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PRICING IN DURABLE GOODS MONOPOLY WITH DISCRETE
DEMAND AND CHANGES OF INCOME

This paper shows, considering a model, two periods, discrete demand and two consumers with
different levels of income and consequently different willingness to pay, that the Coase conjecture
can fail, that is to say, price does not necessarily decrease over time. Maintaining the relationships
between the willingness to pay of consumers with high and low incomes in the two periods, if durable
goods producing monopoly's option is to discriminate prices over time, the price is more likely to
rise, the greater the variation between the high-income consumer s willingness to pay in the future
period, due to the perspective of increased income, and his willingness to pay in the present period.
In addition, the lower the interest rates, the greater the possibility of the price rising is. If the high-
income consumer foresees a considerable reduction in his income in the future period, the low-
income consumer forecasting a comparable increase in income in that period, changing the rela-
tionships between consumers' willingness to pay, the price will also increase, since the monopoly
manages to absorb the maximum price each consumer is ready to pay in each period.
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ITayno Mauac Hynnec

HOIHOYTBOPEHHS HA TOBAPU TPUBAJIOT'O BZKUTKY B YMOBAX
MOHOIIOJIII ITPU IUCKPETHOMY IIOIUTI I 3MIHAX 1OXO/IB

Y cmammi po3zeasanymo moodeav 060x nepiodie i3 duckpemuum nonumom i deoma epynamu
cnoxcueauis iz piznum pienem 00xodie. Jloseoeno, wo 6 danomy eunadxy npunyuenua Koysa ne
3aedcou @ipHe, MoOMO 3HUNCEHHA UIHU 3 4aACOM He 00086 A3K08e. 3 YPaXyBaHHAM Oax#camHs i
MoxcaAugOCmell 2pyn CHONCUGAHI6 3 HU3BKUMU [ GUCOKUMU 00X00aMU NAAMUMU 34 MOGAPU
mMpuea.1020 8X4CUMKY y 060X nepiodax noKa3aHo, uio 8 yMoeax MoHONOAii yiHa Ha mosap mMoiice He
Auuie He 3HU3UMUCA, aqe U nionamucs. Ile 6azamo 6 womy 3aaexncums 6i0d baxcannsa cnoxcueaxie
3 eucokumu doxodamu naamumu 3a moeap 6 maiuOymuvomy i 3apas. Taxoxc moxncauge
nioeuwienHa Ui npu 3HuUMCeHHi eidcomKkosux cmaeok y oOankax. Ilpu 3mini 6
NAGMOCNPOMONCHOCINI CHONCUBAMI@ 3 HU3LKUMU I GUCOKUMU 00X00amu Uinu weudule 3a 6ce
niOHIMamumymucs, OCKiAbKU 8 YMO08AX MOHONOAii nmpodaeeub OPIEHMYEMbCA HA MONCAUBUL
Maxcumym.

Karouosi caosa: 3mina doxodie; npunyuenns Koysa; ouckpemmuuili nonum; mosapu mpueanozo
BICUMKY; 20MOBHICMYb NAAMUMU.
ITayno Mauac Hynbec

HEHOOBPA3OBAHUME HA TOBAPBI JJIMTEJIBHOI'O
ITIOTPEBJIEHUA B YCJIOBUAX MOHOIIOJINN TP
JUCKPETHOM CITPOCE 1 UBMEHEHUAX 1OXO10B

B cmamuve paccmomperna moode.1v 08yx nepuo0oe ¢ OUCKpemuvim CHpocom u 08yms epynnamu
nompeoumeaeii ¢ pazHvim ypoeHem 00x0006. J/lokazano, umo ¢ 0GHHOM cay4ae npeonoaodceHue
Koysa e 6cezda éeprno, mo ecmb CHUdMCEHUE UeHbL CO 6pemeHem He obsizameavro. C yuemom
MHCeAaHUSL U 803MOJCHOCHEH 2pynn nompebumeaell ¢ HUSKUMU U 6bICOKUMU 0X00aMU nAamumy
3a Moeapvl 0aumeabH020 nompebaeHus 6 08yX Nepuodax NOKA3AHO, HMO 8 YCAOGUSX MOHONOAUU
UeHa Ha Moeap Mojcem He mo.abKO He NOHU3UMbCA, HO U NOOHAMbCA. DMo 60 MHO20M 3aucum
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om Jceaanus nompebumenell ¢ 6bICOKUMU 00X00AMU NAGMUMb 3a mMoeap 6 Oyoyuem u 6
nacmoswem. Tarxce 603M0XHCHO NoGbLUIEHUE UEH NPU NOHUNCEHUU NPOUEHMHBIX CINABOK 8 OaHKax.
Ilpu uzmenenuu naamedscecnocoobnocmu nompeoumeaeli ¢ HU3KUMU U 8bICOKUMU 00X00AMU UeHbL
cKopee 6ce2o Gy0ym noOHUMAMbCsl, HOCKOALKY 8 YCAOBUAX MOHONOAUU NPOOAGey, OPUEHINMUPYENICS
HA 803MONCHBLIL MAKCUMYM.

Karoueesvte caosa: usmenenue 00xodos; npeonosoxcenue Koysa; oduckpemmuiii cnpoc; mosapul
OdaumensHoeo nompebaenusi; 20mogHOCMb NAAMUMb.

1. Introduction. In a seminal article, Coase (1972) showed that the price of
durable goods decreases over time and may reach marginal cost right away in the pres-
ent period if the distance between periods is quite short. The economic idea implicit
in the conclusions of Coase (1972) is that if the time between various possible periods
of durable goods purchase by consumers is short, consumers' disutility from not
acquiring durable goods in the present period is practically nil, with consumers being
prepared to wait to acquire the goods in future periods when the price is lower. In
these circumstances, even a monopoly firm can be forced to lower the price in the
current period to levels close to the marginal cost.

There is a lack of specific study of the effects of the perspective of variations in
income on the demand for and price of durable goods, considering models with dis-
crete demand. On one hand, Macas Nunes (2009) analyzes the effect of the perspec-
tive of changes in consumers' income on the Coase conjecture, but considering a
model with continuous demand. On the other, Bulow (1982), Gul (1987), Ausubel
and Deneckere (1989), Sobel (1991), Waldman (1996), Denicolo and Garella (1999),
Mason (2000), Macas Nunes (2006) and Macas Nunes and Serrasqueiro (2008) use
discrete demand models with consumers with different willingness to pay, but do not
analyze the specific effect of variations in willingness to pay arising from predicted
variations in income.

This paper considers a model with discrete demand, two periods and two con-
sumers with different willingness to pay as a consequence of their different levels of
income. Its contribution is to show that if consumers foresee variations in income in
future periods with consequent changes in their willingness to pay, the Coase conjec-
ture can fail in various situations.

Maintaining the relationship between the two consumers' readiness to pay, as a
consequence of expecting a great increase in income in the future period, if the high-
income consumer's expectation is for a significant increase in his willingness to pay in
that period, compared to his willingness in the current period, then the price of
durable goods can rise over time and not necessarily decrease, as forecast by Coase
(1972). Low interest rates may also contribute to a rising price.

Besides, if the high-income consumer foresees a significant fall in income in the
future period, his willingness to pay decreases considerably in that period, and the
low-income consumer foresees a significant increase in his income in the future peri-
od and consequently a considerable increase in his willingness to pay, in such a way
that in the future period the income of the low-income consumer in the current peri-
od is greater than that of the high-income consumer in the current period, the price
may also rise.
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The paper is structured as follows, after this introduction: section 2 presents the
model, incorporating the assumptions, the optimization process and finally calibra-
tion of the model. Section 3 presents the conclusions of the paper.

2. The Model

2.1 Assumptions

The assumptions of the model are now presented. Just as Bulow (1982), Gul
(1987), Ausubel and Deneckere (1989), Sobel (1991), Waldman (1996), Denicolo
and Garella (1999), Mason (2000) and Macas Nunes and Serrasqueiro (2008), we
consider a model with discrete demand, in which utility is the difference between
what consumers are prepared to pay and what they effectively pay for durable goods,
ie,UT,=(V,-R)8'".

We consider two periods, the present period (period 0) and the future period
(period 1). We assume that the useful life of durable goods is two periods and that they
are produced in the present period. Therefore, if consumers acquire durable goods in
the current period, they are prepared to pay for their use in two periods, whereas if
they postpone purchase until the future period, they are only prepared to pay for use
in one period.

Just like Macas Nunes (2006), we consider demand is made up of two consumers
with different willingness to pay, the high-income consumer (consumer #) is prepared
to pay V), for durable goods, and the low-income consumer (consumer /) is prepared

to pay V, for durable goods, with V), >V, . If the high and low-income consumers
acquire durable goods in the present period, they are prepared to pay V),+V,0 and
Vi+V;6 respectively. If they acquire durable goods in the future period, high and low-
income consumers are willing to pay V,+AV;, and V;+AV,respectively, with A being the

variation of income foreseen by consumers in the future period.

Just like Macas Nunes and Serrasqueiro (2008), we consider that the monopoly's
marginal costs are constant, in this paper the marginal cost is k. We also consider that
the monopoly produces the units of durable good in sell period. In the case of con-
sumers' utility being the same in the present and future periods, they always choose to
acquire durable goods in the present period, that is, if the utility is identical in the
present and future periods, consumers prefer to acquire durable goods in the present
period rather than postpone purchase until the future period.

2.2. Optimization

Initially, we will consider that high and low-income consumers foresee increased
income in the future, maintaining the relationship between their willingness to pay.
Therefore, we have:

V, +AV, >V, + AV, >V, +V,6 >V, +V,0 . (1)

Lemma 1: If the most advantageous option for the monopoly is to discriminate prices
over time, the price may rise, i.e., the price in the future period can be higher than the
price in the present period.

Proof:

The monopoly has 5 different options when selling durable goods:

A. Discriminate prices over time, selling one unit of durable goods, at a price
between V,+V,0 and V,+AV), to the high-level consumer in the current period, and
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one unit of durable goods, at a price of V;+AV), to the low-income consumer in the

future period.
B. Sell one unit of durable goods, at a price of V},+V),6, to the high-income con-

sumer in the current period.
C. Sell two units of durable goods, at a price of V,+V,d, to the high and low-

income consumers in the current period.
D. Sell one unit of durable goods to the high-income consumer in the future
period at a price of V,+V},0.

E. Sell two units of durable goods, at a price of V;+AV), to the high and low-

income consumers in the future period.

If the monopoly chooses to discriminate prices over time, to determine the bal-
ance between consumers' expectations and the process of maximizing the monopoly's
profits over time, we must resort to the backward induction process.

Consumer # (high income) correctly anticipates the price the durable goods
monopoly will set in the future period. Opting to discriminate prices over time, the
monopoly sets in the future period a price equal to the low-income consumer's will-
ingness to pay, that is, P;=V;+AV,.

If consumer 4 acquires the durable goods in the present period, he will have a
utility given by:

UTy=(V,+V,6-F,). )

If consumer /4 opts to acquire durable goods only in the future period, his utility
will be given by:

UT, =(V,, +AV, —P,)5- (3)

Consumer /2 will be willing to acquire durable goods in the present period if the
utility from acquisition in the present period is at least equal to the utility of acquir-
ing it in the future period. Therefore, if the monopoly wishes to discriminate prices
over time, it sets P, so that the utility of consumer /4 in the present and future periods

is equal, therefore:

UT, =UT, & (V, +V,,0 -PF,)=(V,, + AV, —-P,)d . 4)
Consumer /4 knows that in the future period the monopoly sets AP;=V;+AV,, and
S0: (Vi +Vp8 —Pp) = (Vy +AV, ~V, —AV, )5 (5)

For consumer 4 to acquire durable goods in the present period, the monopoly

will have to set a price in that period equal to:
Py =V, +(V,+AV,)6 —AV,,6 . (6)
As mentioned above, in the future period the monopoly producing durable goods

sets:
P =V, +AV,. )
The monopoly's profit will be given by:
Tp=Pyxqg+P,xq0 —kx(1+38), ®)
and so we have:
Ta=(Vy, +(V,+AV,)0 — AV, 0 )x1+(V, + AV, )5 )x1-k(1+6), )
giving finally:
A=V, +2(V,+AV,)6 —AV,,6 —k(1+6). (10)

If the monopoly chooses to sell one unit of durable goods in the present period,
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since only the high-income consumer buys it, the profit will be:

g =Pyxqy —kx1, (11)
and so we have:
g =(V, +V,0)x1—-kx1=V, +V,6 —k. (12)

If the monopoly chooses to sell two units of durable goods in the present period,
since both consumers (high- and low-income) acquire it, the profit will be:

e =P,xqy—kx2, (13)
giving:
e =(V,+V,8)x2 -2k =2(V,+V,5) - 2k. (14)

If the monopoly chooses to sell one unit of durable goods to the high-income
consumer in the future period, we have:

p =Py xq;0 —kxdx1, (15)
and so we have:
p =(V, +AV, )0 x1-kd =(V,, + AV, )6 —kS§. (16)

Finally, if the monopoly opts to sell two units of durable goods to high and low-
income consumers in the future period, we have:

e =P xq;0 —kxéx2, 17)
giving:
g =(V;+AV,)6x2-2k=2(V, + AV, )6 — 2K$ - (18)

The monopoly chooses to discriminate prices over time, selling one unit of
durable goods to the high-income consumer in the present period and one unit to the
low-income consumer in the future period, if:

wpa>ng & 2(Vi+AV,)>V, + AV, +kd, (19)
Ta>nc &V, +2AV,5+k(1-8)>AV,6+ 2V, (20)
Ta>Tp &V (1-8)+28(V, +AV,)>2AV, 6 +k , 21
a>me &V, >AV, 8 +k(1-8) (22)

Given the situations presented above, the monopoly chooses to discriminate
prices over time. The price will tend to increase if:

PS>P,, (23)
that is,
(V,+AV, )6 >V, +(V, + AV, )d —AV,,0, (24)
and finally:

AV,6 >V, (25)

We find that the greater the forecast of increased income for the high-income
consumer in the future period, and the lower the interest rate, the greater the possi-
bility of the price increasing, that is, the greater the possibility of the price in the
future period to be higher than the price in the present period. In these circum-
stances, a fall in the price of durable goods over time may not be found, contrary to
the stated by Coase (1972).

Next we will assume the possibility of the high-income consumer forecasting a
sharp fall in his income in the future period, and the low-income consumer expect-
ing an equivalent increase in his income in that period.

Lemma 2: If the high-income consumer forecasts a sharp fall in his income in the
future period, and the low-income consumer forecasts a significant increase in his income
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in the future period, the price can also show a rising tendency, i.e., the price in the future
period can also be higher than that in the current period.

Proof:

If the high-income consumer in the current period expects a sharp fall in his
income in the future period, his willingness to pay diminishes considerably in that
period, and the low-income consumer in the current period expects his income to
increase greatly in that period, and his willingness to pay increases considerably in
that period, the following relationship may be found between the consumers' willing-
ness to pay:

V,+AV, >V, +V,0 >V, +V,6 >V, +AV,,. (26)

In the circumstances described above, in the current period, the low-income
consumer cannot acquire durable goods, since Vj,+V},0>V+V,d . Therefore, in the

present period the monopoly sets P,= Vh+Vh8.

In the future period, taking advantage of the low-income consumer's increased
income, the monopoly sets P=V,+DV,, the high-income consumer being unable to

buy durable goods because V,+DV,>V),+DV,,. So the monopoly manages to absorb all
the consumer excess, since it sets a price equal to the consumers' maximum willing-

ness to pay in each period. Therefore, the price is shown to rise since P1d>P0, if

(V,+AV,)6 >V, +V,,0

3. Conclusion. Considering a model with discrete demand, two periods and two
consumers with different willingness to pay, this article's contribution is to show that
the tendency for the price of durable goods to fall may not be found, in this way con-
tradicting the conjecture of Coase (1972).

On one hand, if both consumers expect increased income in the future period,
maintaining the relationship between the two consumers' willingness to pay, the pos-
sibility of the price increasing will be greater, the greater the increase in the high-
income consumer's willingness to pay in the future period compared to his willingness
to pay in the current period, and the lower the market interest rate.

On the other hand, if the high-income consumer foresees a considerable
decrease in his income in the future period, with a consequently significant reduction
in his willingness to pay in that period, and the low-income consumer expects a con-
siderable increase in his income in the future period, and consequently a significant
increase in his willingness to pay, the price may rise, since the monopoly can fix a
price equal to consumers' maximum willingness to pay in each period.
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