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Summary : This paper analyses how income distribution, Intellectual Property Rights and 

other regulatory policies such as minimum quality standards determine pricing strategies in 

a dynamic context where a monopolist periodically introduces new generations or upgrades 

of a durable good. This paper differs from Inderst’s (2003) or Koh’s (2006) in that 

discrimination through quality and screening take place in a context where consumers buy 

several (not a single) versions of the durable good during a lifetime. It differs from Glass 

(2001) in that here an equilibrium may emerge in which different consumer types replace 

their durable generations with different frequencies. Our model’s predictions or stylised 

facts are illustrated with data from the last Brazilian POF (household budget survey). 
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1) Introduction 

 

In this paper we analyse how income distribution, intellectual property rights (IPRs), and 

other regulatory policies, such as minimum quality standards, determine pricing strategies 

in a dynamic context, in which a single firm (referred to as “the monopolist”) periodically 

introduces new generations or upgrades of a durable good. 

 

In point of fact, several durable goods are subject to periodic quality improvements, some 

of them, like cellular phones or digital cameras, at impressive and ever increasing speeds. 

When consumers are simplistically assumed to be homogeneous, a single firm producing 

the state-of-the-art product may charge a price sufficiently low so as to eliminate from the 

market all older generations of the same product
1
. However, when consumers have 

different income levels or different valuations of quality improvements, multiple quality 

levels can sell simultaneously in the market. 

 

In this circumstance, time and quality are different elements that might be used by a 

monopolist to discriminate between consumers with different valuations/income levels. 

Even if the durable good came in a single quality, the monopolist could first charge a high 

price and sell the durable to “rich” or high-valuation consumers who have more to loose if 

they delayed their purchase. 

 

Of course this depends on the monopolist being able to commit not to change the price of 

its single quality product too fast in pursuit of adding up revenue from sales to poor 

consumers. This is referred to in the literature as “the commitment problem” or “the firm’s 

time inconsistency problem” and is examined by Inderst (2003). In his setup the monopolist 

makes only one sale of one unit of the durable good to each consumer, that is, the consumer 

buys the durable good only once in his lifetime. Time may elapse until the whole market is 

cleared (all consumers have acquired the durable good and the game ends). When the 

possibility of selling two different qualities at the same time enters the picture, a 

monopolist without commitment power will typically clear the whole market immediately, 

selling a top quality good to high-valuation consumers and a lower quality one to low-

valuation consumers, thus “committing” not to make a more attractive offer to these latter 

in the future. 

 

In our setup, quite differently, a monopolist with full commitment ability sells successive 

generations of the same durable good to each consumer in his (infinite) lifetime. This 

dramatically changes the relationship between quality discrimination and monopoly power: 

the prospect that the present durable good generation will be available in the market at a 

lower price in the future (when poor consumers make their purchases under discrimination) 

induces rich consumers to wait or displace their whole consumption program, so that the 

                                                           
1
 Quality improvement has first been modeled assuming that consumers were homogeneous, new products 

were perfect substitutes for old ones, the elasticity of demand was unitary, and per unit cost was constant. As 

a result of these assumptions, only one quality level would sell in the market, assuming the leading innovator 

engages in Bertrand price competition, employing a limit-pricing strategy. These are now textbook models 

and one of the ways to generate growth models with endogenous technical progress. See Grossman and 

Helpman  (1991). 
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monopolist must charge a lower price if he intends to prevent this waiting behaviour from 

high income consumers.  

 

Thence a trade-off emerges that was not present in Inderst (2003): by not resorting to 

quality discrimination the monopolist can charge high prices on rich consumers’ purchases 

but poor consumers’ waiting time (or “replacement period”) will be longer. A long 

replacement period, besides meaning a smaller overall number of purchases in a 

consumer’s lifetime, also brings along with it a high probability of imitation, in which 

event the sale of one of the generations by the monopolist is skipped. 

 

This latter trade-off can be more relaxed the older are the generations the monopolist is free 

to sell (the price to rich consumers under quality discrimination approaches the price to rich 

consumers under simple time discrimination or “screening”). The limit to how old 

generations can be put for sale is determined by competition/imitation or by a regulatory 

policy setting “minimum quality standards” as examined by Glass (2001).   

 

Glass’ (2001) setup is one in which the good that is innovated/upgraded is non-durable, and 

therefore consumers must buy some quantity every period. Successive generations of this 

non-durable become available over time in a quality ladder fashion, that is, there is a single 

constant rate of innovation and successful innovators are able to sell the state-of-the-art 

generation. With two consumers types (with different valuations) the oldest generation that 

may sell in equilibrium is the immediately pre-state-of-arts. Basically, there are two 

different kinds of equilibrium, depending on consumers types’ weights in population: in a 

“separation equilibrium” (corresponding to quality discrimination), whenever there is an 

innovation, the high-valuation consumers switch to the brand-new generation paying a high 

price and low-valuation consumers switch to what was until now the state-of-the-art 

generation paying a lower price. In a “pooling equilibrium” both consumers’ types pay the 

same price and only the state-of-arts generation sells. A common feature of both equilibria 

is that high and low valuation consumers replace their generations at the same rate, which is 

the model’s innovation rate.  

 

In our model, in contrast, income distribution and population parameters may induce 

equilibria (pricing strategies) in which both rich and poor consumers replace their 

generations at the same pace or in which rich consumers have a higher replacement 

frequency. Of course, in relation to Glass (2001) we loose one degree of generality: in our 

setup the rate of innovation is exogenous, and we normalise time units so that this rate is 

one innovation per period. 

 

 

1.1) motivation: empirical evidences from the Brazilian economy 
 

In the last 15 years or so, Brazil witnessed a considerable reduction in poverty, with 

millions of people entering the “middle class”. This evolution shows up when we compare 

the 2002-2003 version with the last, 2008-2009 version of the Household Budget Survey 

(POF, in Portuguese) conducted by IBGE, the Brazilian Institute of Geography and 
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Statistics
2
. Looking at POF’s section called “durable goods acquisitions”, with microdata 

on each household interviewed, zeros were pervasive in the first and second quartiles of the 

income distribution for many durable goods in 2002-2003, but not quite so in the 2008-

2009 version. Still, even nowadays the income distribution in Brazil is one of the worst in 

the world, with a Gini Index around .52 in 2012. Combined, these features of the Brazilian 

economy allow us to observe the same durable good being sold at very different prices 

(and, presumably, at very different qualities) inside POF’s sample. To take just a few 

examples, our price variability index (the durable good’s price mean deviation divided by 

its average, in the whole sample) is as high as .77 for electric stoves, .84 for lawnmowers, 

.95 for domestic telephone lines, 1 for loudspeakers and microphones, and 1.26 for CD-

ROMs in the 2009-2009 POF version. 

 

 

Bearing this in mind, the first piece of evidence we offer is the correlation between per 

capita income and price paid (at the household level) for each durable good in our POF 

subsample
3
 (see appendix 1 and figure 1 below). Excluding durable goods for which there 

were only 2 households making an acquisition (which thus rendered a correlation equal to – 

1 ou +1), we found a positive, average (cross goods) correlation of 0.20, being that for 54 

out of 65 durable goods the correlation is positive. Using consumer theory’s terminology, 

this simply reflects the well known fact that richer consumers have a higher “reservation 

price”. 

 

 

 
Figure 1: correlation between per capita income and price for selected durable goods 

                                                           
2
 POF’s sample is stratified by income and geographic region, so as to be representative of the whole 

Brazilian population. In the last two versions (2002-2003 and 2008-2009), around 50,000 households were 

interviewed. For details, see 

http://www.ibge.gov.br/home/estatistica/populacao/condicaodevida/pof/defaulttab.shtm 

 

 
3
 We excluded from the complete POF sample some cheap goods like combs, toothbrushes, etc., and 

idiosyncratic beauty, personal care arcticles.  

 



 5

The second piece of evidence we offer relates measures of income and price variability: 

for each durable good in POF’s sample, we construct an index of income variability ≡ 

income mean deviation / average income
4
 of the households which acquired the good; and 

an analogous index of price variability ≡ price mean deviation / average price. And then, 

considering the same 65 durable goods as before, we find a positive, 0.15 cross-good 

correlation between our income and price variability indexes. (see appendix 1.2 and figure 

2 below) 

 

 
Figure 2: price and income variability for 65 POF durable goods 

 

 

Although this second evidence adds information to the first evidence we showed (positive 

correlation between per capita income and price), as such this is not a surprising result: 

given the first evidence, we may expect that those goods or markets with a greater price 

variability “accommodate” a wider range of buyers’ income levels. Also, we may expect it 

to emerge under many different product market competition models, ranging from 

monopoly to perfect competition, provided that we have many distinct goods, “varieties” or 

“vintages” under each of the 65 durable headlines such as “colour TV”. 

 

The third piece of evidence we offer is far more interesting. It relates price variability and 

the relative frequency with which different income groups acquire new durables. In 

TABLE 1 below, all households in POF’s sample are split into two groups of the same size: 

the “rich” households being those with per capita income greater than the medium p.c. 

income, and the “poor” households being the other half. The figures in the fifth column 

(labeled “relfrequency”) show the ratio of the share of rich households to the share of poor 

                                                           
4
 Throughout our analysis, we consider the per capita income of the households in the survey, and not their 

total (joint) income. Notice that for each durable good we have a different subsample of households that made 

acquisitions, and thus a different pair of indexes (income variability, price variability). 
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households that bought each durable good in the year of the survey
5
. Since all the figures 

are bigger than one, POF data uncover the stylized fact that poor consumers tend to have a 

smaller replacement frequency of durable goods than rich ones. The last column is our 

index of price variability, defined above. 
 

 
Table 1  -  some results from Brazilian POF (Pesquisa de Orçamentos Familiares 2008-2009, IBGE). Durable 

acquisitions during one year.  

                                                           
5
 So the figures in the fifth column are obtained by dividing those in the 4th column (% of rich households 

that are buyers) by those in the 3rd column (% of poor households that are buyers). 

Durable good Total number of buyers % of "poor households" are buyers % of "Rich households" are buyers relfrequency price varabiability

Air circulator 81 0,068% 0,221% 3,26 0,51

Air conditioner 257 0,082% 0,834% 10,17 0,40

Air humidifier 10 0,004% 0,032% 9,00 0,64

Air purifier 5 0,007% 0,011% 1,50 0,41

Blender 4789 7,285% 9,791% 1,34 0,37

Cable TV Receiver 10 0,007% 0,029% 4,00 0,31

Caller ID 4 0,004% 0,011% 3,00 0,36

camera 427 0,210% 1,312% 6,24 0,43

CD-rom 11 0,014% 0,025% 1,75 1,27

Clothes dryer 54 0,043% 0,150% 3,50 0,63

Color TV 3202 4,778% 6,639% 1,39 0,54

digital camera 8 0,004% 0,025% 7,00 0,25

DVD Player 5034 8,330% 9,620% 1,15 0,36

DVD-rom 21 0,043% 0,032% 0,75 0,59

Electric coffee machine 226 0,143% 0,663% 4,65 0,54

Electric oven 263 0,218% 0,720% 3,31 0,39

electric shaver for men 49 0,014% 0,160% 11,25 0,50

electric shaver for women 7 0,004% 0,021% 6,00 0,22

Electric showerhead 6617 7,428% 16,166% 2,18 0,49

Electric stove 173 0,185% 0,431% 2,33 0,77

Electric toaster 72 0,071% 0,185% 2,60 0,54

Electric vaporizer 20 0,004% 0,068% 19,00 0,31

Electronic filter 8 0,007% 0,021% 3,00 0,43

Fan 4702 7,285% 9,481% 1,30 0,43

Freezer 177 0,171% 0,460% 2,69 0,32

Gas stove 2064 3,070% 4,289% 1,40 0,49

Hair dryer and/or iron 1593 1,576% 4,104% 2,60 0,47

Home theater 67 0,075% 0,164% 2,19 0,45

Iron 4221 5,245% 9,805% 1,87 0,35

Landline telephone 62 0,061% 0,160% 2,65 0,95

Laptop computer 123 0,029% 0,410% 14,37 0,40

Laserdisc player 28 0,029% 0,071% 2,50 0,77

Loudspeaker, tweeter, megaphone, microphone 25 0,011% 0,078% 7,33 1,01

Microcomputer 1274 0,824% 3,719% 4,51 0,32

Microwave Oven 968 0,674% 2,777% 4,12 0,25

MP3 Player 126 0,107% 0,342% 3,20 0,48

MP3/MP4/MP5 Player 48 0,036% 0,135% 3,80 0,69

MP4 Player 130 0,096% 0,367% 3,81 0,43

MP5 Player 20 0,011% 0,061% 5,67 0,44

MP's 317 0,246% 0,884% 3,59 0,53

Pen drive 76 0,025% 0,246% 9,86 0,49

Plastic swimming pool 33 0,032% 0,086% 2,67 0,60

Portable radio 1300 1,990% 2,646% 1,33 0,70

Printer 219 0,089% 0,692% 7,76 0,30

Refrigerator 1421 1,965% 3,102% 1,58 0,34

Satellite dish and equipment 750 1,244% 1,430% 1,15 0,25

Stereo 75 0,111% 0,157% 1,42 0,63

telephone 431 0,285% 1,251% 4,39 0,66

TV antenna 161 0,225% 0,349% 1,56 1,09

Vacuum cleaner 233 0,039% 0,792% 20,18 0,38

VCR 12 0,018% 0,025% 1,40 0,41

Video camera 13 0,004% 0,043% 12,00 0,47

Video game system 206 0,221% 0,513% 2,32 0,49

Voltage regulator 5 0,011% 0,007% 0,67 0,62

Walkman 71 0,078% 0,175% 2,23 0,67

Washing Machine 10 0,007% 0,029% 4,00 0,38

Washing Machine 971 1,080% 2,382% 2,20 0,53

Water purifier 193 0,146% 0,542% 3,71 0,75
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Further restricting the former list of 65 goods (for which there were more than 2 buyers) so 

that there are now at least one “rich” and one “poor” household with non-zero entries, we 

are left with 58 goods, for which we find a negative correlation of  ─ .21 between price 

variability and “relfrequency” (the relative shares of rich and poor consumers that made an 

acquisition during the year 2008-2009). So it seems to be the case that, for durable goods 

which are not very price-differentiated, rich consumers make purchases with a much bigger 

frequency than poor consumers. Conversely, for durable goods which are very price-

differentiated, poor consumers make acquisitions with almost the same frequency as rich 

consumers. 

 

 

 
Figure 3: relative (per income group) acquisition frequency and price variability, for 58 POF durable goods 

 

 

Now, most of durable goods in the survey (POF) are home appliances, a sector marked by  

considerable market power in the Brazilian economy
6
. And assuming that a high price 

variability must reflect the fact that a durable good is being sold in many different models 

(ranging from the simplest to the most sophisticated) and/or “generations” (from the state-

of-the-art to the almost obsolete), then this third piece of evidence or “stylized fact” from 

Brazilian POF strongly suggests the kind of strategic monopolistic behavior (quality and 

time discrimination) discussed in section 1 above. The model we develop next is intended 

to rationalize this stylized fact and, incidentally, also the second piece of evidence relating 

income and price variability.   

 

 

 

 

 

                                                           
6
 In another paper (Correia and Moita 2011), I and a different co-author have calculated both Lerner and 

Hinferdahl-Hirschman indexes for 3-digit industries/sectors of the Brazilian economy. The Hinferdahl-

Hirschman index for home appliances is around 0.51, ranking 198 (highest) out of 232 sectors. 
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1.2) literature revision :  as usual, there exists a vast related literature. Here we offer only 

a sketchy map: 

 

 

−−−−  Multiple (two) qualities; heterogeneous consumers (two). Two competitors instead of a 

single monopolist: Gabszewicz&Thisse (1979) 

 

−−−−  Single quality; dynamic analysis; one monopolist: Stokey (1981) 

 

−−−−  Product life cycle and income distribution: Horsky (1990) 

 

−−−−  Multiple qualities; dynamic analysis; one monopolist: Bagnoli, Saland and Swierzbinski 

(1995); Takeyama (1997) introduces copying; Inderst (2003) 

 

−−−−  Successive product generations or upgrades; single monopolist: Fudenberg&Tirole 

(1998); Villas-Boas (1999).  Fishman&Rob (2000) introduce endogenous growth 

 

−−−− Successive product generations or upgrades; two competing firms; endogenous growth; 
quality ladder model: Glass (2001) 

 

− Agents facing a trade-off between buying a new generation of the durable good and 

keeping the level of non-durable consumption; durable and non-durable as complementary; 

intertemporal allocation of income (non-durable consumption); monopolist practising 

Intertemporal Price Discrimination: Koh (2006) 

 

 

1.3) paper organisation: 

 

In section 2 we describe consumers’ behaviour, showing how reservation prices for 

durable-goods acquisitions and frequencies of generation renewals depend on income. In 

section 3 we present the two basic dynamic pricing strategies: non-discrimination and 

discrimination. In section 4 we show how the choice between non-discrimination and 

discrimination by the monopolist depends on income distribution, minimum quality 

standards and IPRs. Section 5 concludes. In the APPENDIX we present data from the last 

Brazilian POF (household budget survey), which has motivated our modelling. 
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2) Consumers’ behaviour  

 

The infinite time functional is: 

 

                     10    ,    
0

0 <<⋅=∑
∞

=

∞ ββ
t

t

t
uU                                                                          (1) 

 

The instantaneous utility is: 

 

                     ( ) ( )tttt zpyqu ⋅−+⋅= ln1ln                                                                             (2) 

 

in which 

 

1  is the quantity of durable good 

 

qt  is the quality of the durable good available for the consumer at time  t 

 

yt  is the quantity of non-durable good available at time  t  (proxy for income) 

 

p  is the the durable’s price measured in units of non-durable 

 

zt = 0  if the consumer doesn’t purchase a new generation of durable at time  t 

 

zt = 1  if the consumer purchases a new generation of durable at time t 

 

If we assume that purchasing the new generation of durable good is not a big burden on the 

consumer’s budget (income), then we can 1
st
 order approximate (2) as

7
 

 

                  tt

t

tttt dypp
y

zyqu =⋅⋅−+⋅=    ,         
1

ln)1ln(                                                  (3) 

 

Setting q0 = 1,  we assume 
s

tq  λ= , where 1>λ  and [ ]ts  ..., 2, , 1∈  is the last period in 

which the consumer acquired a new generation of durable, which implies, in particular, 
t

tt qz  1 λ=⇒= .  So the durable good does not depreciate physically, providing a perpetual 

constant flow of services/utility per period, whose level depends only on the generation it 

belongs to. 

 

Let’s also assume, for simplicity, that income is invariable over time, tyyt    ,  ∀= . 

 

                                                           
7
 If we further assume that what is being purchased is not a new durable good (for example, a new computer), 

but rather an updating service on the existing durable (a software, for example), then we can skip modelling a 

secondary market for old durable goods. So a  typical consumer will not buy a single unit of the durable good 

but several updatings during his lifetime. 
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Consider a consumer who arrives at time  T – 1  with  1

1
−=−

Ts

Tq λ , [ ]1 , 1   1 −∈− TsT
. So at 

time T  she/he faces the problem of choosing between 

 

p
y

yu
T

T ⋅−+≡
1

lnln λ  , if she/he buys the generation for sale at T 

 

and 

 

yu Ts

T lnln 1 += −λ   ,  if she/he doesn’t buy 

 

 

So 

 

              ( ) p
y

sTuu TTT ⋅−⋅−=− −

1
ln 1 λ                                                                             (4) 

 

By (4) we see that, given  p and  y , the consumer  will be willing to buy a new durable 

generation at time T, that is,  
TT uu   > , when the durable’s generation she/he possesses at 

time T-1 is obsolete, that is, ( )1−− TsT  is big enough. On the other hand, given  p and  

( )1−− TsT  , the consumer  will be willing to buy a new durable generation at time T when 

her/his income y is big. 

 

Let’s assume for the moment that “rich” consumers choose replacing their durable’s 

generation every period
8
, what amounts to an improvement  of λ times in the durable’s 

quality every period. The condition for a rich consumer to do so is: 

 

             λλ ln
1

ln ⋅≤⇒⋅≥ r

r

ypp
y

                                                                                   (5) 

 

,in which yr is the rich consumer’s income. Expression (5) gives an upper bound to p 

assuming rich consumers change the durable’s generation every period, and is therefore 

obtained from (4) with 11 −=− TsT  .
9
 

 

Let us analyse now the “poor” consumer’s problem: inspection of (3) above shows that if it 

paid-off buying a new generation at time t = 1, then it would pay-off changing the durable’s 

generation every period, since the gain from jumping one generation up is constant and 

equal to λln=du . So we define the “waiting time” or “replacement period” of the poor 

consumer as 

                                                           
8
 Later, this will be proved to result from an optimal pricing strategy of the durable producer’s.. 

 
9
 Our idea of an upper bound to the price charged by the monopolist is essentially the same as in Fishman and 

Rob (2000): “If old models in the consumer’s possession continue to be functional after a new model appears, 

the monopolist can only charge for the incremental flow of services the new model provides.” (pg. 3)  
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              p
y

rr
p

pp ⋅≥⋅≡
1

ln such that   ...) ,4 ,3 ,2( min λ                                                     (6) 

 

, in which yp is the poor consumer’s income. If time were continuous, or for a small λ, we 

would have 

 

             p
y

r
p

p ⋅=⋅
1

ln λ                                                                                                      (6’) 

 

In the above equality, the left side is the gain from changing the durable’s generation; the 

right side is the cost in terms of the utility of foregone non-durable consumption. 

Obviously, 

 

( ) 0   6 <⇒
p

p

dy

dr
  and  0>

dp

drp
 

 

, that is, the poorer the consumer is, the longer it takes for her/him to replace her/his 

durable’s generation. And a price reduction leads the poor consumer to increasing her/his 

replacement frequency. 

 

 From (5) and (6’) comes 

 

                    
p

r
p

y

y
r ≤                                                                                                              (7) 

 

That is, if the price charged on new generations is such that rich consumers replace their 

generations every period, then the time poor consumers wait to do so is not greater than the 

ratio between income levels. 

 

 

3) Dynamic pricing strategies 
 

 

3.1)  Non-discrimination 

 

Recall we assumed that innovation is a process with memory so that a single firm launches 

all new generations in the durable good market. The simplest pricing strategy this 

monopolist can use is “non-discrimination”, which here means that one generation of the 

durable good is sold for a single price over time and no two different generations are for 

sale at the same time. It may be the case that poor consumers buy new generations with a 

smaller frequency, but whenever they make their purchases they are taking the same 

product rich consumers take. 
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If the single price under “non-discrimination” were just sufficient for the poor to buy the 

new generation at every period 

 

               pyp ⋅= λln                                                                                                          ( 8 ) 

 

,then by (6’) we would have rp = 1. But this is only one possibility. More generally, 

consider 

 

               1   ,  ln ≥⋅⋅= γλγ pyp                                                                                         ( 9 ) 

 

, then by (6’) we have γ=pr  for the poor consumer. For the rich consumer, two 

possibilities open up from ( 9 ): 

 

9.i)     ⇒≡≤⇔⋅≤
p

r
r

y

y
yyp γλln  the rich consumer will still buy a new generation every 

period. 

 

9.ii) ρρλργλ =⇒>⋅⋅=⇔≡>⇔⋅> rr

p

r
r ryp

y

y
yyp 1 , lnln , that is, the rich 

consumer will buy a new generation less than every period, with rr being the rich 

consumer’s waiting time, analogous to rp. 

 

However obvious, there can be established the following 

 

Proposition:  9.ii above is never an optimal strategy for the monopolist 

 

Proof:  Starting from 
ryp ⋅= λln , increasing the price means multiplying it by a factor ρ 

, but also multiplying rp and rr  by  ρ, so that if a consumer type ( )rpj ,∈  used to buy a 

new generation 1/rj times every period when 
ryp ⋅= λln , now he/she will buy a new 

generation )(1 jr⋅ρ  times every period when 1 , ln >⋅⋅= ρλρ ryp . When the price is 

multiplied by ρ, the purchasing frequency is divided by ρ, but since the future is discounted 

by a factor β < 1  - see expression (1) above - this amounts to reducing the present value of 

the revenues (profits) stream of the monopolist. 

 

So the price under “non discrimination” will be given by ( 9.i ) and the high income 

consumer will buy a new generation every period. In order to calculate monopolist’s 

revenues, we still have to consider population parameters and the possibility of 

imitation: 

 

Call 

 

≡rn number of rich consumers   and   ≡pn number of poor consumers 



 13

 

We already know that γ=pr . Assume also that np is big enough so that poor consumers’ 

purchases are uniformly distributed over time. In this case, the expected number of poor 

consumers changing their durable’s generation in a one period span of time is  γpn . 

Obviously, the number of rich consumers changing their durable’s generation in a one 

period span of time is nr.  

 

Now imitation is conceived of as a process by which other firms may become able to 

produce state-of-the-art generations with probability i from the very moment those new 

generations become available in the market. Imitation is assumed to be a memoryless 

process  in the sense that expertise is not cumulative, that is, if I fail to imitate generation t 

at time t, my probability of imitating generation t at time t + 1 is i, the same as my 

probability of imitating generation t + 1 at time t + 1.  If there are many rival imitative 

firms engaged in price competition, then the only Nash equilibrium in imitation strategies 

will be that only the state-of-the-art generation is targeted by imitators. We also assume that 

information flows freely and instantaneously inside the imitators’ community, so that 

whenever imitation is successful, all imitators become able to produce
10

. Assuming for 

simplicity that imitation and production costs are zero, Bertrand competition on the part of 

successful imitators will drive the price to zero, causing the monopolist a total loss. 

 

Our innovative monopolist will realise its sales only if imitation fails, what happens with 

probability (1 – i) for rich consumers and probability (1 – i)
γ 
 for poor consumers, so that its 

expected revenue per period is 
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                                                ( 10 ) 

 

Expression (10) reveals a trade-off present in pricing decisions when there is no 

discrimination: on the one hand, reducing γ  is the same as reducing the new generation’s 

price, leading to smaller revenues per period from sales to rich consumers while leaving 

sales to poor consumers unaltered
11

 ; on the other hand, reducing γ  leads poor consumers to 

increasing their replacement frequency, 1 / rp , in a context where there is imitation and the 

bigger rp  the more likely imitation will occur, thus increasing the expected value of sales 

revenues per period. One may regard the other pricing strategy, discrimination, as a means 

of relaxing this trade-off. 

                                                           
10

 Put another way, imitators don’t run independent projects, and i is already the aggregate probability of 

imitation. 

 
11

 Sales to poor consumers remain constant because if the price is reduced to, say, a half, then the number of 

poor consumers that in one period will replace their durables’generation is exactly doubled. This follows from 

the already known fact that γ=pr . 
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3.2) Discrimination 

 

Consider a poor consumer willing to buy a new generation at time t. Using the same 

notation as above
12

, it must be 
tt uu   ≥  and  

11   −− < tt uu . Put another way, given the 

definition of rp, 

 

p
y

r
p

p ⋅<⋅−
1

ln)1( λ ,  that is, given p, yp and  λ , a poor consumer wouldn’t buy a new 

generation one period earlier. But at a smaller price he would − consider thus 

 

              dp

p

pd p
y

r ⋅≥⋅−
1

ln)( λδ                                                                                 ( 11 ) 

 

where pdp denotes the “low” price of a durable α generations old. This price is chosen by 

the monopolist so as to make the poor consumer to be willing to switch generations of the 

durable good every rpd  − δ  periods, where  rpd  is the time lag for the switching by the poor 

consumer should she/he face the “high” price pd : 

 

              d

p

pd p
y

r ⋅=⋅
1

ln λ                                                                                          ( 6’’ ) 

 

So the fundamental feature of “dynamic price discrimination” is that the monopolist will 

induce low income consumers to buy a product that is already α generations old and to 

anticipate (δ  periods) their purchases, shortening the period in between purchases, while 

high income consumers will keep buying the state-of-the-art product at every period. This 

implies that more than one generation of the (same) durable good are for sale in the 

market
13

. Typically, poor consumers pay the “low” price pdp for the old generation, and rich 

consumers pay the “high” price pd for the new generation. 

 

It is worth noticing that α, the age (number of periods since introduction in the market) of 

the old generation product, does not enter expression ( 11 ) above. This is because in a 

“steady-state” in which poor consumers always buy durables that are already  α  

generations old
14

, the only thing they care about is the size of the quality step they take, that 

is, (rpd  − δ ) · ln λ .   

 

                                                           
12

 See expression (4) above. 

 
13

 Two generations may be for sale at the same time in Glass’s (2001) model, but not in Inderst’s (2003)  or 

Koh’s (2006) because in their setups there exists only one “new generation” and the consumer buys it at most 

once in a lifetime. 

  
14

 “Old” in the sense of being an old model, not in the sense of second hand products. 
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Indifference towards α is not true, however, for rich consumers − they face the ex ante 

choice between buying the durable’s generation t at time t, paying pd for that, or buying 

generation t at time  t + α  paying only pdp . When the probability of imitation is properly 

taken into account, this amounts to comparing 
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               ( 12 ) 

 

Expression ( 12 ) is written as the condition for a rich consumer to be willing to buy 

generation t at time t, paying pd for that, rather than buying generation t at time  t + α  

paying only pdp. The left side can be viewed as the expected gain from not waiting and the 

right side as the expected gain from waiting, although the rich consumer is in both cases 

replacing generations every period. For the inequality ≥ above to hold, pd cannot be too 

much bigger than pdp ; for although the gain from waiting is time discounted (by a factor 
αβ ), waiting brings about a bigger probability of imitation, in which case the consumer 

doesn’t pay anything for a new generation.
15

 

 

If prices are such that ( 12 ) above holds with equality, that is rich consumers are indifferent 

between waiting and not waiting, we can solve it for pdp  as a function of  pd : 
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Now we are ready to solve for the endogenous variables pdp, pd and rpd  − δ : Using (11) 

with = , (6’’) and (13) comes  
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15

 On the right side of expression (12), the factor (1 – i) appears raised to the power α + 1 (plus 1) for the 

same reason why the expected cost of not waiting on the left side appears multiplied by  (1 – i ): as before, we 

assume there existis a probability of instantaneous imitation, so that if I wait, say, 5 periods to buy a 

generation invented 5 periods ago, there are actually 6 instances in which imitation can take place. 
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And, by substituting (15) in (11), 
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Inspecting (13), we see that as ddp pp →→  , 0α  and thus discrimination disappears. It is 

worth thinking of α as a choice variable constrained by what Glass (2001) calls “minimum 

quality standards”, when the government forbids sales of too old generations. The limit 

case is when the government allows only state-of-the-art generations to be sold in the 

market, in which case α = 0 and discrimination is impossible. When the quality standard is 

some positive integer α  , the choice of α  must befall on {1, 2, ..., α }. 

 

 

In order to calculate the monopolist’s expected revenue per period under discrimination, an 

expression analogous to (10) above, we first notice that a sale for rich consumers will be 

realised with probability (1– i), and for poor consumers with probability ( ) δ  
 1

−
− pdr

i .
16

  

Next, remind that while all nr rich consumers replace their generations in one period, the 

number of poor consumers to do so is 
δ−pd

p

r

n
. So the expected revenue per period is 

 

             ( ) ( ) δ

δ

−
−⋅⋅

−
+⋅−⋅= pdr

dp

pd

p

drd ip
r

n
pinV

 
11                                                (17) 

 

 

Using  (14), (15) and (16) in (17): 
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 Since a successful imitation in any of the  rpd  − δ   periods the poor consumer waits would frustrate a paid 

generation renewal.  
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In expression (18), the monopolist takes as given the parameters and exogenous variables: 

λ, nr, np, yr, yp, β, i and α .  If α  = 1, then discrimination can only take place with α  = 1 

and the only choice variable is δ, the number of periods the poor consumer’s generation 

replacement is anticipated. This choice of δ  is in turn constrained by: 

 

a lower bound δ  = 0    −−−− since δ  < 0 would mean that the monopolist charges pdp such that 

the poor consumer actually postpones her/his generation replacement relative to what 

she/he would do under pd, what in turn would imply pdp  > pd , an absurd by definition of pdp 

and pd. 

 

an upper bound we find by setting rpd  − δ  = 1 in expression (16) above   −−−− after all, since 

we assume that new generations are launched at a rate 1 per period, the minimum a poor 

consumer can wait to replace her/his durable generation is the same as a rich consumer do, 

that is, 1 period.  This upper bound is given by 
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4) Income distribution and pricing strategies 

 

 

Here we address two related questions: 1) Given parameters and exogenous variables’ 

values, which value of γ  maximises V, the monopolist’s expected revenue per period under 

non-discrimination, and which pair of values ( )αδ ,  maximise Vd, the monopolist’s 

expected revenue per period under discrimination ?  2) Under which circumstances is the 

maximal Vd > maximal V , so that discrimination is a dominant strategy? In particular, how 

does this depend on population parameters (nr, np), income inequality (
pr yyy ≡ ), 

Intellectual Property Rights (IPRs, parameterised by i) and time preferences/interest rates 

(β )? 

 

It is easier to tackle question 2 first, deriving a sufficient condition for maximal Vd > 

maximal V. To simplify the notation, let us adopt the following normalisation: 
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Now suppose γ* is the value of  γ  which maximises V’. If, in Vd’, we set, 
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then we have 
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But when does this condition apply? Substitute, in (22), the lower bound δ = 0, to obtain 
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If the maximizer γ* is smaller than the value given by (24), we have maximal Vd’ > 

maximal V’ with a positive value for δ. Put another way, more loosely, when V’ is 

maximised with a small enough γ value, we can be sure that discrimination is a better 

strategy. Inspecting expression (20) we see that this happens when sp, the share of poor 

consumers in population, is large and/or when the probability of imitation i is high. The 

intuition behind this result should be obvious to the reader.
17
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 In PANEL 1 below we plot V´ as a function  of  g for several sets of parameters values. 
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However obvious, this result is already different from what we find in Glass (2001): there 

she calls a “pooling equilibrium” a situation where both types of consumers pay the same 

price for a new (state-of-the-art) generation, that is, the same as “non-discrimination” here. 

Well, in our model, except for the trivial cases when α = 0 or sr = 0, we will never observe 

a pooling equilibrium with pyp ⋅= λln , that is, γ = 1 in expression (9) above; because we 

know that under these circumstances discrimination would be a better strategy. On the 

contrary, in Glass (2001), owing to the classical quality ladder model’s feature that the 

firms which produce the state-of-the-art and the pre-state-of-the-art generations are rival 

(not a single monopolist), the pooling equilibrium price is always given by the lowest 

evaluation in the market, that is, the poor consumer’s evaluation. 

 

In our model, if non-discrimination (pooling) prevails, then γ * is surely bigger than 1.
18

  

This has another important consequence: rp, the poor consumers’ replacement period, will 

always be > 1, since we know that rp = γ. Thus a stylised fact must be observed under non-

discrimination: poor consumers will have a smaller replacement frequency than rich 

consumers. With respect to the replacement frequency, how does discrimination look like?  

To answer this, we must go beyond the sufficient condition derived in (22) – (24) above. 

Taking the first derivative of Vd’ with respect to δ  we get 
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, which has an ambiguous signal. While taking the second derivative we get 
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So the Vd’  schedule looks like the one plotted in GRAPH 1 below
19

: 
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 Actually, γ* will always be maximal (equal to y) in those cases, as can be inferred by the shape of V’ 

schedule, depicted in PANEL 1 below. 

 
19

 Actually, the graph below is Vd’ plotted for i = 0,1 , β = 0,8 , y = 8 , α = 1,  sr = 0,1.   
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GRAPH 1 –   Vd’ as a function of  δ 

 

 

When a function like Vd’ is maximised with respect to δ within an interval 

[ ]δδ   toboundupper   ,    toboundlower  , the result is always a corner solution, that is, either  

δ  = 0 or the upper bound ( ) ( )[ ] ( ) 1111 −−⋅+⋅−−=
ααα ββδ iyi  . 

20
  But substituting δ  = 0 

in expressions (14) and (15), we see that that means pd = pdp, that is, non-discrimination. So 

the conclusion is: if doing discrimination pays-off, then this is done with δ  maximal, what 

in turn implies rpd − δ  = 1, and poor consumers replace generations every period, like rich 

consumers do. When the monopolist is allowed to sell old enough stuff (α  > > 0), then it 

maximises its profits by making poor consumers replace their generations with the greatest 

frequency possible. On the contrary, if α  is small, so that the upper bound to δ  is small, 

then the monopolist will resort to non-discrimination.
21

  

 

Also, the upper bound to δ  is decreasing in the time factor β : When β  is small (the interest 

rate is high) and the future is much discounted, discrimination is likely the best strategy 
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 This last value comes from expression (19) above. 
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 The reader will notice that in the text we are implicitly assuming first that the upper bound to δ  is 

increasing in α, what, inspecting expression (19) we see it is true for y big enough. Second, and more 

important, we are assuming the monopolist will always choose αα =  (maximal allowed) so as to choose the 

biggest δ  and thus maximise Vd’ . More formally, what must be considered in choosing α is  
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because the monopolist can open a big wedge between a high pd and a low pdp without 

fearing that rich consumers will prefer waiting to buy old generations of the durable good. 

 

Finally, the way how income inequality (y) affects the monopolist’s strategy choice is a bit 

more complicated. Consider the sufficient condition derived above: By (19) the upper 

bound to δ  is clearly increasing in y, while by (23) the difference Vd’ − V’ is increasing in 

δ, so that it might appear that the bigger is y the more it pays-off to discriminate. However, 

this reasoning holds only as long as the sufficient condition applies, that is, when V’ is 

maximised with a small γ value, which in turn is not true for y too big. Leaving the 

sufficient condition aside and performing full maximisation of Vd’ and V’ for a given set of 

parameters values, we plot below (GRAPH 2) a typical schedule of the difference DIF ≡ 

Vd’ − V’ as a function of y:  

 

 

 
 
GRAPH 2 - the difference DIF ≡ Vd’ − V’ as a function of  y  

(for parameters values  sr = 0,1 ; i = 0,2 ; β = 0,9 ; α  = 2) 

 

 

So typically the difference first increases with y (while the optimal non-discrimination price 

is based on the poor consumers’evaluation, that is, γ close to 1 ), but eventually it will fall 

below zero when y gets too big  (so that poor consumers don’t represent a big share of the 

market income and the optimal non-discrimination price is based on the rich 

consumers’evaluation).  

 

This contrasts with Koh’s (2006) striking result that, even when consumers and the 

monopolist have the same rate of discount, (intertemporal price) discrimination is always 

dominant over a constant price (non-discrimination), while in Stokey (1979) discrimination 

was always a dominated strategy. Koh’s result is due to the realistic assumption that 

consumers face an intertemporal budget constraint, that is, they can borrow or lend money 

(non-durable good) over time. So although this is not the main focus of our paper, we are 

left with explaining a third possibility, namely, that each strategy (discrimination and non-

discrimination) may in turn be dominant. An exhaustive demonstration is beside the point 

here, but we may say that this implication of our model follows from the fact that the 
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monopolist here is constrained by minimum quality standards (recall α  above), so that it is 

not entirely free to choose how old are the generations it sells to poor consumers.  

 

 

5) Conclusions 

 

Recollecting the results we got, we may say that discrimination is likely to occur when 

income distribution is bad (high sp and high y) but poor consumers still represent a not 

negligible share of the economy’s income (y cannot be too high); when IPRs are low (high 

probability of imitation i); and when the future is very much discounted (low β , what can 

be interpreted as a high interest rate). Another necessary condition for discrimination is that 

quality standards are absent or not too strict − more generally, we may say that 

discrimination is likely to be observed in markets where old generations/models sell at the 

same time that state-of-the-art ones. The pricing strategies (discrimination and non-

discrimination) influence the poor consumers’ replacement frequency in different ways: 

under discrimination, poor consumers will have the same replacement frequency as rich 

consumers, while under non-discrimination poor consumers are expected to take more time 

to replace their durable good’s generation.  

 

To finish, there are two remarks we would like to make: 

 

The first has to do with the impact of income distribution on welfare in our model. To 

illustrate this point, consider 3 “poor” consumers with identical incomes (as measured in 

terms of our model’s nondurable good), but each living in a different economy, the 

economies being isolated from one another and each served by a monopolist like the one in 

our model: the first consumer lives in a place where almost everybody is poor and income 

inequality is low; the second guy lives in a place where the share of poor consumers is big 

and income inequality is high; the third lives in a place where the share of poor consumers 

is small and inequality is big. Then our model predicts that the first guy is better off than 

the second guy, who is better off than the third guy: the first guy may very well be 

replacing his durable’s generation with a high frequency paying a low price; the second guy 

will pay a higher price but still enjoy a high replacement frequency; the third guy will pay 

an even higher price while having a low frequency. 
22

 

 

The second remark has to do with the conclusion we reached that discrimination is more 

likely to be the underlying phenomenon in markets where old generations/models sell at the 

same time that state-of-the-art ones. Maybe this helps explaining the fact observed in 

Brazilian POF (Household Budget Survey, see section 1.1) that while rich consumers 

replace their laptop computer models with much greater frequency than poorer consumers, 

both rich and poor consumers seem to be replacing their CD-roms with roughly the same 

frequency. Indeed, when we inspect what is for sale at those different markets, we see that 

practically only latest generations of laptop computers are fabricated, while many different 

vintages/models of CD-roms are being currently fabricated. Recall that in our model 

discrimination involves simultaneous fabrication/sales of different generations and that 

                                                           
22

  By a “poor” consumer we should understand someone who is nevertheless able to buy the durable good, so 

the above illustration does not apply to immiserized populations. 



 23

under discrimination both poor and rich consumers are expected to be replacing their 

generations with the same (maximal) frequency. Prices charged on the same good are 

expected to differ considerably, what seems to be the case for CD-roms when we take the 

price mean deviation divided by the average price in spot markets (our “price variability” 

measure). Under non-discrimination, on the contrary, only state-of-the-art durables sell, and 

poor consumers will be replacing their generations at a smaller pace. There is a single price 

charged on each good, what grossly seems to be the case for laptop computers, which have 

a much smaller price variability. 
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PANEL  1  -  V´ as a function  of  g for several sets of parameters values 
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APPENDIX 1  −−−−  SOME EMPIRICAL EVIDENCES FROM BRAZILIAN POF 

 

 

1.1) household per capita income X price correlation for each durable good: 

 

 
 

 

 

durable good Correl (pc income , price)

Palm top -0,9166

Electric faucet -0,9089

Voltage regulator -0,4904

Air humidifier -0,3791

Electric oven -0,2314

Electric toaster -0,2231

VCR -0,139

Lawn mower -0,1049

fiberglass swimming pool -0,0883

Stereo -0,0835

Landline telephone -0,0495

Electric stove 0,0177

electric shaver for women 0,0233

Satellite dish and equipment 0,0305

Answering machine 0,0507

Portable radio 0,0524

Laptop computer 0,0576

Vacuum cleaner 0,0646

electric shaver for men 0,0649

Laserdisc player 0,0677

Printer 0,0725

DVD-rom 0,0984

Video camera 0,1059

Pen drive 0,1148

Hair dryer and/or iron 0,1198

DVD Player 0,1367

Air circulator 0,1376

Iron 0,153

Blender 0,1588

Air conditioner 0,1624

Fan 0,1627

camera 0,1649

Water purifier 0,1671

Electric vaporizer 0,1753

Freezer 0,178

MP's 0,1933

telephone 0,2018

Refrigerator 0,2065

Microwave Oven 0,2071

Gas stove 0,2298

TV antenna 0,2384

Microcomputer 0,2385

MP3/MP4/MP5 Player 0,2403

Electric showerhead 0,2687

Plastic swimming pool 0,2824

Video game system 0,2838

Washing Machine 0,328

Color TV 0,3523

Electric coffee machine 0,3654

Heater 0,3746

Home theater 0,4424

Cable TV Receiver 0,4628

Loudspeaker, tweeter, megaphone, microphone0,4633

CD-rom 0,4699

Washing Machine 0,4771

Walkman 0,4871

Exhaust hood 0,6722

Electronic filter 0,6903

Electric water heater 0,7215

digital camera 0,7273

Cable Box 0,781

Clothes dryer 0,811

Air purifier 0,9538

Minibar 0,9928

Caller ID 0,9939
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1.2) income and price variability per durable good: 

 

 
 

 

 

durable good INCVAR PRICEVARAB

Palm top 0,1811403 0,1890548

Electric faucet 0,4686549 0,360409

Voltage regulator 0,7058386 0

Air humidifier 0,6462983 0,5887509

Electric oven 0,8014928 0,3524642

Electric toaster 0,8981212 0,3494147

VCR 0,6944928 0,4294412

Lawn mower 0,3094821 0,8393594

fiberglass swimming pool 0,3291048 0,5872927

Stereo 0,9114473 0,6024374

Landline telephone 0,6802527 0,9624621

Electric stove 1,036771 0,7873406

electric shaver for women 0,4301428 0,2135385

Satellite dish and equipment 0,8395101 0,241617

Answering machine 0,5546221 0,2059415

Portable radio 0,7994688 0,7123695

Laptop computer 0,7982554 0,4128379

Vacuum cleaner 0,6577613 0,3746029

electric shaver for men 0,8343015 0,533875

Laserdisc player 0,7282562 0,5141053

Printer 0,8368574 0,3019903

DVD-rom 0,6750939 0,6269396

Video camera 0,7430266 0,5031658

Pen drive 0,705324 0,4921797

Hair dryer and/or iron 0,7939141 0,4725461

DVD Player 0,8537077 0,3594405

Air circulator 0,6292697 0,5124914

Iron 0,8261827 0,3481827

Blender 0,8358145 0,3639622

Air conditioner 0,7743899 0,4184044

Fan 0,7925941 0,4234975

camera 0,8720381 0,4280886

Water purifier 0,7507695 0,7712096

Electric vaporizer 0,5023393 0,316877

Freezer 0,8829741 0,2984583

MP's 0,7549984 0,491771

telephone 0,8220407 0,672994

Refrigerator 0,923817 0,3385002

Microwave Oven 0,8142568 0,2564796

Gas stove 0,8937621 0,5018741

TV antenna 0,9347581 1,071869

Microcomputer 0,8079206 0,3183647

MP3/MP4/MP5 Player 0,8284805 0,6557941

Electric showerhead 0,7236215 0,4823527

Plastic swimming pool 0,6686772 0,6010244

Video game system 0,9124032 0,5380849

Washing Machine 0,8273653 0,5373746

Color TV 0,9307597 0,5576835

Electric coffee machine 0,8810618 0,6155814

Heater 0,5349137 0,2104881

Home theater 0,8425276 0,44611063

Cable TV Receiver 0,9310383 0,300442

Loudspeaker, tweeter, megaphone, microphone0,7834011 1,006451

CD-rom 0,5693235 1,358937

Washing Machine 0,7201944 0,3754048

Walkman 0,6509567 0,6707619

Exhaust hood 0,8458825 0,6444705

Electronic filter 0,335897 0,6498494

Electric water heater 0,3828348 0,4189008

digital camera 0,3152505 0,2502712

Cable Box 0,4936909 0

Clothes dryer 0,7711607 0,6653234

Air purifier 0,7798163 0,3697291

Minibar 0,3190388 0,2595392

Caller ID 0,3421607 0,45221



 27

References 

 

 

1. Bagnoli,M., S.Saland and J.Swierzbinski. “Intertemporal self-selection with multiple 

buyers”. Economic Theory 5, 1995 

 

2. Correia de Souza, E. and Moita, R. “Gasto em P&D e poder de mercado: teoria e 

evidência para o Brasil”. Pesquisa e Planejamento Econômico, 2011 

 

3. Fishman,A. and R.Rob. “Product innovation by a durable-good monopoly”. Rand 

Journal of Economics 31, 2000 

 

4. Fudenberg, D. and J. Tirole. “Upgrades, tradeins and buybacks”. Rand Journal of 

Economics 29 (1998) 

 

5. Gabszewicz,J.J. and J.-F.Thisse. “Price Competition, Quality and Income Disparities”. 

Journal of Economic Theory 20, 1979 

 

6. Glass, A.J. “Price discrimination and quality improvement”. Canadian Journal of 

Economics, vol.34, no. 2, May 2001 

 

7.  Grossman,G. & Helpman, E. – “ Innovation and Growth in the Global Economy”  - MIT 

Press 1991 

 

8. Horsky, D. “A Diffusion Model Incorporating Product Benefits, Price, Income and 

Information” Marketing Science, vol.19, no. 4, 1990 

 

9. Inderst, R. “Durable Goods with Quality Differentiation”. Discussion paper London 

School of Economics, July 2003 

 

10. Koh, W.T.H.  “The Micro Foundations of Intertemporal Price Discrimination”. 

Economic Theory, 27, 2006 

  

11. Stokey, N. “Rational expectations and durable goods pricing”. Bell Journal of 

Economics 12, 1981 

                   
12.  Stokey, N. “Intertemporal Price Discrimination”. Quarterly Journal of Economics 93 

(1979) 

 

13. Takeyama, L. “The intertemporal consequences of unauthorized reproduction of 

intellectual property” Journal of Law and Economics 40, 1997 

 

14.  Villas-Boas, J.M. “Dynamic competition with costumer recognition”. Rand Journal of 

Economics 30, 1999 

 

 

 


