation than”quality upgrading.‘ This is especially true if-

2

"the 'share of consumers serﬁed by.each firm in the-trading equilibrium R

1s roughly the same as it was in‘autarky.

)
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;’- t.~1.d: . -The autarky. equilibrium-hae also been derived using the triangular
R , 'distributions described in Chapter- S with much the same results.

. 5.
2. Each firm s quality setting problem for the upper and vertical
i',,sections of the foreign firm 8 price reaction function, and the-
Co . - .
T R computations are available from the author upon request. .
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. L . CHAPTER 7

- SUMMARY AND CONCLUSIONS

o

S - - .
This thesis is primarily concerned with the role of both scale
economies and deﬁand differences ‘between CQUntriés producing quality

differentiated goods, in determining the variety of'qﬁalitieé produced

both in autarky and once trade opens,_and on the pattern of trade that

results between two such 'economies, "Attention is dlso paid to the effects

of trade on individual consumers in each country.
Chapter 3 focuses on. the role of demand differences wifhin a

country in determining the'variety.of qualities produced by both price
. _ - ~
discriminating and non-price discriminating monopolists, in a very flexible

two consumer-type version of the basic quei‘of quality diffefentiéted goods
.*Jproduction developed in Chapter 2. It is shown for bdth price discriminating

A
‘

and non—brice,discriminating monopolists, that the number and level .of <

1

qualitries produced will dépend on the number of consumers in each grdup,

and their respective preferenées for quality.
If one thinks of the two consumer types as residing in disginét

" "regions of an economy, the no price discrimination eguiiibria could ng

:

-

-viewed as the.result of allowing arbitrage or free trade between the

two groups. -Comparing. the %wbhequilibfium coﬁfigufations, ghows that = -
" .freeing trade between the two groups reduces either the number of,

<

qualities produced;.dr the a?éfage level of qualify‘broduced. High"
willingness ﬁo'pay consumers are shown to.gaim net benefit,,but.oqu'in
| the prégence'of a subStantial'gopglatioﬁ ofﬁlow willingness to pay

¢

' consumers who warrant being served.

el R
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The sinple two consumer~type model of quality d{fferentiated goods-~
production developed’in this chapter prouides a very fiekible model to

explore tre effects of demand differences on a wariety of important trade

" issues should trade open between two such economies. The appendix to

3

this chapter begins to eddress some of these issues'by examining the )

consequences of opening.up trade between. two such economies. It is shown

however4that with this simple two coneumer—type model, some rather restrictive: -

assumptions on firm pricing behaviour is required.for fn/equilibrium to-exist.

. Chapter 4 examines the conseduences of openin;\up trade between two |
economies characterized by the basic model of quality differentiated goods
production, but where consumers in each country are assumed to be uniformly
di'stributed over their,willingness to pay for quality While this leavesk
little scope to.examine the effects of. trade on minority and gajority taste
groups in each country, the non-existence problems associated with opening
trade between two ‘economies characterized by the more' flexible two-point

distribution, -are avoided.

In each country in autarky, the equilibrium price and Qualit

>, L]

combinatlon offered to. consumers by a monopolist 15 shown to depend on
\

the distribution of willingnesses to pay for quality.\ Consumers benefit
from w1der dlstributions'ln which lower w1llingness to\pay consumers are

served which is analogous\ib-the results obtained for\the two-point

distribution examined in’ Chapter 3‘ : ' !

K

Once trade opens the two monopolists are assumed to compete as

~

‘duopolists in price and quality for consumers. in each country.  For the

special case where . .the .distribution of wifiingnesses to pay is the same




;/

countries which allow thé firms .to further differentiate their qualities, -~

~and the foreign country having .a maJority of low willingness to pay

are on the fringe of the representative demand in the other country.

L ' S 159

in each country, trade cduses the two firms to push their qualities

apart from their autarky levels, to minimize the price competition

between them. .This contrasts sharply with horizontally differentiated

B

" Fgoods models where firms hold:their varieties_together to attract

consumers from the:other,‘which\is the standard Hotelling result. . ' ;,' '

LR
Y

ALl consumers are” shown to gainrnet,benefit-as“airesult‘of the .

competition brought about by trade. - These gains are shown to be larger . ~%

between countries ‘with narrow distributions of willingness to pay for
quality, as the scope forvfirms to differentiate their qualities to

avoid»price competition is reduced. - Differences -between the two

reduces the gains from trade. L N , . ’ BRI

Chapter S considers a rather special variation of the model of

.trade in quality differentiated goods developed in Chapter 4 which nicely

ol ‘

highlights the role of demandrdifferences in determining the pattern of
3 o

trade, and its effects on individual consumers in each country

". The distribution of willingnessgs to pay for quality assumed for
each country is characterized by a right triangular,distribution, with
the home country having a majority of high willingness to pay consumersp

\

congumers. The range of willingnesses to pay for quality and the total

population in" each country is assumedvtd be the same.

‘The: pattern of trade which emerges is very much /9 the spirit of

Lo

‘ the Linder hypothesis as each country iszproducing a level of - quality in

keeping with dts representative demand, which it exports to consumers who

<5 .
- s
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and those found} by Shaked and Sutton (1§Eﬁ)

Lo
el

ot . ~
.?.

conjunc—%f

for narrow
/4

.-

equilibrlum 18 reached

S
e -

-

-

er distrlbutions.

1

,/

For wider distributions, a trading

, -

though some lower w1111ngness to pay conSumers‘

’v

B

i ) ma? nét’ be served g ; ;
i . L. , iz i g B :
f@|‘ ) qfx‘ht"é', “_' L In comparison to autark§,iit is clear that for narrower distrlbutions
Sy . s o : 4. ; h : .
“ﬁzlgé - " Fe nwhere 3nly~one~of—the firms survives, trade has the effect of upgrading the
7 b ,‘ﬂt LI level of qoallty produced by the remaining fifm(;hich serves both‘economies.
’ - "““ This 1s identical to the Shaked and Sutton results. A< ”:1" d': -~
et ) . “
’ ﬁf%k ‘ For wlder distributions where a trading equilibrium exists, the

.
~

two firms differentlate their qualities to minimize the price competition

e . between them. This result 1s reinforced over tife narrower distributions,‘




R 161
,where the price competition cauaea thershare of:eonsnmers bu?ing grdm
each firm'to be highly\unedual. Thus for the majoritf ot consumers;
trade has the effect of upgrading the level of quality they buy ‘from

the home firm._‘Aa the distribution widens, howeVer, each firm serves

<

roughly_the.same.nnmber of~consumers in the trading equilibrium ds ig

. did .in autarky with thé result that no'qnality'upgrading'takes place.
] _Thus -in contrast to the Shaked and Sutton‘results, it is clear

that for economies where set up costs or entry fees are sufficiently

i ~ high such that only ‘one firm is able to operate in autarky, the -
competition brought about by trade may well result more in quality
differentiation than quality upgrading. This is especially true if

B the share of consumers served by each firm in the trading equilibrign

is roughly the same as it was 1in autarky | - - 1

. « ‘.
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