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Notation

Vertical Product Differentiation models 

U – consumer utility function

si – quality of firm i

pi – price of firm i

θ -  consumers’ preference for quality parameter or taste parameter or inverse of the marginal rate of  

       substitution between income and quality

θ - consumer with higher preference for quality

θ - consumer with lower preference for quality

   - indifferent consumer from buying from firm i and firm j

θ / θ - k - degree of consumer relative heterogeneity or degree of income inequality

CRS – Corporate Social Responsibility

MQS – Minimum Quality Standards 

VPD – Vertical Product Differentiation
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0. Introduction
Product Differentiation has been widely explored 
since the Bertrand Paradox (Bertrand, 1883) in 
the late XIX century, which relies on consumers 
choosing the cheapest product for very small 
differences in prices. In practice, however, some 
consumers continue to buy the most expensive 
product because they have an intrinsic preference 
for that product, i.e., consumers reveal product 
differentiation. Assuming homogenous product 
is not realistic since, objectively, products differ 
in their characteristics (physical, design, …) and, 
subjectively, branding makes two products seam 
different to consumers’ eyes. The analysis of 
differentiation among products allows for a richer 
discussion and also for a consumers’ preference 
property: tastes for diversity or even heterogeneity 
of consumers’ tastes or preferences.

Firms have incentives to affect the product 
differentiation degree in markets and act 
strategically in the choice of their product 
quality, design or characteristics. Strategic entry 
decisions, advertising, minimum quality standards, 
multiproduct, among others are some examples 
of game theory models that literature on product 
differentiation explores.

Economic literature distinguishes two types 
of product differentiation: Horizontal Product 
Differentiation, when consumers differ on their 
products’ ranking and prefer one product while 
others prefer another (one of the first models is 
Hotelling, 1929) and Vertical Product Differentiation 
VPD, when all consumers have the same ranking of 
products and all agree which product they prefer. 
Cremer and Thisse (1991) shows that a duopoly 
VPD model is equivalent to a duopoly model with 
Horizontal Product Differentiation and quadratic 
transportation costs. On the contrary, Furth (2011), 
comparing the two models under different degrees 
of market coverage and consumers’ distribution 

functions, finds that under partial coverage and 
a log-concave distribution function, VPD is not 
equivalent to Horizontal Product Differentiation.1

There is a wide literature in Industrial Economics 
on Vertical Product Differentiation, starting with 
the seminal work of Mussa and Rosen (1978), 
Gabszewicz and Thisse (1979) and Shaked and 
Sutton (1982). Gabszewicz and Thisse (1979, 
pg 358) state that they “only did a little walk in a 
fascinating country, the exploration of which will 
hopefully be pursued by the authors”. The vast 
majority of the following literature uses preferences 
à la Mussa and Rosen (1978), but differs with 
respect to the assumptions on the costs of quality 
improvements, the distribution of consumers and 
whether the market is fully covered or not. It turns 
out that these assumptions are crucial to explain 
the diversity of the existing results. However, until 
now, there is a lack of a systematic survey that 
organizes in a logical manner the existing results 
and that highlights when and why each result 
occurs.  

The purpose of this eBook is to provide a review 
on VPD literature. We identify the most popular 
research paths in the literature and summarize 
the main results on VPD, organizing either 
chronologically or close-related papers. It is 
impossible to quote all the existing literature on 
VPD, but this eBook aims to cite its main and 
most significant contributions. The classification 
of the studies allows a comparison of results 
and justification for those different results. The 
eBook also identifies gaps in the extant literature 
and provides directions for future research. 

Chapter 1 presents basic ideas on Product 
Differentiation and identifies the main dimensions 
that can be used to classify vertical differentiation 
models, based on their explicit (and sometimes 

1 See also Sutton (1986), Waterson (1989), Anderson et al. (1992) and Anderson et al. (1997), for comparisons between 
these two types of models.
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implicit) assumptions. We characterize the existing 
literature depending on the assumptions regarding 
the costs of quality improvements, market coverage 
and the distribution of consumers. Chapter 
2 focuses on the impact under VPD models 
of different competition types and timings of 
decisions, as well as determinants of collusion 
sustainability.  Chapter 3 explores the strand in 
literature on the impact of income inequality or 
degree of relative consumer heterogeneity on VPD 
models in terms of quality-price decisions, welfare 
and market coverage The review on high-quality or 
low-quality advantage analysis in VPD models is 
presented in Chapter 4. Main prevailing literature 
shows that there is high-quality advantage, but there 
are some authors, which highlight the opposite. 
Entry and entry deterrence studies under VPD are 
presented in Chapter 5. Price discrimination and 
VPD literature are discussed in Chapter 6. The 
research on multiproduct under VPD markets is 
presented in Chapter 7. Chapter 8 reviews the 
works that study multidimensional VPD, which may 
simultaneously consider vertical and horizontal 
product differentiation, or models with several 
vertical product attributes. Chapter 9 focuses on 
vertical industries and explores when downstream 
markets have vertical product differentiation. 
Chapter 10 reviews studies on VPD in mixed 
oligopolies. Minimum quality standards under VPD 
are the focus of Chapter 11. International trade 
developments under VPD are presented in Chapter 
12. Environmental regulation and consumption 
decisions in VPD markets are discussed in Chapter 
13. Corporate Social Responsibility and VPD are 
explored in Chapter 14. Chapter 15 discusses  
experimental economics literature on product 
differentiation models, comparing Horizontal 
Product Differentiation with VPD literature. Chapter 
16 presents a sum up of the main differences in the 
two-stage VPD model setups.
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1. Vertical Product 
Differentiation Models

In this chapter, we review some basic ideas on 
Vertical Product Differentiation (VPD) and identify 
the main dimensions in the literature to classify 
vertical differentiation models, based on their 
explicit and implicit assumptions.

There are two alternative ways of modeling product 
differentiation. The first approach considers 
that products may differ in their features or 
characteristics, consumers’ preferences are defined 
in the characteristics space and consumers differ 
in their preferences. Moreover, it is often assumed 
that consumers choose among a discrete set of 
products, which may include an outside option. 
This approach is called discrete choice approach 
(see Anderson et al., 1992). Another approach, the 
representative consumer approach, assumes that 
all consumers are identical, but each consumer 
values variety and has a variable demand for all 
products. 

Another well-established distinction in the product 
differentiation literature is the distinction between 
Vertical Product Differentiation and Horizontal 
Product Differentiation. A market is horizontally 
differentiated if, for equal prices, the consumers 
do not agree on which product is the preferred 
one. Whilst, a market is vertically differentiated if, 
for equal prices, all consumers order equally the 
different products. 

The previous definition of VPD is based exclusively 
on the demand side. Belleflamme and Peitz (2010) 
provide another definition that incorporates the 
cost side. According to this alternative definition, 

a market is vertically differentiated when the 
consumers order the products equally if prices 
are equal to marginal costs. In this eBook, we 
focus on the first definition of vertical product 
differentiation, since it is the most common in 
the literature. However, as it will become clearer 
later, the difference between these two definitions 
is important in interpreting some of the results. 
For instance, the existence of natural oligopolies 
is grounded on the last definition, whereas the 
conditions regarding a possible equivalence 
between the VPD model and a specific horizontal 
differentiation model occurs in cases where we 
have vertical differentiation according to the 
first definition, but not according to the second 
definition.1

In a vertical differentiation quality choice model, 
all the consumers agree on which product is more 
desirable or has higher quality. Thus, VPD models, 
where firms choose where to position their product 
in the characteristic space, can also be seen as 
quality choice models. In this eBook, we review 
papers that consider dynamic games of quality 
choice, where firms choose the quality of their 
product before price or quantity competition takes 
place. In some models, firms decide their quality 
simultaneously, whereas in other models their 
quality choices are sequential. However, the quality 
choice always precedes the price or quantity 
decisions.

The seminal and pioneering works on VPD are 
from Mussa and Rosen (1978), Gabszewicz and 
Thisse (1979) and Shaked and Sutton (1982).2 

1 For a spatial competition models’ critical review, see Biscaia and Mota (2013).

2 They all assume that production costs are zero.

1.1 Basic concepts
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Mussa and Rosen (1978) show that a multiproduct 
monopolist may lower the quality of the product 
offered to low-preference for quality valuation 
consumers to decrease cannibalization3 of the 
more profitable high-quality product and that helps 
the monopolist to discriminate among buyers 
with different characteristics.4 Gabszewicz and 
Thisse (1979) present a full characterization of 
the demand structure and the non-cooperative 
VPD two-stage game perfect Nash equilibrium 
and find the dependence of the latter on income 
distribution and quality parameters. Shaked 
and Sutton (1982) show how the existence of 
quality differences relaxes price competition 
between competing firms. The authors extend the 
Gabszewicz and Thisse model by endogenizing 
quality levels and demonstrate that a three-stage 
game, in which firms first choose to enter or not in 
the market, then choose their quality of products 
and finally prices, has a unique subgame perfect 
Nash equilibrium, where only two firms enter the 
market. Furthermore, the duopolistic firms choose 
differentiated products and earn positive profits at 
equilibrium.5 

In these standard models of VPD, there are two 
firms indexed by i=1,2. In the first stage, each firm 
decides the quality of its product. In the second 
stage of the game, each firm decides its price. Let 
us denote by si the quality of the product offered by 
firm i. Although consumers agree on the product’s 
quality ranking, they value quality differently, i.e., 
there is tastes or preferences heterogeneity. Let 
θ be the parameter that captures how strongly the 
consumer values quality, i.e., it is set as a taste 
parameter or preference for quality valuation or even 
as the inverse of the marginal rate of substitution 
between income and quality (see Tirole, 1988). 
Most works assume that θ is uniformly distributed 
on [ θ , θ ] with θ ≥ 0 and mass 1 (and thus the 
density function is f(θ) = 1/ (θ - θ). Each consumer 
buys either one unit of the product or none. If the 
consumer does not buy his utility is nil, whereas if 
he buys one unit of the product offered by firm i, his 
utility function is given by:

U =  θsi - pi

where si stands for the quality of the product 
sold by firm i and pi is the corresponding price, si
∈R+ and pi ∈R+.

3 Cannibalization is when consumers reduce the high-quality sales, since they switch from buying the high-quality product 
to buying the low-quality product.

4 VPD and Monopoly markets have also been studied by Philips and Schuler (1982), Gabszewicz, Shaked, Sutton, and 
Thisse (1986), Maskin and Riley (1984) and Itoh (1983).

5 See Wang and Yang (2001) for VPD mixed equilibria analysis.

1.2 Classifying the literature on 
VPD based on the assumptions

The costs of quality improvements

When firms choose the quality of their product 
they must take into account the costs of 
improving quality. VPD models may assume 
that the costs of improving quality are zero. 
However, there is recognition that there may 
exist costs of quality improvement. Motta (1993) 
introduced the distinction between fixed costs 

of quality improvement and variable costs of 
quality improvement. The first occurs when the 
firm performs R&D or advertising activities in 
order to improve quality. The higher is the quality 
that the firm wants to achieve, the higher are the 
R&D costs. In this case, quality improvement 
corresponds to better products. But a similar 
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Many articles assume particular cases of this 
consumer distribution such as  θ ∈ [0,1],  θ ∈ [0,θ],  θ 
∈ [θ - 1, θ]  or θ ∈ [θ , θ].  The particular assumption 
that is made is not innocuous. For instance, if θ 
= 0 is assumed,  an immediate consequence is 
that the market is not fully covered (the lowest 
valuation consumer is not willing to pay anything 
for quality and hence would rather not buy than buy 
a product with si > 0 at any positive price). Thus, 
this assumption is inadequate if one is interested in 
exploring what is the market coverage configuration 
that emerges in equilibrium. Moreover, the meaning 
of increasing θ is not the same under the different 
assumptions. If one assumes θ ∈ [0,θ], increasing 
θ implies a simultaneous increase on the average 
quality valuation and the dispersion of consumers’ 
tastes. However, if we assume that θ ∈ [θ - 1, θ], 
increasing θ implies a higher average valuation 
but keeps constant the taste dispersion. Naturally, 
these two cases may not lead to the same 
conclusions as we are doing different comparative
statics exercises when we change θ.

The existing studies assume either partial coverage 
(uncovered) or full coverage (covered) markets. 
Wauthy (1996) considers a model with uniform 
consumer distribution and shows that market 
coverage depends on consumer heterogeneity, 
denoted by the ratio θ / θ  = k. At the subgame perfect 
Nash equilibrium, when this ratio is large the market 
is uncovered, whilst when this ratio is small the 
market is covered. The literature on VPD has ignored 
the fact that market coverage (partial coverage or 
full coverage) is determined endogenously when 
firms choose their quality.

6 Considering that most models of VPD assume that firms decide the quality of their product before they take the price 
or quantity decisions, some authors denote the fixed quality costs (used by Motta, 1993) by investment costs as they are 
normally incurred before production takes place and are sunk costs by the time production occurs. Moreover, these invest-
ment costs may vary with quality, which implies that the fixed costs terminology may be confusing (they are fixed because 
they do not vary with quantity, but they vary with quality).

result could be obtained through advertising if this 
activity influences the perception the consumer 
has regarding the quality of the product. Thus, the 
cost depends on quality and authors denote these 
investment costs by TC(Q) = f (Q) + c(s), but c(s) 
is a fixed cost (it does not vary with the quantities 
produced).6 In general, it is assumed that c(s) is an 
increasing and convex function of si. The second 
type of costs is related with variable production 
costs. Higher quality may require more expensive 
inputs or a more specialized labor force, which 
implies increasing unit costs in quality. A frequent 
assumption in the vertical differentiation literature 
is that the marginal production costs increase 
with quality but do not vary with the quantity 
produced, denoted by: TC(Q) = f(Q) + c(s)*Q.
Thus, the variable cost depends on quality. The first 
type of costs has been considered by authors such 
as Gabszewicz and Thisse (1979), Shaked and 
Sutton (1982) and Bonanno (1986), among others. 
Whereas, increasing unit fixed production costs 
have been assumed by Mussa and Rosen (1978), 
Gal-Or (1983), Champsaur and Rochet (1989), 
Lambertini (1996), Schmidt (2006) among others. 
Some authors assume nil costs, like Choi and Shin 
(1992), Wauthy (1996), among others.

Consumers distribution and market coverage

The majority of papers on discrete VPD assume 
a uniform distribution of consumers. However, 
there are very diverse assumptions with respect 
to the interval of possible quality valuations. These 
distinct assumptions may have implications 
regarding whether the market is fully covered 
or partial covered (i.e., if there is a fraction of 
consumers who prefer not to buy any of the 
products).
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Natural markets, Competition type and Timing of 
decisions

When firms choose their qualities and prices, 
firms may have natural markets. Assuming that 
firm 1 has lower quality, there will be an indifferent 
consumer between buying from the two firms when 
the utility of this consumer is equal for both firms:
U2 ( ) = U1 ( ).

It is well known that the nature of competition 
changes whether we assume price or quantity 
competition among firms. In the VPD literature 
the vast majority of the studies assumes Bertrand 
(price) competition at the second stage, but there 
are several authors that focus on Cournot (quantity) 
competition.

Another important choice in the setup of vertical 
differentiation regards the timing of the decisions, 
either simultaneous decisions or sequential 
decisions, and also if this timing is exogenously or 
endogenously determined.
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2. VPD and Competition
This chapter explores the VPD literature that focus 
on the use of different competition types and 
different timings of decisions. As looking for VPD 
markets competition determinants, the study of 
collusion stability is also discussed.

Competition type

Most VPD models discuss different types of 
competition in the second stage of a product 
differentiation game where first firms chose their 
qualities. As proposed by Singh and Vives (1984), 
the main types of competition that should be 
considered are Bertrand (or price competition)1  
and Cournot (or quantity competition).

Bonanno (1986) checks the robustness of Shaked 
and Sutton (1982) and first introduces the impact 
of a different type of competition in the second 
stage, focusing on Cournot competition. The author 
concludes that Cournot competition leads to less 
product differentiation than Bertrand competition 
(under nil costs and fixed quality costs). Motta 
(1993) shows that the VPD subgame perfect 
Nash equilibrium qualities arising under Bertrand 
competition are more differentiated than those 
arising under Cournot competition, considering 
the nature of the costs of quality improvement (for 
both types of competition, he explores nil costs 
and fixed quality costs). The author concludes, 
also that welfare is higher under Bertrand 
competition than under Cournot competition. 
Aoki (2001) finds that firm’s profit is increasing in 
its own quality and decreasing in its rival’s quality 

under Cournot competition, which contrasts with 
previous Bertrand competition results. However, 
when an initial stage in which firms make a costly 
investment in quality, an asymmetric equilibrium 
arises with product differentiation. Toshimitsu and 
Jinji (2007) complement the welfare discussion 
and demonstrate that in of Bertrand (Cournot) 
competition, the product differentiation degree 
in equilibrium in an unregulated market is larger 
(smaller) than the socially second best optimum. 
Moreover, a reduction in the quality difference 
increases (decreases) social welfare when facing 
Bertrand (Cournot) competition. Miao (2019) also 
reinforces that the intensity of the competition 
under Cournot competition is much less alleviated 
than the Bertrand model.2

Timing of decisions

Most VPD literature assume that firms set qualities 
and prices simultaneously, but there are works that 
consider firms choosing  product qualities and/or 
prices in a sequential manner.

Moorthy (1988) discusses the impact of 
these different timings of decisions focusing 
on uncovered markets where variable cost is 
dependent on quality. For both timings of decision, 
firms differentiate in equilibrium. He also compares 
duopoly to the monopoly decisions and concludes 
that the monopolist differentiates efficiently and 
duopolists do not. There is first mover advantage 
where the leader chooses high quality.3

1 See Pires et al. (2022a) for an amazing geometric analysis of the VPD model price competition stage.

2 The study of the impact of different type of competition is also present in entry decisions (see Gal-Or, 1983), minimum 
quality standards (see Ronnen, 1991, and Valletti, 2000), international trade (see Zhou et al., 2002), exclusive licensing 
(Nguyen, Sgro, and Nabin, 2014), among others frameworks.

3 Lambertini and Tedeschi (2007b) consider a two-period VPD model under convex variable costs and full market coverage 
and find a unique subgame perfect equilibrium where the first entrant supplies a lower quality and gains higher profits 
than the second entrant. Amaldoss and Shin (2011) also analyze sequential versus simultaneous choice decisions under 
different dimensions of low end markets. 
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In a subsequent paper, Aoki and Prusa (1996) 
consider a VPD model, where they analyze the 
effect of the timing of investment decisions 
on the levels of quality chosen by producers 
when marginal cost of production is zero. They 
compare sequential versus simultaneous quality 
decisions, and they conclude that sequential 
choice of quality drives both firms to make smaller 
quality investments than they would make if their 
decisions were simultaneous. In the sequential 
choice, leader supplies higher quality product, but 
consumer surplus and social surplus are higher 
under simultaneous choice. Following this work, 
Aoki (2003) extends to a more general variable 
investment cost and considers both Bertrand 
and Cournot competition, but still comparing 
simultaneous and sequential choices. The leader 
chooses high quality in both types of competition. 
Qualities are lower under sequential choice with 
Bertrand competition, but they are higher in 
sequential choice with Cournot competition.4

When it comes to the impact of choosing roles in 
a price choice game, Lee (1996) considers a case 
where firms select product qualities and prices in a 
sequential manner focusing on a covered market 
and an interior solutions analysis. The author 
shows that the high quality firm gets higher profits 
regardless of whether it moves as a price leader or 
a price follower in the later stage. Lambertini (1996) 
also explores the timing decisions by introducing a 
pre-play stage, where firms play a discrete strategy 
game and choose the timing of moves, under 
full or partial market coverage and with variable 
production costs. In covered markets, the author 
shows that in the subgame perfect Nash equilibria 
firms choose to simultaneously set qualities, but 
sequentially set prices, where both firms prefer 
to be the price leader. In uncovered markets, the 
subgame perfect Nash equilibria entail firms 
choosing qualities and prices simultaneously. 
Then in 1999, Lambertini focuses on convex fixed 

costs and the timing of decision occurs only in the 
quality stage. He extends Aoki and Prusa (1996) 
game to incorporate observable delay in quality 
competition and concludes that the subgame 
perfect Nash equilibrium entails simultaneous 
play at the quality stage. Lambertini and Tampieri 
(2012) extend the previous analysis to a Cournot 
competition in the second stage. They show that the 
subgame Nash perfect equilibrium is of sequential 
play with low-quality leadership, switching from 
simultaneous to sequential decision, leading to a 
decrease in both quality levels.5 Lehmann-Grube 
(1997) considers a convex fixed cost quality and 
partial market coverage and focuses on high-quality 
advantage. This work admits sequential choice 
and shows that the high-quality leader will choose 
a lower quality than in the simultaneous decision, 
and the follower firm also chooses lower quality.6

Stability of Collusion 

Few works have focused on VPD and sustainability 
of the collusion and market power analysis. The 
first main contribution is of Häckner (1994) who 
analyses the impact of the degree of products 
substitutability over the sustainability of price 
collusion, assuming fixed production costs. Under 
Bertrand competition, he shows that price collusion 
is easier to sustain when there is low product 
differentiation and when a minimum quality 
standard can increase the stability of collusion. 
Under variable costs, Ecchia and Lambertini 
(1997) contradicts Häckner and demonstrate 
that, under variable increasing quality costs, the 
existence of a minimum quality standard makes 
it more difficult for firms to collude in prices when 
consumers’ marginal willingness to pay for quality 
is high. Napel and Oldehaver (2011) also show that 
minimum quality standard can hinder collusion 
and bring dynamic welfare gains, under Cournot 
competition. 

4 See also Reisinger (2004), which, under multiproduct firms, captures first mover advantages.

5 See also Lambertini and Tampieri (2017).

6 Boccard and Wauthy (2010) consider a three-stage game in which firms choose quality, then commit to capacity and, 
lastly, choose price. When the cost of quality is negligible, capacity pre-commitment eliminates product differentiation.
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Andaluz (2010) analyses the influence of the 
degree of product differentiation on collusion 
sustainability, under both Bertrand and Cournot 
competition, considering increasing and convex 
quality costs. He shows that the relationship 
between product differentiation degree and the 
sustainability of collusion may be both positive and 
negative and that, given a degree of differentiation, 
Bertrand competition collusion is more sustainable 
than Cournot competition. 

Recently, Athanasopoulos et al. (2020) studied 
collusion in a VPD sequential quality choice under 
nil costs. They show that collusive strategies 
as continuous functions of quality asymmetry. 
Collusion stability depends non-monotonically on 
the product differentiation degree. For low levels 
of product differentiation degree, an increase on 
the product differentiation degree makes collusion 
less stable, whereas the opposite holds for higher 
product differentiation degree.6

Conclusion and future research

This chapter highlights the impact of competition 
type (Bertrand or Cournot), the timing of decisions 
(simultaneous or sequential) on VPD models 
equilibria. This review also presents the results 
on the determinants of collusion sustainability in 
VPD markets and shows that minimum quality 
standards may hinder or facilitate collusion. 

Important and interesting extensions of previous 
research on VPD and competition would be to 
explore the analysis to a large number of firms  
(as proposed by Lehmann-Grube, 1997) and 
include profound analysis on the VPD collusion 
sustainability conditions under different costs 
production functions and timing of decisions.

The next figure summarizes these results:

6 See also multiproduct and collusion by Gabszewicz et al. (2017).
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3. VPD and Income Inequality
In this chapter, we review the impact of income 
inequality (as denoted by Gabszewicz and Thisse, 
1979) or consumer taste for quality differences 
(as denoted by Mussa and Rosen, 1978) on the 
VPD models. Agents’ heterogeneity is recognized 
to affect non-competitive markets with vertically 
differentiated products, through the existence of 
market equilibria and through research on how 
such differences in consumers’ characteristics 
affects the firms’ price and qualities decisions, 
welfare and market coverage.

Gabszewicz and Thisse (1979) first tackle the 
impact of shifting or stretching the uniform 
distribution of consumers’ income and show the 
dependence of the Nash equilibria on these income 
distribution parameters. Shaked and Sutton (1982) 
also acknowledge the relevance of the uniform 
distribution of incomes on the unique subgame 
perfect Nash equilibrium where the duopolistic 
firms choose differentiated products.1

In a subsequent paper, Benassi et al. (2006) study 
the effects of different degrees of consumers’ 
income concentration (dispersion) on the VPD 
equilibrium configuration, with uncovered market 
and nil production costs. The authors show 
that, unlike horizontal differentiation models, the 
impact of a higher concentration of consumers 
on the firms’ decisions depends on the starting 
degree of concentration and that, overall, greater 
concentration leads to firms enlarging product 
differentiation degree. Yurko (2011) considers also 
a VPD market with price competition in the second 
stage. The author concludes that, for different cost 
structures, high level of income inequality leads to 
high average quality and that product differentiation 
is decreasing in the income inequality. Following 
Yurko (2011), Miao (2019) explores the effects 
of the change of the income distribution on VPD 

1 In their following works, in 1983 and 1987, Shaked and Sutton also discuss the impact of income distribution function 
and consumers’ tastes, respectively.

2 See also Córchon and Zudenkova (2013).

model, but assuming quantity competition. They 
show that under nil costs, when income inequality 
is not too high, then both firms always choose the 
highest quality level, but when the quality-cost is 
convex, product differentiation increases with the 
income inequality. Benassi et al. (2016) extends 
the VPD markets analysis to a mixed duopoly 
setup with uncovered market and confirm that the 
distribution of the consumers’ marginal willingness 
to pay affects equilibria when quality is costless. For 
the existence of a price equilibrium, the distribution 
of consumers’ willingness to pay cannot be log 
concave, but convexity assures existence of 
equilibrium and uniqueness, for more restricted 
functions.2

Focusing on international trade research arena, 
some studies under VPD have shown the impact 
of consumers’ distribution of income within the 
country on the equilibria decisions and welfare 
(see, for instance,  Stokey, 1991, and Scandizzo, 
2001).

The literature on VPD has disregarded the fact 
that whether there is partial market coverage or 
full market coverage is endogenously determined 
when firms choose their quality. Most of the 
existing studies either assume uncovered or 
covered markets analysis, with the exceptions 
of Wauthy (1996), Liao (2008) and Pires et al. 
(2022b), respectively, focusing on nil quality costs, 
fixed quality costs and variable quality costs. They 
all evidence the relevance of the income inequality 
or the degree of relative consumer heterogeneity 
in the subgame perfect Nash equilibria market 
coverage solution. Wauthy (1996) highlights the 
relevance of endogenizing market coverage: «in 
models of vertical differentiation it should not 
be imposed a priori if the market is covered or 
not covered. Covering the market or not is at the 
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heart of the strategic problem for firms». The 
author considers a model with uniform consumer 
distribution and shows that when the degree of 
consumer heterogeneity (measured by the ratio of 
endpoints of the distribution of consumers’ taste 
for quality preferences, k) is large, the market is 
uncovered and when this ratio is small, the market 
is covered. Liao (2008) concludes that a covered 
market with an interior solution in the price stage is 
not a subgame perfect Nash equilibrium. When k is 
high (low) enough, an uncovered market outcome 
is the only subgame perfect Nash equilibrium. 
When the degree of consumer heterogeneity is 
moderate, both of the two market outcomes are 
Nash equilibria. Pires et al. (2022b) revisit this 
quality-price game analysis for quality dependent 
variable production costs and identify when each 
possible market coverage configuration holds, 
considering also monopoly scenarios. As long as 
quality variable costs are infinitesimal, a monopoly 
will never be a subgame perfect Nash equilibrium. 
The authors conclude that when k is high, the 
subgame perfect Nash equilibrium involves 
partial coverage duopoly. For slightly lower k, the 
firms choose full coverage duopoly with a corner 
solution holds. For even lower k, there are multiple 
equilibria quality combinations that are located 
at the frontier between an interior and a corner 
full coverage duopoly. Finally, for very low k, a 
duopoly full coverage holds. These three works 
emphasize that, under some circumstances, more 
than one market coverage configuration is possible 
according to the restricted best responses, but only 
one of them holds when we consider the global 
best responses. If so, it is impossible to know 
which is the subgame perfect Nash equilibrium, 
unless we consider all the possible configurations 
regarding market coverage.3

Conclusion and future research

This chapter reviewed the VPD literature that shows 
the influence of income distribution or consumers 
taste preferences distribution functions. This review 
highlights three main impacts discussed in the 
literature, which are on quality-price decisions, 
market coverage solution and international trade 
decisions. 

It would be interesting to delve deeper into the 
income inequality impact on VPD through different 
market coverages scenarios, since most authors 
focuses on uncovered markets. Moreover, studying 
endogenous market coverage needs developments 
for more general income distribution or taste for 
quality preferences functions.

The next figure summarizes these results:

3 Wauthy (1996) identifies this mistake in Choi and Shin (1992) and Liao (2008) identifies this incorrectness in 
Motta (1993).
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4. VPD and High-quality or
Low-quality Advantage
In this chapter, we review the main VPD literature 
that discusses and explores high-quality or 
low-quality advantage. High-quality advantage is 
the profit advantage of the high-quality over the 
low-quality firm and is a well-established result in 
the VPD literature. The seminal work of Gabszewicz 
and Thisse (1979) first shows this advantage. 
The authors propose a full characterization of 
the demand structure and the non-cooperative 
two-stage duopoly market equilibrium when firms 
have nil cost. Firstly, the firms simultaneously 
set the quality of their products, and then 
simultaneously set their prices. The results show 
that duopolists choose product differentiation and 
income distribution plays a central role to sustain 
it. High-quality firm sells to the higher willingness-
to-pay consumers and thus attains higher profits. 
In a path breaking work, Shaked and Sutton (1982) 
find the perfect Nash equilibrium in a three stage 
game in which firms choose first, whether to 
entry or not; then simultaneously set the quality 
of their products, and lastly, simultaneously set 
their prices. Assuming a duopoly where products 
are differentiated by quality and firms have nil 
costs, they also show that the top quality firm 
enjoys greater revenue than its rival firm does. 
Sutton (1986) discusses that the high-quality 
advantage is related with a large market share, 
but this depends on the distribution of consumers’ 
willingness to pay. Tirole (1988) introduces an 
alternative utility function (where utility is linear 
in quality) with simpler solutions focusing on a 
duopoly covered VPD model, but assume unit 
production costs, which do not depend on quality. 
He concludes that the high-quality firms sets a 
higher price and earns higher profits, reinforcing 

thus the previous studies. Choi and Shin (1992) 
extend Tirole’s discussion focusing on a duopoly 
uncovered VPD model and concludes that the 
high-quality firm earns higher profits. Shaked and 
Sutton (1983) also achieve this result when the 
cost of improving quality is small and decreasing.1 

Considering the costs of improving quality to be 
zero or small and decreasing is clearly unrealistic 
and thus it is an interesting theoretical question 
to ask whether the high-quality advantage holds 
in more general settings. The following authors 
questioned if high-quality advantage persists 
when these costs are not small and increasing with 
quality, i.e., when there are fixed or variable quality 
dependent costs. Moorthy (1988) first examines 
the role of costs, consumer preferences and price 
competition in determining the perfect Nash 
equilibrium when two identical firms compete 
on product quality and price.2 When firms have 
constant marginal production costs increasing 
with quality, under partial market coverage, the 
perfect Nash equilibrium strategy for each firm is 
to differentiate its product from its competitor, with 
the high-quality firm reaching the higher margin 
when quality decision is sequential. When firms 
choose simultaneously qualities, contrasting with 
the prevailing literature, he shows that low-quality 
firm gets higher profits. The difference from the 
prevailing results arises because in this model 
marginal costs increase with quality whereas, in 
previous models, marginal costs are zero. Under 
partial market coverage, Motta (1993) studies 
the impact of timing investment decisions on 
equilibrium qualities, profits and consumer surplus, 
considering fixed or variable costs of quality 

1 See also Donnenfeld and Weber (1995) who focus on entry dynamics.

2 He compares the duopoly solutions with the efficient and monopoly solutions.

Chapter 4
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improvement and compares, in the second-stage, 
Bertrand with Cournot competition scenarios. 
His results show that there is always high-quality 
advantage. Focusing on unit production costs 
quadratic in quality, Crampes and Hollander (1995) 
introduce a model where firms earn equal profits 
in equilibrium. Aoki and Prusa (1996) also analyze 
how the timing of decisions affects the qualities 
chosen by firms when firms fixed production 
costs increase with quality. The authors find the 
subgame perfect Nash equilibrium of a vertically 
differentiated market game where two firms in 
the first stage choose quality investments, either 
simultaneously or sequentially, and then engage in 
Bertrand competition in the second stage. Under 
sequential qualities decision, the leader chooses 
the highest quality and earns higher profits. The 
high-quality firm also earns higher profits under 
simultaneous quality choice.3

Lehmann-Grube (1997) also highlights that the 
high-quality advantage persists for a convex 
fixed cost quality function incurred in the first 
stage of the game focusing on partial market 
coverage. Aoki (2003) analyze the effect of timing 
investment decisions on equilibrium qualities, 
profits and welfare, but considering a more general 
cost function and compare, in the second-stage, 
Bertrand with Cournot competition, as Motta (1993). 
The author concludes that in both competition 
scenarios and sequential quality decisions, the first 
mover chooses to be the higher quality and earns 
higher profits. Under both competition scenarios, 
there is high-quality advantage under simultaneous 
quality decisions. 

In 2003, Wang fully explores high-quality advantage 
in a note on two-stage VPD models and states that 
high-quality firm achieves a larger profit as long as 
the cost of quality improvement is nil or is a fixed 
cost in the first stage quality choice.  He shows 
that when there is full market coverage and there 
are quality-dependent variable production costs 
incurred in the second stage of the game, the 
high-quality advantage may fail to hold. He shows 

that it is harder to reverse the high-quality advantage 
when focusing on partial coverage than on full 
coverage. Schmidt (2006) explores the robustness 
of the high-quality advantage under VPD and shows 
that low-quality advantage can be predicted under 
a concave utility in quality and/or a unit production 
cost convex in quality. Moreover, the existence of 
a high-quality or a low-quality advantage depends 
on the nature of the firms’ strategic interaction, 
since when there is a high degree of non-linearity, 
the high-quality provider is effectively committed 
not to choose very high-quality levels and thus the 
low-quality firm has a larger incentive to choose a 
lower quality level, which benefits the high-quality 
firm. For a low degree of non-linearity, the situation 
is reversed, and a low-quality advantage is obtained. 
Nguyen (2015) considers a VPD duopoly model 
with quality dependent variable cost and triangular 
consumers’ willingness to pay distribution 
function. She showed that the high‐quality 
advantage always appears, in both, Bertrand and 
Cournot competitions, but there may be low-quality 
advantages. Benassi et al. (2006) considers a 
trapezoid distribution of consumers’ willingness 
to pay and show that higher degree of income 
concentration increases high-quality advantage. 
Schubert (2017) focuses on a two-stage VPD 
model with quality dependent marginal production 
costs and triangular distribution of consumers with 
more consumers having a low willingness to pay and 
with a sufficiently high reservation utility. She shows 
that the low-quality firm can have a larger market 
share and get higher profits than the high-quality 
firm as low‐quality firms possess an advantage by 
covering a larger market share. Niem (2019) relaxes 
the assumption of a sufficiently high reservation 
utility (such that consumers will always buy the 
product) and includes the case in which consumers 
can refrain from buying the low-quality product. 
Focusing on fixed cost in quality improvement, 
he shows that low‐quality advantage disappears. 
Amaldoss and Shin (2011) discuss how the size 
of the low-end market influences a firm’s profits 
and the high-quality advantage. As low-valuation 
consumers increase in a market (low-end market 

3 They also compare which timing decision each firm would prefer.
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increases), on average, consumers’ willingness 
to pay decreases. They show that if the low-end 
market size is below a threshold, an increase 
in the low-end market size may diminish price 
competition, improve profits and lead to low-quality 
advantage. Recently, Pires et al. (2022b) revised 
the VPD two-stage game with endogenous market 
coverage and simultaneous quality-price decisions, 
considering quality-dependent variable costs. The 
authors show that for lower values of the lowest 
quality valuation, the subgame perfect Nash corner 
equilibrium may have low-quality advantage. For 
all the other equilibria, there is always high-quality 
advantage.

Conclusion and future research

This chapter reviewed high-quality or low-quality 
advantage under VPD. This review highlights the 
possible existence of both types of advantages 

and the dependence of these results on the cost 
structure and consumers distribution function. 

Future work may explore the impact of different and 
more general functional forms for production cost 
and consumers’ preferences specifications (utility 
function, consumer reservation and consumers’ 
distribution function). For instance, Wang (2003) 
proposes as future work to examine whether 
there are some general properties on the fixed 
production cost function such that high-quality 
advantage is reversed when there is full coverage. 
Niem (2019) states that further investigations 
should generalize the analysis by comparing both 
full coverage and partial coverage scenarios and 
show how equilibrium results depend on consumer 
reservation and consumers’ quality preferences 
distribution function.

The next figure summarizes these results:
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5. VPD, Entry and Entry Deterrence
In this chapter, we start by reviewing articles that 
analyze what happens under VPD when there is 
free-entry. Under horizontal product differentiation 
model, as entry costs decrease or as the size of the 
economy expands, the equilibrium number of firms 
increases, thus we converge to a monopolistic 
competition market structure. On the contrary, 
under VPD there may exist an upper bound on 
the equilibrium number of firms, that is, a natural 
oligopoly may arise. 

Next, we discuss models of entry deterrence 
where there exists one or several incumbents and 
their choices may influence whether further entry 
occurs or not. Naturally, the results depend on 
the assumptions regarding costs. Several studies 
identify a «limit quality» result, according to which 
the incumbent firm chooses a minimal quality 
in order to deter entry. Still following the «limit 
quality» reasoning, we also review some studies 
where there are many incumbents and which 
show that the non-cooperative equilibrium may 
be to too competitive and lead to too much entry 
deterrence. Finally, we mention articles where the 
entry deterrence strategy is based on offering a 
product line, so as to fill the product space. 

A third section in this chapter provides some 
examples of the interplay of other issues with 
entry and entry deterrence. In particular, we relate 
free entry and entry deterrence with income 
inequality, with minimum quality standards and 
with innovation and patents. 

Free-entry Equilibrium and Natural Oligopolies

In VPD models, the finiteness property states that 
there exists an upper bound on the number of 
active firms at a non-cooperative price equilibrium 
(independently of the quality choices). This upper 

bound is achieved by setting the equilibrium profits 
equal to zero. A natural oligopoly arises when this 
property holds. 

Gabszewicz and Thisse (1980) and Shaked and 
Sutton (1983) discuss the finiteness property 
under a VPD model. Shaked and Sutton (1983) 
show that there are cases where it is not possible 
to converge to a competitive structure. For low 
level of fixed costs, the nature of VPD model 
price competition ensures that only a limited 
number of firms can survive at equilibrium. They 
fully characterize the conditions under which the 
finiteness property holds and show that the VPD 
markets structure differs from the structure in 
horizontally differentiated markets when markets 
become large. Sutton (1986) and Shaked and 
Sutton (1987) reinforce this idea and explore the 
dependence the conditions for technology and 
tastes to sustain the finiteness property.

Anderson et al. (1992) prove that under specific 
costs function (nil costs or constant marginal costs), 
the VPD market is a natural oligopoly. Demange and 
Henriet (1991) discuss sustainable oligopolies 
focusing on increasing marginal production costs. 
A more complete characterization of when VPD 
markets are natural oligopolies is presented by 
Lahmandi-Ayed (2000). The author sheds more 
light on the impact of different cost structures 
(constant, decreasing or increasing marginal 
production costs) on the structure of the VPD 
market and natural oligopolies existence.1

In a natural oligopoly setup with quality dependent 
investment costs, Constantatos and Perrakis (1999) 
show that with sequential entry, to accommodate 
entry an incumbent may choose a lower quality 
than a protected monopoly. Consequently, welfare 
may be lower under duopoly than under a monopoly.

1 Recently, some authors discuss applications of the existence of natural oligopolies in real markets (see, for instance, 
Valletti, 2003 and Ellickson, 2013).
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Entry deterrence by a single incumbent

Following the pioneering work of Dixit (1979), 
many models have addressed the use of entry 
deterrence strategies by incumbent firms under 
various settings. Not surprisingly, this has also 
been a popular theme in the VPD literature. In this 
section, we review this literature in the case where 
there exists a unique incumbent (a monopolist) 
and a unique potential entrant.

A typical timing (see, for instance, Noh and Moshini 
2006) is a three-stage game where in the first stage 
the incumbent decides the quality of its product. In 
the second-stage, the potential entrant decides if it 
enter or not and, in case of entry, chooses its quality. 
Finally, in the third stage firms simultaneously 
choose their prices or quantities. 

Usually, in the entry deterrence literature, the 
results depend on the entrant’s entry costs. When 
entry costs are high, entry is blockaded and the 
incumbent can behave as if there was no potential 
entry. For lower entry costs, the incumbent firm 
has to evaluate whether it is preferable to deter 
entry or to accommodate entry. Typically, for very 
low entry costs, entry accommodation is more 
profitable whereas for intermediate entry costs the 
equilibrium involves entry deterrence (for this type 
of result see, for example, Tirole, 1988, chapter 
8). This type of result also holds in VPD entry 
deterrence models as shown next. 

A result that emerges in this literature is the possible 
existence of a «limit quality», the minimum quality 
of the incumbent that deters entry. This happens 
in Noh and Moshini (2006), which considers 
marginal production costs that are increasing with 
quality and studies both uncovered and covered 
monopoly and duopoly market configurations. 
The authors show that, for intermediate entry cost, 
the incumbent deters entry by biasing upwards 
its quality choice and this result may happen with 
either a covered (if the lowest quality valuation is 
high) or uncovered market (if the lowest quality 
valuation is low). It is interesting to note that under 

entry accommodation the incumbent also chooses 
a higher quality than without potential entrance. 
This strategy is optimal for the incumbent because 
it softens pos-entry competition. However, under 
accommodation there is too much differentiation 
with respect to the socially optimal level. In 
addition, the authors show that entry deterrence is 
not necessarily welfare decreasing.  In particular, in 
market where the lowest quality valuation is high, 
entry deterrence improves welfare.  In qualitative 
terms, very similar results were found by Karaer 
and Erhun (2015) who also assume quality 
dependent marginal productions costs, but under 
a quite different framework regarding the demand 
functions.2

The previous paper assumes that marginal 
production costs vary quadratically with quality, 
but do not depend on the quantity produced. 
Lutz (1997) assumes a similar framework, but 
without production costs and with investment 
costs that are increasing with quality. Moreover, 
Lutz assumes that the lowest quality valuation is 
zero, which necessarily implies uncovered market 
outcomes. The author shows that, under symmetric 
investment costs, when entry deterrence is 
possible (when investment costs are high enough) 
that strategy is always profitable for the incumbent. 
In this case, entry deterrence involves fixing a limit 
quality which is lower than the quality chosen 
under monopoly and accommodation. This shows 
that the «limit quality» may be below the quality in 
the absence of entry threat, which is an interesting 
result.  However, the results are very different If 
investment costs are asymmetric. If the entrant 
has much lower investment costs, entry deterrence 
may no longer be optimal as the incumbent may be 
better off by accommodating entry and becoming 
the low-quality firm in the corresponding duopoly. 
In addition, it is also possible that to deter entry the 
incumbent has to choose a higher quality than in 
the absence of potential entry.

The previous paper assumes that marginal 
production costs vary quadratically with quality, 
but do not depend on the quantity produced. 

2 It is not clear if the monopoly and duopoly demand functions that are assumed in this paper are internally consistent.
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Lutz (1997) assumes a similar framework, but 
without production costs and with investment 
costs that are increasing with quality. Moreover, 
Lutz assumes that the lowest quality valuation is 
zero, which necessarily implies uncovered market 
outcomes. The author shows that, under symmetric 
investment costs, when entry deterrence is 
possible (when investment costs are high enough) 
that strategy is always profitable for the incumbent. 
In this case, entry deterrence involves fixing a limit 
quality, which is lower than the quality chosen 
under monopoly and accommodation. This shows 
that the «limit quality» may be below the quality in 
the absence of entry threat, which is an interesting 
result. However, the results are very different If 
investment costs are asymmetric. If the entrant 
has much lower investment costs, entry deterrence 
may no longer be optimal as the incumbent may be 
better off by accommodating entry and becoming 
the low-quality firm in the corresponding duopoly. 
In addition, it is also possible that to deter entry the 
incumbent has to choose a higher quality than in 
the absence of potential entry. 

An article that considers several potential entrants, 
instead of just one entrant is Hung and Schmitt 
(1998). They analyzed a VPD model where the 
incumbent has no costs and there are many 
potential entrants, who take entry and quality 
decisions sequentially and have to incur a fixed 
entry cost in case of entry but no production costs. 
The fact that there are many potential entrants, 
implies that the second firm will choose a quality 
that leads to nil profits as otherwise other firms 
would enter with a slightly higher quality, forcing 
the exit of the second firm. The authors derive the 
conditions under which it is possible and profitable 
to deter entry. They show that, for a certain range of 
the entry costs there is entry deterrence. Moreover, 
when entry occurs, while under no threat of entry 
there is maximal differentiation in equilibrium (with 
one firm choosing the maximal and the other the 
minimal quality) with the threat of entry and entry 
costs the level of quality differentiation will be lower 
and the incumbent chooses the higher quality.

However, the entry deterrence strategy may not 
be to choose a «limit quality». The incumbent 
may use other «tools» to deter entry. A strategy 
that has been considered is to offer a product line 

with multiple qualities to fill the product space and 
leave no room for new entry. Constantatos and 
Perrakis (1997) consider multiproduct firms in a 
scenario with high income or taste heterogeneity, 
such that under monopoly, the market would not 
be fully covered. They investigate whether entry 
threats are enough to induce market coverage. 
They show that entry may be blockaded even 
in cases where the incumbent does not cover 
de whole market. Moreover, when entry is not 
blockaded the incumbent may increase the quality 
of its intermediate quality products so as to deter 
entry, which implies higher prices and may lead to a 
lower market coverage. In a relatively recent paper, 
Greppi and Menicucci (2020) explore the use of 
bundling by a high-quality multiproduct incumbent 
as strategy to deter entry. The entrant may also be 
a multiproduct firm (generalist) or single-product 
(specialist) firms. They show that bundling is a 
credible entry deterrence action more often when 
the entrant is a single product firm. However, when 
bundling is effective, the reduction in the profit of 
the entrant is higher when this firm is a generalist. 

Entry deterrence by multiple incumbents

Donnenfeld and Weber (1992 and 1995) consider 
entry deterrence models with two incumbents 
and one entrant. In the first paper, the established 
firms compete in product quality and prices 
while foreseeing the effects of their rivalry on the 
decisions made by the later entrants. The authors 
show that the dominant firms engage in maximal 
product differentiation, i.e., select the highest and 
lowest technologically feasible qualities. On the 
other hand, the later entrant always selects an 
intermediate quality. Moreover, the authors also 
show that the equilibrium configuration is identical 
to that generated by perfect foresight equilibrium 
in a model of sequential entry. The profits ranking 
is the same than the quality ranking. Hence, the 
later entrant, despite being the last mover, ends up 
with higher profits and larger market share than 
one of the incumbents. In the second paper, the 
authors introduce entry costs and explore how the 
competition among incumbents and the magnitude 
of the entry costs are related.  In equilibrium, when 
entry conditions are easy, incumbents will produce 
very differentiated products. When the fixed costs 
of entry are moderate, product differentiation is 
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lower, implying more intense price competition and 
leading to entry deterrence.

Peitz (2002) is similar to Donnenfeld and Weber 
(1995), but assumes that the incumbents’ quality 
choices are sequential. Under nil production costs 
and full market coverage, Peitz (2002) shows 
that for high entry cost, entry is blockaded while 
for lower entry costs entry deterrence is always 
possible. However, entry deterrence it is not an 
equilibrium when entry costs are low. Under entry 
accommodation, the first incumbent chooses the 
highest possible quality, the second incumbent the 
lowest possible quality and the entrant chooses 
a quality, which is equal to the average of the two 
incumbent’s qualities. Under entry deterrence, 
the second-mover incumbent chooses a quality, 
which is close enough to the one chosen by 
the first incumbent. This leads to fiercer price 
competition in the last stage of the game and thus, 
considering the entry costs, the entrant prefers 
not to enter.  Due to the more intense competition 
among incumbents in the entry deterrence 
equilibrium, an increase in the entry costs may 
have pro-competitive effects (there are less firms 
operating but product differentiation is lower and 
hence price competition is more intense). 

Interplay between entry and entry deterrence and 
other variables

Several studies have analyzed how other variables 
influence entry. For instance, how does income 
inequality influence entry? On the other hand, how 
does the existence of minimum quality standards 
influence entry deterrence strategies? What is the 
impact of patents characteristics on entry? In this 
section, we provide some examples of this type of 
studies.3

In a free-entry model with nil costs, Yurko (2011) 
studies the impact of increasing income inequality. 
She finds that a greater inequality in consumer 
incomes leads to the entry of more firms and results 
in more intense quality competition among the 
entrants. Hence, the average quality increases with 

inequality, as firms compete more fiercely for the 
higher-income consumers. In addition, the author 
shows that a greater income inequality reduces 
the incentives to differentiate products, leading to 
lower prices. However, when income inequality is 
very high, the top quality firm serves only the richest 
segment of the market and charges a higher price. 

Constantatos and Perrakis (1998) and Lee and 
Phuyal (2013) analyze the interplay between MQS 
and entry. In a free entry setup with many potential 
entrants, Constantatos and Perrakis (1998) show 
that when quality choices are done before firms 
install their capacity, there is no welfare improving 
MQS, a result that goes against previous studies 
assuming the entry decision is taken before 
any quality commitment. The reason is that the 
MQS may induce a monopoly. Lee and Phuyal 
(2013) show that, when entry costs are low, entry 
accommodation occurs and the existence of MQS 
improves competition as product differentiation 
will be lower. If the entry cost is very high, entry 
is blockaded and due to MQS the incumbent 
provides a high-end quality level. For intermediate-
high entry costs, there is entry deterrence and the 
existence of MQS may increase the limiting quality.  
However, for lower intermediate entry costs, the 
existence of MQS may decrease welfare because 
it decreases the entrant’s profit and, consequently, 
facilitates entry deterrence. The impact of MQS 
on exit has also been studied by Baliamoune-
Lutz and Lutz (2010), considering entry costs and 
quality dependent production costs. The authors 
show that the firm with cost advantage may have 
incentives to induce exit when MQS are imposed. 

Lambertini and Tedeshi (2007a) investigate a 
model of sequential entry with quality innovations 
being protected by patents. They show that the 
length and height of the patents influences the 
market dynamics.  Duopoly equilibrium can only 
happen when the follower enters with a lower 
quality product. This is socially preferable to the 
alternative situation where the first innovator 
produces a limit quality and remains a monopolist. 
Therefore, it is socially efficient to (i) shorten patent 

3 Considering the various chapters in this eBook, some studies that also deal with entry may be mentioned in other
chapters due to their main theme.



FREE ENTRY EQUILIBRIUM
NATURAL OLIGOPOLIES

Gabszewicz and Thisse (1980) 
Shaked and Sutton (1983)
Sutton (1986)
Shaked and Sutton (1987)
Anderson et al. (1992)
Demange and Henriet (1991)
Constantatos and Perrakis (1999)
Lahmandi-Ayed (2000)

SINGLE PRODUCT FIRMS/
SINGLE INCUMBENT 

Nil costs
Hung and Schmitt (1998)

Fixed quality costs
Lutz (1997)
Karaer and Erhun  (2015)

Variable quality costs
Noh and Moshini (2006)

SINGLE PRODUCT FIRMS/
MULTIPLE INCUMBENTS

Nil costs
Donnenfeld and Weber (1992)

Fixed or Entry costs
Donnenfeld and Weber (1995)
Peitz (2002)

MULTIPRODUCT FIRMS
Constantatos and Perrakis (1997)

ENTRY DETERRENCE 
LIMIT QUALITY RESULTS

INTERPLAY BETWEEN ENTRY
AND ENTRY DETERRENCE
WITH OTHER VARIABLES

Income Inequality
Yurko (2011)

Minimum Quality Standards
Constantatos and Perrakis 
(1998) 
Baliamoune-Lutz and Lutz 
(2010)
Lee and Phuyal (2013) 

Innovation and Patents
Lambertini and Tedeschi (2007)
Baron (2020)

24

protection over the first innovation, so as to yield 
the appropriate incentive for the first innovator to 
enter with a high-quality good, and (ii) leave room 
for later entry on the part of new firms supplying 
low-quality alternatives.

Bergemann and Välimäki (2002) study the entrant 
optimal strategy in an infinite horizon game. They 
show that superior products are launched at high 
initial prices and slowly, while close substitutes to 
the existing products are launched aggressively 
and at low initial prices. Baron (2020) explores the 
dynamics of innovation and entry in a VPD model. 
The article considers a model with two firms that 
innovate in order to increase their product quality. 
An entrant chooses a product quality in the middle 
of the quality gap. The incumbent has incentives 
to innovate so as to deter entry.  Growth is due 
to new product introduction and innovation by 
incumbents rather than to creative destruction by 
entrants. However, the threat of entry is essential 
for this dynamic behavior and to lower prices.

Conclusion and future research

This chapter reviewed entry and entry deterrence 
studies under VPD. Two important results should 
be highlighted. The first is the possible existence 
of an upper bound in the number of firms that can 
profitably operate in equilibrium, even considering 
nil entry costs (the finiteness or the natural 
oligopoly property). The second interesting result 
that arises in sequential entry models is that quality 
choices may be influenced by the threat of entry. In 
many models, there is a limit quality, i.e., there is a 
minimum quality that deters entry. 

One issue that seems not to have been explore 
enough is the interplay between entry and entry 
deterrence and market coverage as most studies 
assume full market coverage. Moreover, the 
robustness of some results under quality dependent 
production costs could also be explored.

The next figure summarizes these results:



25Chapter 6

6. VPD and Price Discrimination
In this chapter, we cover the main research in the 
VPD literature and price discrimination strategies. 
Mussa and Rosen (1978) is the pioneering VPD 
model and monopolist pricing. Under convex 
marginal quality costs, they find that it is optimal 
to price discriminate. The monopolist will offer 
inefficiently low qualities to reduce substitution 
possibilities for high valuation for quality 
consumers.1 Salant (1989) explores the influence 
of the quality cost function in the Mussa and Rosen 
model on the product discrimination profitability. 
The author derives the conditions under which 
price discrimination occurs. If the marginal 
production cost is sufficiently convex in a product’s 
quality, then it is optimal to induce self-selection. 
Whereas if there are increasing returns to quality, 
the second-degree price discrimination is not 
profitable. Accordingly, Bhargava and Choudhary 
(2008) show that a monopolist price discrimination 
is not profitable, when the marginal quality costs 
are zero and the utility function is separable in 
consumer types and quality level. 

The welfare impact is one of the focus of this 
literature research. Ikeda and Toshimitsu (2010) 
discuss monopolist price discrimination and VPD 
markets’ welfare consequences. Under fixed costs 
of quality and two vertically differentiated markets, 
the authors show that price discrimination increases 
welfare. Contrasting with this result, Nguyen (2014) 
concludes that monopolistic third-degree price 
discrimination reduces welfare, when setting 
variable cost of quality. Additionally, the analysis 
of firms’ profits is also discussed. Corts (1998) 
first analyses duopolistic price discrimination 
under two different groups of consumers (one with 
vertically differentiated products) under constant 
marginal production costs. The author concludes 
that price and welfare effects may arise under 

1 See also Gabszewicz et al. (1986).

2 Stole (1995) considers a model where firms are horizontally differentiated and are uncertain about consumers’ vertical 
preferences. Assuming nonlinear pricing, he shows that each firm produces the first best quality for the consumer locat-
ed at the firm’s location, while for all others consumers, firms distort qualities downwards.

price discrimination and that price discrimination 
between the groups intensifies competition, 
leading to reduced prices and lower profits for both 
firms.2 Liu and Serfes (2005) explore a market with 
asymmetric vertically differentiated duopolists, 
focusing on the competitive implications of 
third-degree price discrimination under different 
degrees of precision of consumer information. The 
authors show that when the cost of information is 
low, the high-quality firm acquires information and 
uses price discrimination, whereas the low-quality 
firm uses uniform pricing. Contrary to Corts (1998), 
the high-quality firm profits are higher under price 
discrimination. Considering convex unit cost of 
quality, Encaoua and Hollander (2007) propose 
a three-stage game, where simultaneously firms 
choose first qualities, then the pricing regime and 
in the last stage, simultaneously set prices. The 
authors show that discriminatory pricing is the 
unique subgame perfect Nash equilibrium and 
qualities are socially optimal. Both firms attain 
higher profits under discriminatory pricing.

When it comes to entry dynamics, Reisinger 
(2004) presents a three-stage VPD model with 
entry decisions, then sequential quality choices 
and, lastly, simultaneous price decisions. They 
show that when firms produce a quality range and 
practice second-degree discriminatory pricing, 
welfare is higher in case of entry deterrence, 
because the incumbent expands its product 
line and increases market coverage, whereas if 
entry is accommodated, the impact on welfare is 
ambiguous, although consumers’ surplus increases 
due to lower prices. In contrast to traditional VPD 
models, which assume that consumers have unit 
demand, Herweg (2012) investigates the effects of 
quantity discounts when consumers have identical 
preferences for quality but differ in preferences 
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for quantity. The author consider a three-stage 
game, where firms first make entry decisions, then 
simultaneously decide quality choices and, finally, 
simultaneous choose a two-part tariff. In equilibria, 
two-part tariff competition encourages entry and 
increases welfare, both with full or partial market 
coverage.3

Conclusion and future research

This chapter reviewed the scarce literature on 
price discrimination under VPD. The impact of 
price discrimination on welfare is ambiguous and 
it depends on various factors, such as production 
costs functions. Moreover, entry dynamics 
analysis under VPD also has ambiguous welfare 
consequences.

In terms of the research on price discrimination, 
future work may consider exploring more types of 
discriminatory pricing and asymmetric information 
setups.  Also deserving attention for future research 
is the consideration of different consumers’ taste for 
quality distribution functions and a larger number 
of firms. 

The next figure summarizes these results:

3 See also Kováč (2005) for tying and entry deterrence analysis in VPD markets.
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7. VPD and Multiproducts
The VPD literature commonly assumes that firms 
produce only one product. In this chapter, we explore 
several papers, which focus on VPD competition 
between multiproduct firms. These include setups 
where firms can choose different product quality 
types and not just one product type. Although 
single product is analytically straightforward, 
firms producing and selling various differentiated 
products abound in reality.

An early contribution to multiproduct firms is 
Gal-Or (1989). In an oligopoly model where 
both the quantity and the quality of products are 
endogenously determined, the author shows that 
there may be a decrease in average quality and 
welfare if consumers are uniformly distributed and 
firms with equal costs will compete head-to-head 
by producing identical multiproducts. Following 
Gabszewicz and Thisse (1979) utility setup, de Fraja 
(1996) discusses a quantity-setting model and 
demonstrates that any equilibrium is symmetric 
since the firms’ product lines are identical and 
firms produce the same quantity of each product.

Considering a two-stage VPD full coverage duopoly, 
where firms may choose, in the first stage, multiple 
products, with different intervals of qualities, 
and, in the second stage, compete in prices for 
each produced quality, Champsaur and Rochet 
(1989) first demonstrate that firms produce non 
overlapping product lines in the subgame perfect 
equilibrium. Under variable quality costs and full 
coverage, both firms earn positive profits and offer 
a whole range of qualities to reduce intensity of 
price competition. Another relevant contribution is 
Cheng et al. (2011), which discuss the impact of the 
cost functions assumptions and market coverage 
on firms’ single or multiple product decisions. The 
authors find that when the unit cost is zero or linear, 
each firm produces a single product. If firms have 
variable production costs, increasing and quadratic 

in quality, they choose to produce multiproducts. 
Moreover, partial market coverage brings 
multiproduct firms in equilibrium.1 Multiproduct 
decision intensifies competition, lowers firms’ 
profits and raises welfare in comparison to the 
single product. In 2012, Cheng and Peng explored 
quantity competition in the second stage under 
multiproduct firms. The authors show that the 
duopoly equilibrium brings quality differentiation 
with a non-segmented pattern, since firms want to 
avoid an impact of cannibalization, and that there is 
low-quality advantage. In contrast, Cheng and Peng 
(2014) propose to study segmented differentiation 
and to characterize the endogenously determined 
patterns of quality differentiation between a 
high-quality firm and a low-quality firm. The 
authors consider a two-stage game, where firms 
simultaneously choose the number of products 
and their qualities in the first stage, and then 
compete in prices in the second stage. Under 
variable production costs and fixed setup cost 
for each firm product type, multiproduct firms will 
differentiate the qualities of their products to reduce 
the number of products facing direct competition 
and high-quality firm never offers more products 
than the low-quality firm does.

Johnson and Myatt (2003) consider an entry 
duopoly with asymmetric firms, where the 
incumbent can produce an entire range of qualities, 
while the entrant is limited to some range with 
an upper quality level. In the second stage, firms 
compete in quantities for each quality produced. 
The authors investigate how the firms strategies of 
fighting brands or product line pruning scenarios 
depend on whether entry prompts the incumbent 
to increase or reduce its total production and 
conclude that multiproduct firms may or may 
not sell identical products depending on their 
technological capabilities similitude.2 Kitamura 
and Shinkai (2015) also focus on an asymmetric 

1 Both Champsaur and Rochet (1989) and Cheng et al. (2011) assume that qualities provided by one firm are all higher than 
those of the rival.

2 See also upgrades approach in multiproducts by Johnson and Myatt (2006).
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firms VPD market, where firms sell at most 
two distinct products. The authors show that in 
equilibrium, the efficient firm produces more of the 
high-quality good and the inefficient firm produces 
more of the low-quality good. When the relative 
quality superiority of the high-quality good is small, 
cannibalization for the inefficient firm is stronger 
than that for the efficient firm.3

Conclusion and future research

An important insight of multiproduct VPD literature 
is that single or multiproduct decision depends 
crucially on the production cost assumptions 
and market coverage type. Two results should 
be highlighted. The first is that the impact of 
multiproduct firms on welfare is ambiguous 
and, the second, is that it may lead to low-quality 
advantage.

In terms of the research on Multiproduct in VPD 
markets, avenues for future research may consider 
exploring different consumers’ tastes for quality 
distribution functions and different timing of 
decisions. 

The next figure summarizes these results:

3 See also multiproduct with capacity constraints by Yayla-Kullu et al. (2013).
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8. Multidimensional VPD
This chapter reviews the articles that study 
multidimensional vertical product differentiation. 
We start by reviewing articles that consider 
simultaneously vertical and horizontal product 
differentiation. Next, we review models with several 
vertical product attributes.

Regarding the models where we have simultaneously 
horizontal and vertical differentiation attributes, 
if marginal costs are nil, one interesting result is 
that we may have maximal differentiation along 
the vertical dimension and agglomeration in the 
horizontal dimension (in some models the reverse 
is also possible). Moreover, there may exist a 
substitutability effect between horizontal and 
vertical differentiation.

Under the most common assumptions of uniformly 
distributed consumers, separable utility functions 
and cost functions that do not depend on quality 
the results in multidimensional models differ 
significantly from one-dimensional models, as we 
no longer obtain maximum differentiation along 
all the dimensions. Instead, firms choose quality 
levels that correspond to maximum differentiation 
along one dimension but minimal differentiation 
along all the remaining dimensions. However, the 
more recent studies show that these results no 
longer hold under different preferences and cost 
assumptions. In particular, more recent results 
show that firms may differentiate in more than 
one dimension and that the quality leader in each 
dimension may not always be the same.

Horizontal and vertical product differentiation

Several authors analyzed what happens when there 
are both horizontal attributes (not all consumers 
agree on which variety is best) and vertical attributes 
(all consumers prefer higher quality products). 
However, in many of the initial works one of the 
dimensions was considered exogenously given 
while the other was determined endogenously. 
For instance, Ferreira and Thisse (1996) employed 
Launhardt’s (1885) spatial model to study the 
optimal quality choices, assuming exogenous 

locations. They find that firms maximize vertical 
differentiation when horizontal differentiation is 
minimized and vice-versa. Similarly, Degryse (1996) 
considers that firms are located at the points 0 
and 1/2 in the unitary circle and have to decide 
between two extreme quality levels (which, in their 
model, was to introduce or not remote access) in 
a model with a negative interaction term between 
the horizontal and vertical dimensions. The author 
shows that the way the market is divided depends 
on the parameters. There are cases of vertical 
dominance where one firm serves all consumer 
who value more quality, regardless of their location, 
but there are also cases where the market of each 
firm is formed by the consumer closer to the firm, 
regardless of their quality valuations.

Economides (1989) considers a three-stage game 
where firms first decide locations, then qualities 
and, finally, prices, considering that quality does 
not affect product costs but implies an investment 
cost.  In his model consumers differ in their location 
(variety preference) but they all value equally 
increases in quality. He shows that in equilibrium 
there is maximal variety differentiation and minimal 
quality differentiation. 

Tseng et al (2010) study the interplay between 
horizontal and vertical product differentiation under 
different price settings (they consider both mill 
pricing and delivered pricing). With discriminatory 
pricing, they show that firms agglomerate in the 
city center if there is enough vertical differentiation 
while spatial differentiation will also exist for 
intermediate levels of vertical differentiation. 
Under discriminatory pricing, they also show a sort 
of substitutability between vertical and horizontal 
differentiation. On the other hand, with mill pricing 
or with uniform delivered pricing, as long as there 
exist vertical differentiation, firms will always locate 
in the center. When firm choose endogenously both 
quality and location in equilibrium we never observe 
maximal differentiation in both dimensions, 
maximal quality differentiation and minimal spatial 
differentiation may occur, but not the reverse.
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Degryse and Irmen (2001) consider a model where 
the choice of quality influences the perceived 
horizontal differentiation and study how that 
affects the quality choices. Therefore, the model 
consider a form of attributes dependency. When 
preferences for quality and variety are negatively 
related, the authors show that there tends to be 
underprovision of quality with respect to the social 
optimal level. The opposite happens in the case of 
positive dependence.

Within the literature that incorporates both 
horizontal and vertical dimensions, a subset 
analyzes whether firms prefer to follow a niche 
strategy (introducing just one variant of the good) 
or a product line strategy (introducing low and 
high-quality). This is done by Canoy and Peitz 
(1997) who assume that there is consumers 
heterogeneity in the high-quality range but not in the 
low-quality range. Thus, horizontal differentiation 
is only possible in the high-quality segment. In a 
sequential entry game, the authors show that when 
scope economies are strong the first incumbent 
(the first mover) opts for a product line strategy 
whereas the second incumbent follows a niche 
strategy. However, there are also cases where 
the first incumbent opts for a niche strategy while 
the second incumbent opts for a niche strategy 
(accommodating entry by a third firm) or a product 
line (to deter entry of a potential entrant). Similar 
issues have been analyzed by Weber (2008) and 
Feng, Li, and Chen (2013) in a monopoly context. 

Weber (2008) considers a model where a firm first 
decides the quality, not knowing the distribution 
of tastes and reservation prices. In the second 
stage, the firm learns this distribution and may 
decide to extend its product line by versioning 
its product using pure horizontal differentiation, 
quality degrading, or both. He shows that under 
quasilinear preferences and uniform distribution 
versioning with respect to both horizontal and 
vertical attributes is never optimal. If investment 
quality costs are low it is optimal to vertically 
differentiate, if they are high it is optimal to have 

horizontal versioning. Feng, Li, and Chen (2013) 
also consider a monopoly setup and analyze 
the optimal versioning strategy, showing that it 
depends a lot on the consumers’ distribution. 

Multidimensional vertical differentiation

In the horizontal differentiation framework in 
models where goods have several characteristic, 
Tabuchi (1994), Vendorp and Majeed (1995) 
and Irmen and Thisse (1998) find that maximum 
differentiation holds along one of the dimensions 
whereas minimum differentiation holds along 
all the remaining dimensions.1 The initial works 
dealing with multidimensional quality dimensions 
obtain precisely the same type of result, showing 
that in equilibrium firms differentiate only along 
one of the dimensions and choose the same value 
of the remaining quality dimensions.

Vandenbosch and Weinberg (1995) assume a 
bidimensional model with uniform distribution 
of the taste parameters and nil production costs. 
They show that the equilibrium depends on the 
relative ranges (difference between the maximal 
and minimal quality) in each of the dimensions. 
If the possible quality ranges are similar, the 
equilibrium is of the max-min type. That is, firm 
choose quality that maximize differentiation in one 
of the dimensions and minimize differentiation 
in the other quality dimension. In addition, the 
authors claim that if the range of possible qualities 
are substantially different for the two dimensions, 
the resulting equilibrium may be of the max-max 
type, that is one of the firms chooses the highest 
quality in the two dimensions while the other firm 
chooses the lowest quality in the two dimensions 
or of the Max-partial type, in which case maximal 
differentiation occurs in one of the dimensions and 
partial differentiation in the other.

Lauga and Ofek (2011) also study a bidimensional 
quality model but consider marginal costs that 
depend linearly on the qualities chosen in the 
two dimensions. They show that the equilibrium 

1 Tabuchi (1994), Vendorp and Majeed (1995) consider a bidimensional model whereas Irmen and Thisse (1998) a more 
general multidimensional model deriving a «Max-Min-Min….-Min» equilibrium. Ansari, Economides, and Steckel (1998) 
obtain similar results in their bi and tridimensional Hotelling model.
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depends on how costly it is to provide higher 
quality.  The Max-Min results holds when the cost 
of offering higher quality is relatively low. Moreover, 
Lauga and Ofek (2011) show that firms always 
differentiate along the dimension with the greater 
attribute range. On the other dimension, firms 
either agglomerate in the highest quality level 
(when costs are low) or the lowest quality level 
(when costs are intermediate). On the contrary, 
when marginal costs are high, the authors show 
the existence of a Max-Max equilibrium in which 
one of the firms chooses the highest quality level 
in both dimensions while the other chooses the 
minimal level in both quality dimensions. It should 
be highlighted that the case of nil marginal cost is 
a particular case of Lauga and Ofek (2001). Hence 
their results imply that with nil marginal cost (the 
scenario analyzed by Vandenbosch and Weinberg, 
1995), firms will maximally differentiate along the 
dimension with wider range and agglomerate in 
the highest quality in the other dimension.

Garella and Lambertini (2014) consider a 
model with two quality dimensions but in which 
consumers differ in their taste parameter in only 
one of the attributes; i.e., there is a non-hedonic 
quality and a hedonic quality dimension. In their 
base model, the marginal costs depend on quality 
but in a discontinuous way in the sense that if 
quality is at the minimum level, the marginal cost of 
production is nil, but higher levels of quality imply 
a «jump» to positive marginal cost. The authors 
show that one of the firms always chooses the 
lowest possible quality of the hedonic attribute 
whereas the other firm chooses a higher quality 
(not necessarily the maximal level). Moreover, there 
exist a substitutability effect in the differentiation 
degree between the two characteristics, meaning 
that a reduction in the differentiation in one of the 
dimensions is compensated by an increase in the 
differentiation in the other dimension. There can 
be three types of equilibria: (i) equilibria where 
one firm is leader in just one dimension (single 
leadership); (ii) equilibria where a firm is the leader 
in both dimensions (double leadership); and (iii) 

2 See also Pires et al. (2022c).

equilibria with cross-quality leadership where one 
firm has the highest quality level in one dimension 
and the other firm has the highest quality in the 
other dimension. When preferences are such that 
consumers preferences in the two dimensions are 
positively correlated, double leadership equilibria 
arise. On the contrary, if preferences in the two 
dimensions are negatively correlated, cross 
leadership can be an equilibrium. The novelty in 
this work is the possibility of cross-leadership 
equilibria. This equilibrium can be interpreted as 
a Max-Max type of equilibria as there is maximum 
differentiation in the two dimensions, but it differs 
from the double leadership because the leader in 
each quality attribute is different.2

Novo-Peteiro (2020) considers a bidimensional 
VPD model, which includes an interaction term 
between the two quality characteristics and studies 
how that influences the differentiation strategies 
of firms. This paper obtains results, which are fully 
consistent with Garella and Lambertini (2014). 
Maximal differentiation (double leadership) in both 
quality dimensions arises when the attributes are 
complements. On the other hand, if the two quality 
attributes are substitutes, each firm specializes in 
one of the quality dimensions (cross-leadership). 
The normal Max-Min result holds if there is 
low attribute dependence. The basic model of 
Novo-Peteiro considers nil cost. But they show 
that introducing investment costs with scope 
economies implies that the equilibria with double 
leadership hold in larger region of parameter space.

A work that follows a quite different approach 
is Barigozzi and Ma (2018). This paper study a 
very general model with n quality dimensions 
and general preferences distribution, assuming 
independence among the preferences regarding 
the various attributes and unit production costs 
that are increasing and convex with quality. 
This paper does not find explicit solutions of the 
subgame perfect Nash equilibrium but instead 
characterizes the equilibria candidates (if they 
exist). Therefore, the paper defines necessary 
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conditions for equilibria. The paper shows that 
equilibria always depends on two forces: the 
Spence effect, according to which firms choose the 
ideal quality for the set of indifferent consumers 
(this effect alone would lead to equal qualities 
choices) and the «price reaction effect» according 
to which firm would like to choose qualities so as 
to increase the rival’s price in the second stage 
of the game (soften competition). The last effect 
explains why firms will always want to differentiate.  
The general model is applied to some specific 
cases. Considering unit costs that are quadratic on 
quality, we no longer have maximal differentiation, 
but there is differentiation at least in one of the 
dimensions. With cost interdependencies, we may 
obtain single leadership or cross leadership.

Conclusion and future research

This chapter reviewed VPD articles where there 
are more than one product characteristics. When 
the preferences regarding the various quality 
dimensions are independent and costs are nil, 
there is maximal differentiation along one of the 
dimensions and minimal differentiation in the 
remaining attributes. With marginal costs that vary 

with quality, if costs are high, the equilibrium involves 
maximal differentiation in both dimensions. 
Moreover, if the quality attributes are complements 
and/or there are economies of scope, one firm will 
be the quality leader in the two dimensions. On 
the contrary, if the attributes are substitutes and/
or there are diseconomies of scope, there may 
exist cross-leadership (one firm is the leader in one 
dimension, the other firm in the other). 

Considering the additional difficulty of considering 
several quality dimensions, it is not surprising that 
all the papers reviewed in this chapter assume 
the market is fully covered.  Therefore, one 
possible avenue for research is to investigate the 
positioning of the firms in the qualities space if the 
market is not fully covered. Even more ambitious, 
one could consider market coverage as an 
endogenous choice.  However, this would be an 
incredibly difficult task, which probably can only be 
done numerically.  At a general level, it would also 
be interesting to incorporate Chen and Riordan 
(2015) idea of modeling consumers’ correlated 
preferences using copula in multidimensional 
quality models.

 The next figure summarizes these results:
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9. VPD and Vertical Industries
Vertical Industries are industries encompassing 
upstream manufacturers and downstream retailers, 
in which the upstream firms may set linear pricing, 
non-linear pricing or even set vertical restraints 
such as: retail price maintenance, franchise fee 
pricing, exclusive dealing, exclusive territories and 
quantity fixing, among others.1

In their pioneering work, Bolton and Bonanno 
(1988) admit an upstream monopolist who sells a 
homogeneous good to downstream retailers who 
compete in prices in a VPD market, comparing 
linear pricing with vertical restraints. The authors 
show that the optimal linear pricing contract brings 
vertical inefficiency and that vertical restraints are 
more profitable than a linear pricing contract, but 
do not restore vertical efficiency. When facing linear 
pricing, downstream firms retailers will have the 
incentive to differentiate, but competition leads to 
low prices. When using a retail price maintenance, 
the incentives for product differentiation are 
reduced and upstream monopolist is better off. 
Focusing on partial market coverage, Brito et al. 
(2019) investigate the welfare and competitive 
impacts of uniform pricing and third-degree input 
price discrimination considering an upstream 
monopolist and duopolistic downstream 
symmetric firms. The authors’ main finding is that 
the upstream monopolist sets lower input prices to 
the low-quality firm and total output increases, this 
efficiency distortion is welfare improving when the 
quality gap is significantly high.

Chen (2017) propose a monopolistic upstream 
market and a duopolistic downstream VPD 
market, but with asymmetric firms and partial 
market coverage. The upstream monopolist sells a 

1 In a downstream duopoly with product differentiation, Gal-Or (1991) and the great majority of studies on vertical 
industries and their pricing strategies, consider product differentiated demands set by Dixit (1979) or Horizontal Product 
Differentiation.

homogenous input product to the two downstream 
firms and downstream market may have Bertrand 
or Cournot competition. Under two different 
contract regimes, linear price (unit wholesale price 
for the input) and non-linear price regime (two-part 
tariff), the monopolist can set two pricing policies: 
discriminatory pricing and uniform pricing. Under 
the linear pricing regime, discriminatory pricing 
by an upstream monopolist could be welfare 
improving, even though the total output does not 
change. The welfare increases when the socially 
more efficient downstream firm sells relatively 
more output. Under non-linear pricing regime, 
uniform pricing may lower wholesale prices and, 
therefore, increases total output and welfare. The 
author demonstrate that the equilibrium input price 
depends on the downstream firms’ quality gap and 
costs asymmetry. Spiegel and Yehezkel (2003) also 
explore this framework and focus on the impact 
of the cost difference between the retailers. If this 
cost difference is not too large, it is optimal for the 
upstream monopolist to foreclose the low-quality 
retailer, through either exclusive high-quality 
distributor, setting a sufficiently high wholesale 
price and a high resale price maintenance or a high 
franchise fee.

In a VPD uncovered market, Li and Chen (2019) 
focus on the endogenous pricing timing game in a 
vertical industry with two upstream firms and one 
downstream firm. The impact of the upstream firms’ 
timing of pricing on all firms’ profits and welfare are 
discussed. When the qualities are endogenous, the 
simultaneous game is the equilibrium where all 
firms have higher profits and both price and quality 
competitions between the two upstream firms are 
softened. 
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Conclusion and future research

Although product differentiation in vertical 
industries is common in real world, the literature 
analyzing the effects of VPD in the downstream 
market is scarce and mainly focus on uncovered 
markets. This literature review provides mixed 
results in terms of the pricing regime impacts.

In terms of the research on vertical industries 
in downstream VPD markets, future work may 
consider exploring different consumers’ taste 
for quality distribution functions and different 
competition types. Moreover, exploring duopolistic 
asymmetric competition in the upstream market is 
an avenue for future research.

The next figure summarizes these results:
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10. VPD and Mixed Oligopolies
In some markets, especially those related with 
goods of public interest, it is common that one 
State-owned firm coexists with one or more 
private firms. In the literature, they are assumed 
to compete for quality, quantity and/or price. 
Examples of mixed oligopolies can be found in the 
health sector, telecommunications, transportation, 
postal services, education, the banking industry, 
or insurance, among others. The public player 
may have as objective function the maximization 
of social welfare, or a mix of public and private 
interests, with the former being measured by 
consumer surplus, while the latter is captured by 
profits (sometimes subject to a non-negativity 
profit constraint to guarantee self-sustainability and 
not being a burden to the country’s fiscal balance). 
Private players only aim to maximize own profits. 
Due to this difference in the objective functions, 
it is generally believed, at least for homogeneous 
goods markets, that public companies have 
the advantage of being able to charge lower 
equilibrium prices than private ones, given their 
social concerns specified in the function they are 
supposed to optimize. So, in mixed oligopolies 
prices can be lower than in oligopolies consisting 
only of private firms, even though competition is 
expected to be less severe.

The role of a public firm in a mixed oligopoly

The idea of mixed oligopolies has been first 
presented by Merrill and Schneider (1966). 
Although a public firm maximizes social welfare, it 
is not obvious that, in interaction with private ones, 
this market structure will indeed lead to higher 
welfare levels. However, through the strategic 
interdependence between the Government ruled 
company and the rest of the market, the industry’s 
performance can be altered. This is the view of using 
the public firm as an internal regulatory instrument, 
as presented by Harris and Wiens (1980) in a 
model where the public firm is dominant, decides 
its output and private companies react to it.

Some authors have demonstrated that this 
order of play in which the public firm is a leader 
may not be the welfare maximizing one. Beato 
and Mas-Colell (1984) show that welfare may 
be higher if the public firm is a follower, with the 
private firm maximizing its profits along the public 
firm’s reaction curve. The role of the public firm as 
regulator from inside, in turn, has been explored 
for instance in Cremer et al. (1989), who discuss 
the optimal number of public firms (new entrants 
or resulting from nationalization) in imperfectly 
competitive markets; these firms are used as policy 
instruments to improve resource allocation. Also 
concerning the number of competitors, De Fraja 
and Delbono (1989) and Cremer et al. (1991) prove 
that social welfare may decrease under mixed 
oligopoly as compared with “pure” oligopoly if the 
number of competitors is sufficiently high.

The theoretical literature on VPD in mixed 
oligopolies

Since the products that are traded in most markets 
are differentiated, a line of literature has emerged 
combining mixed oligopolies with product 
differentiation. In this chapter, we review the branch 
of this literature concerned with VPD. As can be 
easily anticipated, the main subjects analyzed have 
to do with the welfare implications of such type of 
competition, the impact of the order of play (who is 
the leader and in which variable, or whether public 
and private firms make simultaneous decisions), 
qualities provided in equilibrium and by whom, 
market coverage, dispersion of the consumers’ 
preferences for quality, the optimal degree of 
privatization or nationalization, among others.

One of the first papers that addresses VPD in mixed 
oligopolies is Grilo (1994), who focus on a duopoly, 
under the assumption of full market coverage 
(that is, all consumers must be served by one of 
the firms). This assumption implies that the model 
applies mainly to markets with inelastic demand 
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(such as some fields of health care and education). 
Both firms are symmetric and face unit costs that 
are constant to quantity but increasing to quality. 
They first select their quality level simultaneously 
and then simultaneously compete in prices. In this 
paper, the objective function of the public player is 
total surplus, that is, the sum of consumer surplus 
and the profits of both competitors (a “pure” public 
firm). Consumers’ preferences for quality are 
uniformly distributed. The author shows that the 
existence of the public player allows achieving the 
socially optimal solution.

In a subsequent paper also considering two 
competitors, one private and one public, but 
allowing for the possibility that the market may not 
be fully covered, Delbono et al. (1996) address the 
question of which market segment will each player 
supply, the lower or the upper, assuming consumers 
are uniformly distributed. Conventional wisdom 
suggests that the public company would stay with 
the lower segment, while the private would explore 
the upper. However, the authors show that if firms 
make simultaneous decisions (as in Grilo, 1994) 
two outcomes are equilibria: either the public with 
the lower segment and the private with the upper, 
or vice-versa. Furthermore, if a move advantage is 
granted to the public player for the quality choice, 
in the unique Stackelberg equilibrium the public 
firm will serve the upper market segment, whereas 
the private player serves the lower one. One should 
note that this conclusion may change if consumers 
are more concentrated in the low segment of the 
market, instead of uniformly distributed.

This conclusion may also change if the timing is 
endogenized instead of a priori assumed. Liu and 
Lu (2014) show that playing simultaneously at 
each stage (quality first and then price, given that 
the former is normally a long-run decision, and the 
latter is easier to adjust) is the unique subgame 
perfect Nash equilibrium in a mixed oligopoly. This 
is the result of the strategic interaction between the 
public and the private firms: aiming at maximizing 
social welfare, the public firm wants to move first 
in both the quality stage and the price stage to 
guarantee high product quality and low price, but 
then, anticipating this, the private firm does not 
want to be a follower and prefers to move first too. 

The authors show that if both firms were private 
the equilibrium would as well involve simultaneity 
in the quality stage, but sequential play in the price 
stage.

This simultaneous play in the two stages of the 
quality-then-price game between a public and a 
private firm is used by Laine and Ma (2017). Unit 
production costs are an increasing and convex 
function of quality. There are equilibria in which the 
public firm supplies the high-quality and the private 
firm the low-quality, but there are also equilibria in 
which the reverse holds.  These authors employ 
a general distribution for consumer’s preferences 
and show that some distributions allow for efficient 
equilibrium qualities.

Considering that the co-existence of public and 
private firms is in some cases motivated by social 
concerns, assuming a uniform distribution for the 
willingness to pay may not be very realistic, given 
the clear relationship between the distribution 
of the willingness to pay and the distribution of 
income. Benassi et al. (2016) establish conditions 
between the quality spectrum and the distribution 
of the consumers’ willingness to pay for a price 
equilibrium to exist and for it to be unique, thus 
proving that the distribution of the willingness to 
pay affects equilibria.

With fixed quality-dependent costs, Lutz and 
Pezzino (2014) consider that the private firm has 
profit objectives in both stages of the game, as usual, 
but the public firm has long run social objectives 
and short run profit objectives. In the first stage, 
the public firm chooses quality to maximize social 
welfare, but in the second stage, it chooses prices 
or quantities to maximize profit. Two competing 
variables for the second stage - price or quantity 
- are admitted and results compared. When firms 
compete a la Cournot, nationalizing one of the 
firms in the industry and creating a mixed oligopoly 
may be a more efficient regulatory instrument than 
setting minimum quality standards. The strategic 
distinction between short and long run decisions 
has further implications: social welfare is higher 
than under pure duopoly, independently of price 
or quantity competition in the short run; welfare is 
higher when it is the public firm that provides the 
high-quality.
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The question of nationalizing or privatizing is a 
natural issue when addressing the welfare effects 
of mixed oligopolies, with or without product 
differentiation: should private firms be nationalized 
and turned into public ones, or should public 
ones be privatized and become players with pure 
private objectives? Noting that the quality offered 
by public firms is often inferior to the quality 
offered by private ones (e.g., longer waiting times 
in public hospitals than in private ones) and using 
a Hotelling-type model of product differentiation,1 
Ishibashi and Kaneko (2008) investigate this 
quality distortion and propose desirable market-
interventions. They admit quality dependent fixed 
costs and quality independent variable costs and 
suggest partial privatization of the public firm to 
approach the two qualities offered to the efficient 
levels. Partial privatization represents public and 
private co-ownership, whose objective function is a 
weighted average between own profits and social 
welfare (full nationalization or full privatization are 
particular cases, in which full weight is assigned 
to one of the objectives). De Donder and Roemer 
(2009) approach, who, instead of considering firms 
with different objectives, admit different factions 
inside each firm, bears some resemblance with 
this. These authors show that when a faction bent 
on welfare optimization enters a firm through 
Government’s participation, equilibrium welfare 
increases.

The incentives to privatize or nationalize may 
change when one includes other countries in 
the analysis, because efficiency motives may no 
longer be the dominant ones. Public and private 
firms compete in international markets with other 
public and private firms and hence the degree 
of privatization can be used by Governments 
to strategically influence social welfare in their 
country (Bárcena-Ruiz and Garzón, 2020). The 
optimal degree of privatization is indeed a function 
of many variables. For instance, Wang and Wang 
(2022) show that it also depends on the corporate 
social responsibility choices of the private firm.

1 Although Hotelling type-models are usually connoted with horizontal product differentiation, Cremer and Thisse (1991) 
show that “every model belonging to a very large class of Hotelling-type models (including all the commonly used speci-
fications) is actually a special case of a VPD model. Formally speaking this means that the Hotelling type-model and the 
corresponding VPD model are equivalent.” (page 383)

Applications to specific markets

The health care market is abundant in terms 
of applications of mixed oligopolies models. 
Public-Private Partnerships (PPP), which, in some 
countries, are common in the health sector and are 
designed to deal with concerns about public sector 
inefficiencies, can be seen as firms with both 
private and social objectives (partial privatization). In 
a sector where information plays a key role, Sanjo 
(2009) shows that the quality provided by hospitals 
is impacted by patients’ perceived quality, and that 
if patients’ preference for quality is sufficiently high 
the partially privatized hospital may offer higher 
quality than the private one. In a model with fixed 
quality-dependent costs where, after deciding the 
quality, competitors choose quantities, Jofre-Bonet 
(2000), in turn, shows that a mixed oligopoly among 
health care providers, besides improving welfare 
as compared with strictly private provision, may be 
the least expensive scenario but, in equilibrium, the 
high-quality demand will be served by the private 
entity and the low-quality demand by the public 
one.

In a paper applied to port privatization as an 
instrument to enhance port efficiency and 
expand trade volume, Wang et al. (2018) identify 
several variables on which the social optimal 
level of privatization of a public port depends, 
independently of Cournot or Bertrand competition: 
market size, differentiation degree between 
competitors, marginal operation costs.

Conclusion and future research

This chapter reviewed studies on VPD in mixed 
oligopolies. It became clear that the order of play 
(the public firm first or the private) matters for 
the equilibrium qualities offered. Contrary to what 
is usually presumed, the public firm needs not 
always be the one offering the low-quality. Another 
important highlight is that one should not simply 
admit either pure public or pure private companies, 
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as co-ownership, with some degree of privatization, 
may be a good solution in some markets.

Although the existing literature covers several 
important topics, the level of market coverage, in 
connection with consumers’ quality preferences 
dispersion, seems not to have been fully explored so 
far, especially in what concerns its endogenization. 
Still deserving more attention is the consideration 
of a larger number of players. Indeed, due to the 
complexity of the formalization, most studies on 
mixed oligopolies assume just one public and one 
private player. Additional applied studies would 
also be welcome, namely in the in the education 
sector or in the banking area.

The following figure summarizes the results in this 
chapter:
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11. VPD and Minimum Quality 
Standards

This chapter focuses on the developments on VPD 
literature covering minimum quality standards or 
licensing of qualities. Minimum quality standards 
(MQS) are an important regulatory instrument used 
to increase product qualities and market coverage. 
MQS are present in the setup of VPD models where 
their consequences are discussed.

In VPD models, firms relax price competition by 
offering differentiated products and thus increase 
their profits (Shaked and Sutton, 1982) and 
decrease welfare. Besanko et al. (1987, 1988) study 
the monopoly and MQS under VPD and show that 
the impact on social welfare is ambiguous since a 
MQS may lead to partial market coverage.

As first studied by Ronnen (1991), duopolist 
markets’ regulation may increase welfare (total 
surplus) by imposing an appropriately chosen 
MQS. The author assumes Bertrand competition 
and fixed quality costs, as shows that MQS limits 
the range in which producers can differentiate 
qualities. Thus, firms compete more aggressively 
and the ratio of price and quality, i.e., the hedonic 
price, falls for both products. Considering variable 
production costs, Crampes and Hollander (1995) 
also attain the same result on total welfare and 
intensification of competition under a MQS, but 
they highlight that hedonic prices may not fall. For 
a great variety of variable cost functions, welfare 
increases when a moderate MQS is introduced.

Under fixed production costs and Cournot 
competition, Valletti (2000) contradicts previous 
works on duopoly and demonstrates that a MQS 
has a negative effect on welfare, since it reduces 
profits for both firms and raises hedonic prices. 

Also under fixed production costs, but with 
Bertrand competition, Scarpa (1998) extends the 
analysis to three firms and shows that a MQS 
reduces all firms’ profits and the average market 
quality. Therefore, despite increasing the consumer 
surplus, a MQS also decreases welfare. Additionally, 
under fixed production costs, Jinji and Toshimitsu 
(2004) consider asymmetric firms and revisit the 
introduction of a MQS in a VPD market when firms’ 
quality ordering is endogenously determined. 
The authors show the robustness of previous 
works since they conclude that there is a welfare-
improving MQS under Bertrand competition, as 
Ronnen (1991), but the opposite occurs under 
Cournot competition, as Valletti (2000). Under 
variable production costs and uncovered markets, 
Kuhn (2007) relates the impact of a MQS on welfare 
and the high or low-quality dominance. He shows 
that a MQS reduces welfare under conditions that 
lead to low-quality dominance, whereas welfare 
increases when there is high-quality dominance. 
Lambertini and Scarpa (1999) show that when MQS 
is high, there are two equilibria, where one of them 
is predatory, since the high quality firm reduces its 
quality so that the rival leaves the market.1

Under variable production costs, Lambertini and 
Mosca (2002) compare a VPD market under a 
multiproduct monopolist or duopolists, where 
a public authority aims to maximize welfare 
over quality subsidization and minimum quality 
standard. The authors find that these instruments 
are equivalent in terms of welfare in monopoly, 
while the subsidization scheme induces firms 
to higher welfare level in duopoly. In many 
industries, products quality observability is not 
perfect and the impact of a MQS may be different. 

1 See also impact of a MQS on collusion stability (by Häckner, 1994, Ecchia and Lambertini, 1997, and Napel and
Oldehaver, 2011), entry and entry deterrence (by Constantatos and Perrakis, 1998, Baliamoune-Lutz and Lutz, 2010, and 
Lee and Phuyal, 2013), international trade (by Petropoulou,  2013) and innovation strategy and innovation barriers (by 
Garella, 2006, and Maxwell, 1998).
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Considering a setup where the regulator does not 
observe firms’ qualities perfectly, Chen and Serfes 
(2012) first discuss this framework and, under 
Bertrand competition and fixed production costs, 
conclude that a MQS may increase firms’ quality 
disparity and raise hedonic prices, thus decreasing 
consumer surplus and market coverage. Also 
under fixed production costs and Bertrand 
competition, Buehler and Schuett (2014) assume 
that a subset of consumers do not observe firms‘ 
qualities and show that a MQS restricts the firms‘ 
quality decisions and leads to lower product 
differentiation degree. The authors compare MQS 
with certification and conclude that when the share 
of uninformed consumers is low, a MQS tends to 
be preferred to certification.

Conclusion and future research

This chapter reviewed MQS in VPD markets. An 
important result should be highlighted. The impact 
of a MQS on welfare is ambiguous and it depends 
on the type of competition and information in the 
markets.

It would be interesting to delve into the MQS 
research in VPD markets through discussing 
more general production costs functions, a 
larger number of firms (as suggested by Scarpa, 
1998) and different consumers’ taste for quality 
distribution functions. Moreover, discussing 
different regulatory instruments (for instance, 
products certification - Buehler and Schuett (2014)) 
could also be an avenue for future research. 

The next figure summarizes these results:
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12. VPD and International Trade
In this chapter, we explore VPD literature and 
International Trade. In recent studies on International 
trade, two strands in markets’ setup emerge: 
one uses models of monopolistic competition 
and the other uses oligopolistic models. Under 
monopolistic competition, studies emphasize that 
trade is welfare improving for all countries, given 
the greater variety of differentiated goods available 
or through both greater variety and a reduction in 
prices that results from market competition. The 
oligopolistic strand of international trade discuss 
that the gains from trade are no longer ensured and 
depends, for instance, on the number of firms in 
autarchy and the distribution of consumers across 
countries.1

In the VPD literature, welfare effects of trade 
are also ambiguous. One of the pioneering 
contribution is Shaked and Sutton (1984). Under 
fixed product qualities, trade may entail in the exit 
of low-quality producers and consumers may be 
better off affording high-quality goods that can be 
obtained at a lower price. Under variable product 
qualities, the authors show that product qualities 
are higher than those in autarchy and welfare 
effects are ambiguous. Motta et al. (1997) explore 
the determinants of relative competitiveness after 
firms’ internationalization. Under partial coverage 
and asymmetric countries, the authors find there 
are two possible equilibria which depend on the 
quality gap, domestic market sized and consumers 
preferences: i) a subgame perfect equilibria 
where the quality leader maintain the leadership; 
ii) a subgame perfect equilibria where there is 
leapfrogging. Niem and Kim (2020) consider a VPD 
two countries model under fixed production costs 
and show that trade between similar countries 
leads to quality improvement and higher welfare.
International trade regulation may encompass 

1 For Horizontal Product Differentiation set up see Eaton and Kierzkowski (1984).

2 See also Lutz and Baliamoune-Lutz (2003) for a repeated N- period game.

quantity restrictions. Ries (1993) considers this 
scenario and concludes that an quantity constraint 
will not induce constrained firms to increase 
quality when their unconstrained competitors 
produce higher quality products, but it can raise 
the profits of the constrained firms. Assuming that 
the foreign firm always produces the high-quality 
and the domestic firm produces the low-quality, 
Chaudhuri (2010) demonstrates that under Cournot 
competition in the second stage, sequential quality 
choices in the first stage lead to higher quality 
differential than simultaneous choices. Stackelberg 
competition in the first stage brings higher profits 
for both firms. Moreover, the author shows that 
when the foreign firm faces a quantity restriction, 
the firms downgrade their qualities.

Boom (1995) introduces a two-country VPD model 
and formulation of national minimum quality 
standards. The author finds that a relatively high 
standard imposed in one country can lead to 
market exit and a reduction of product variety in one 
country reducing consumers’ welfare. Lutz (2000) 
analyzes minimum quality standards in uncovered 
VPD markets VPD and trade in which duopolistic 
firms face fixed production costs, comparing 
Full Harmonization with Mutual Recognition 
arrangements. Minimum quality standards, set 
under Mutual Recognition principle, is the optimal 
policy choice for both countries and it increases 
welfare.2 Petropoulou (2013) extends the analysis 
under variable production cost. In equilibria, 
trade flows are lower under minimum quality 
standards and the author identifies the limitations 
in the effectiveness of international negotiations 
over minimum quality standards. Baltzer (2011) 
extends the analysis to an asymmetric information 
scenario, where minimum quality standards help 
to alleviate the market failure. In equilibria, firms 



INTERNATIONAL TRADE

Welfare 
Shaked and Sutton (1984)
Motta et al. (1997) 
Niem and Kim (2020) 

Regulation
Ries (1993)
Boom (1995) 
Brécard (2000) 
Lutz (2000)
Chaudhuri (2010) 
Baltzer (2011) 
Petropoulou (2013)
Garela et al. (2014) 
Calmette et al. (2016)  

42

prefer different regulation levels and international 
trade disputes are likely to arise.

The introduction of taxes in VPD international 
markets has also been studied in the literature.  
Garela et al. (2014) compares unit with ad valorem 
taxes and find that the unit tax may dominate the 
ad valorem tax, since it increases welfare, although 
not decreasing government revenues, contrasting 
with the mainstream results on the dominance 
of ad valorem over unit taxes. On the contrary, 
Brécard (2000) shows that the ad valorem tax is 
welfare decreasing, whereas the unit tax is welfare 
increasing under fixed production costs. Moreover, 
in the subgame perfect Nash equilibrium, the 
product differentiation degree decreases with an 
ad valorem tax whereas it widens with a high unit, 
which a low-quality producer can lead, driving 
high-quality producers out of the market. Calmette 
et al. (2016) consider a model of international trade 
in VPD markets and sequential quality choices. 
The authors discuss the feasibility of predation by 

the low-quality firm and find that it is more likely 
when countries’ dimension difference is high 
and difference in the consumers’ preferences for 
quality between countries is not too large.

Conclusion and future research

This chapter reviewed International Trade studies 
with a setup of VPD models. An important insight 
of this literature is that impact of VPD markets 
and trade on welfare is ambiguous. Various works 
focus on trade regulation and show the impact of 
regulatory instruments on firms’ decisions.

More research in international trade is essential 
to understand deeply VPD markets specificities.  
Future avenues of research may consider exploring 
different consumers’ taste for quality distribution 
functions in the two countries and a larger number 
of firms. 

The next figure summarizes these results:
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13. VPD and Environment
In this chapter, we review articles that analyze the 
factors influencing the decisions of environmentally 
aware consumers and discuss different types of 
regulatory instruments applied in markets under 
VPD for which environment-friendliness in the 
production process is the quality attribute.

Increasing demand for green products from 
environmentally conscious consumers, side by side 
with regulatory changes implemented to mitigate 
climate change, are pressuring firms to reconsider 
their products and processes. Environmentally 
friendly versions of products compete with 
standard, sometimes environmentally harmful, 
variants and significant opportunities are arising 
from the green product industry. Accordingly, firms 
are responding by enhancing the environmental 
attributes of their products and engaging with 
environmental-related quality competition to 
differentiate themselves (Karakosta, 2018; Ling et 
al., 2022; Marini et al., 2022; Murali et al., 2019).

Environmental Consumption Decisions

Models of vertical differentiation have been used 
to study the provision of environmental quality 
given that in these models the variants of a product 
differ in their quality and consumers differ in their 
willingness to pay for this quality. Environmentally 
conscious consumers perceive environment-
friendliness as a quality attribute that contributes 
to their utility just as any other quality attribute, even 
though the benefit arising from green consumption 
is a non-pecuniary feeling of being a good citizen 
(Cremer and Thisse, 1999; Karakosta, 2018; Marini 
et al., 2022). Hence, there is VPD with respect 
to environmentally friendly characteristics, and 
environmental concerns influence prices, product 
characteristics, and market shares of competing 
firms (Conrad, 2005).

Environmental awareness is perceived as a way 
to preserve future generations and to care for 

the community. Consequently, environmentally 
friendly products are now considered conspicuous 
goods, i.e., green consumption stands for good 
citizenship and fulfills the consumer’s need to be 
portrayed as a socially worthy citizen (Ceccantoni 
et al., 2018). In fact, the higher the ranking of a good 
on the quality ladder, the higher the social value 
the consumer can obtain from acquiring the good, 
and the higher she or he will rank on the social 
ladder. Indeed, green consumption decisions can 
be driven by personal interests, such as health and 
safety issues, but also by psychological, moral, 
and social concerns (Conrad, 2005; He and Deng, 
2020; Mantovani et al., 2016). However, these 
green adoption decisions can be discouraged by 
low income and tough competition (Mantovani et 
al., 2017). In addition, consumers satisfaction can 
also derive from one own green consumerism in 
relation to the consumption of other individuals 
(Ceccantoni et al., 2018; Conrad, 2005) and it 
can depend on country-specific characteristics 
(Ceccantoni et al., 2017; Elhadj and Tarola, 2015). 
Finally, consumers can also attach a positive 
attribute to the green product, while penalizing the 
brown alternative (Mantovani et al., 2017).

Environmental Regulation

Even though from an individual consumer’s 
perspective, the importance is in the environmental 
quality of the product acquired, there is an externality 
involved, and this is where the environmental quality 
competition differs from the conventional quality 
competition. When firms use environmental quality 
to differentiate their products two counteracting 
effects occur on social welfare. First, to provide an 
environmentally friendly product, firms reduce their 
environmental-unfriendly behavior, for instance, by 
increasing their abatement effort. As a result, the 
negative externality associated with production 
activity (for instance, pollution) is reduced. The 
second effect, transversal to all types of vertical 
differentiation, is that differentiation diminishes 
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competition, increasing firms’ market power (Elhadj 
and Tarola, 2015; Lombardini-Riipinen, 2005).

Policy intervention might be needed to reduce 
the market power arising from excessive 
differentiation and potential under-provision of 
alternatives. Increasing the presence of green 
alternatives tackles the environmental negative 
externalities associated with the production and 
consumption of certain non-green goods and 
encourages innovation (Bottega and de Freitas, 
2009; Lombardini-Riipinen, 2005).

Indeed, technological change can be induced 
by technology-push factors, intended to support 
invention activities and promote the deployment 
of preferable options and technologies (for 
instance, MQS), and/or demand-pull factors which 
influence demand patterns and affect the prices of 
specific alternatives or technologies (for instance, 
emissions taxation or environmental labeling).

Most literature relating vertical differentiation 
with environmental regulation considers a policy 
mix between demand-pull and technology-
push regulations. Early studies were focused on 
assessing the effects of taxation (demand-pull) and 
the imposition of standards (technology-push). For 
instance, Michael Kuhn (1997) employs a vertical 
differentiation model in which two governments 
decide on the imposition of domestic production 
standards and firms decide whether to use clean or 
polluting technologies (thus, quality relates to the 
production technology), later deciding on location 
and price. In turn, Cremer and Thisse (1999) assess 
how environmental and taxation policies influence 
the allocation of environmental quality and welfare, 
showing that a well-designed commodity tax can 
result in an allocation close to a Pareto-efficient 
solution. 

Many more studies focus on how taxation, 
subsidization, and/or a MQS (thus, a mix between 
demand-push and technology-pull instruments) 
affect social welfare in green markets when firms 
emit pollutants in their production process and 
consumers choose product quality (i.e., consumers 

are heterogeneous in their environmental 
awareness). While overall the conclusion is that 
regulation improves the health of the environment, 
there may exist some adverse effects on both 
environmental and social welfare (see, for 
instance, Bansal, 2008; Bansal and Gangopadhyay, 
2003; ben Youssef and Abderrazak, 2009; Giraud-
Héraud and Soler, 2006; Lambertini and Mosca, 
1999; Lombardini-Riipinen, 2005; Marini et al., 
2022; Moraga-González and Padrón-Fumero, 2002; 
Rothfels, 2002; St-Pierre and Elrod, 2022).

Yet, there is far less literature focused on R&D 
subsidies. The exceptions are McGinty and de 
Vries (2009) which explore how subsidies influence 
technology diffusion and Ling et al. (2022) 
which assess the impact of government subsidy 
strategies in encouraging firms to opt for green 
production strategies and improve environmental 
quality. Both conclude that even though a subsidy 
can reduce environmental damage, a higher 
subsidy rate does not always translate into more 
benefits for the environment and social welfare, 
the effect is positive only when the substitution 
effect exceeds the output effect.

Another rich branch of literature connecting 
VPD with environmental regulation is focused 
on eco-labeling programs and environmental 
certification schemes. As the number of 
environmentally conscious consumers increases, 
firms respond by improving their environmental 
performance and start using labels (either 
voluntary or mandatory) to inform consumers 
about these efforts. Eco-labeling includes 
several types of labels related to environment 
preservation, like third-party certification schemes 
or self-declaratory statements. Contrary to 
conventional quality attributes, that can be observed 
or experienced, it is difficult for consumers to 
identify the environmental quality of a product. 
Thus, eco-labeling arises as a strategic method 
of vertical differentiation, especially in credence 
goods (Amacher et al., 2004; Baksi and Bose, 2007; 
Ibanez and Grolleau, 2008; Kurtyka and Mahenc, 
2011; Murali et al., 2019; Roe and Sheldon, 2007). 
The literature on eco-labels covers a broad set of 



45Chapter 13

goods, from genetically modified products (Lapan 
and Moschini, 2007), to fish and seafood (Brécard, 
2013; Brécard et al., 2012; Bush and Oosterveer, 
2015), to goods from chain brands (Giraud-Héraud 
and Soler, 2006). In addition, a significant portion 
of the literature is concerned with the differences 
between voluntary eco-labels and mandatory 
environmental regulation, considering both public 
and private certifiers (for instance, Baksi and Bose, 
2007; Bottega and de Freitas, 2009; Murali et al., 
2019) and the pollution level resulting from the 
presence or absence of such labels (Ibanez and 
Grolleau, 2008).

In addition, there is some literature analyzing 
regulations for specific sectors of the economy. 
For instance, Canton et al. (2008) examine the 
sector supplying polluting firms with abatement 
goods and services, specifying what an optimal 
pollution tax should be. The authors show that, 
for this industry, restrictions in production due 
to imperfect competition have a direct negative 
impact on the environment. Another example 
is the work of Brida and Pereyra (2008), which 
presents a model of vertical differentiation in the 
accommodation industry where the differentiation 
attribute is the environmental quality of the 
destination. The authors analyze the value of the 
tourists’ willingness to pay for environmental 
quality, assuming the existence of a lump sum tax.

More recently, given the importance of the transition 
to low energy consumption, low emissions, 
and low pollution, potentially attainable through 
energy efficiency, some literature  focused on 
analyzing markets that are vertically differentiated 
in terms of the energy efficiency of products. 
Once again, a mix of demand-pull and technology-
push environmental regulations are included, 
from energy taxes and R&D subsidies (Brzeskot 
and Haupt, 2013) to mandatory efficiency levels 
(standards) (Michaelis and Ziesemer, 2015).

Finally, literature concerning other, less represented, 
regulatory instruments or perspectives, includes 
Toshimitsu (2008), which analyzes the impact 
of an ad valorem tariff on the emission level of 

quality-differentiated products and welfare; García-
Gallego and Georgantzís (2011), which focuses 
on the impact that environmental awareness 
campaigns have on welfare; Fleckinger and 
Glachant (2010), which assess the efficiency 
of extended producer responsibility for waste 
management; Matsukawa (2012), which explores 
the welfare impacts when the emission of 
pollutants is done by the consumers through the 
usage of the products offered by the vertically 
differentiated market; and Xu et al. (2016) that 
examine a differentiated mixed model when an 
emission tax and privatization policies are used 
together.

Conclusion and Future Research

Concerns about environmental degradation due 
to climate change and declining reserves of fossil 
fuels are increasing the environmental awareness 
of consumers which in turn incentivizes firms to 
engage in VPD with respect to environmentally 
friendly characteristics. Competition regarding 
environmental quality differs from conventional 
quality competition because there is an externality 
involved. When firms use environmental quality 
to differentiate their products, environmental-
unfriendly behavior decreases and the negative 
externality associated with production activity 
(e.g., pollution) is reduced.

Policy intervention might be necessary to 
reduce the market power arising from excessive 
differentiation and to deal with the potential under-
provision of green alternatives. Innovation can be 
induced by technology-push factors, demand-pull 
factors, or a mix of these policies. Most literature 
on VDP and environmental regulation analyses 
demand-pull instruments or a policy mix, with 
emissions taxation and eco-labeling programs the 
most prevalent instruments by far.

Regarding paths for future research, literature 
focused on technology-push (non-market) 
instruments is still lacking, especially since there 
is broad consensus that technology innovation is 
key to addressing climate change. There are also 
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opportunities to study the effects of carbon pricing, 
a specific type of emissions tax, on VPD, as well as 
to assess specific sectors of the economy, such as 
the transport sector, something that, to the best of 
our knowledge, was not explored yet. Finally, with 
the exception of Ceccantoni et al. (2018), Karakosta 
(2018), and Toshimitsu (2008), most models do 
not consider trade, international spillovers, and, 
consequently, regulations related to trade. 

The following figures summarize the results in this 
chapter:
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14. VPD and Corporate Social 
Responsibility

In a world where environment poses increasingly 
more restrictions to economic behavior and profit 
maximization, Corporate Social Responsibility 
(CSR) has emerged as an important strategic 
variable in imperfectly competitive markets, 
not just in its environmental dimension, but 
also towards employees and the community. 
CSR, or “moral management”, as Baron (2009) 
designates it, is resource consuming but may 
enhance a firm’s revenues if consumers have 
“warm glow” preferences for supporting social 
causes. Consumers do differ in their preferences 
for “green” products and thus investing in “clean” 
technologies may be a way of differentiating from 
competition, especially if this is certified through 
eco-labeling. Environmental quality achieved 
through CSR practices is considered a vertical 
differentiation variable and can also be viewed as a 
sort of self-regulation of the negative externalities 
caused (Calveras et al., 2007).

This chapter reviews the literature on CSR choices 
when competing firms sell vertically differentiated 
products. As Fanti and Buccella (2017, pg 373) 
put it, “CSR may be a strategy like any other form 
of product differentiation if there are customers-
identifiable by firms-willing to pay for ethical goods 
which may be profitable”.

Willingness to pay for ethical goods

Contrarily to what could be expected, increasing 
environmental consciousness by consumers 
(in the sense of an increased proportion of 
green consumers in the population) may lead 
to more polluting emissions, depending on the 
degree of product differentiation and on the 
relative production costs of the good with the 
environmental attribute. Rodríguez-Ibeas (2007) 
obtains this surprising result, for which the intuition 

is based on the impact of consumers’ preferences 
heterogeneity on the importance of product 
differentiation. Given that product differentiation 
is mostly important when consumers’ preferences 
are similar, that is, when the proportion of green 
consumers is either very low or very high, price 
competition may not be very intense in these cases. 
It is when the proportion of green consumers is 
intermediate, and hence there is more consumer 
heterogeneity, that product differentiation is less 
important, so the cost advantage of the brown firm 
may provide an advantage in terms of price that 
leads to an increase in its output and thus to more 
polluting emissions.

A firm that mixes CSR with profit objectives 
resembles a partially privatized company. The 
company’s CSR performance influences the 
optimal degree of privatization and the quality gap 
towards the private rival (Wang and Wang, 2022). 
In addition, when firms combine profits and social 
objectives, it may happen that quantity decreases 
and yet consumer surplus increases, because 
the maximum willingness to pay rises with the 
level of CSR. If the consumers’ degree of social 
consciousness (which shifts demand outwards) is 
sufficiently high, this may occur (e.g., Breton et al., 
2021, in a Cournot model with a first decision on CSR 
investment). Note, however, that social welfare may 
decrease when consumers’ preferences towards 
CSR behavior increase, if CSR implies quadratic 
costs and the market structure changes from 
incomplete to complete market coverage (García-
Gallego and Georgantzís, 2009). The reason is that, 
although the less socially responsible firms now 
invest more in CSR and the number of consumers 
served rises, the more socially responsible firms 
invest less, and the second effect dominates. 
Hence, promoting consumers’ valuation of CSR is 
not necessarily desirable.
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Consumers’ perceptions

It is not enough to invest in CSR, consumers must 
perceive it. However, CSR is mainly a credence good 
and thus these perceptions may not always be correct. 
In a model where consumers’ assessment of firms’ 
CSR behavior may be wrong and where consumers 
with high aversion for socially irresponsible products 
do not buy (consumers are assumed to be uniformly 
distributed according to their strength of aversion 
for the socially-irresponsible quality of the good), 
Grolleau et al. (2016) show that the crowding out 
of direct contributions may exist, that is, purchasing 
products from firms with socially responsible 
behavior may serve for consumers as a substitute 
for their own donations, in which case cause-related 
marketing has negative externalities.

In an application related with the change to organic 
cotton in sportswear, Casadeus-Masanell et al. 
(2009) confirm that, based on perception, customers 
may be willing to pay a premium, although the 
benefits of the differentiated product have not been 
demonstrated.

Combining CSR with other attributes

CSR may be the sole vertically differentiating 
variable admitted, or it may be used together with 
another quality distinctive characteristic. Banerjee 
and Wathieu (2017) address the interplay between 
quality and CSR as competing instruments, 
showing that one can be a substitute for the other, 
instead of a complement (Baron, 2009, had already 
highlighted this substitutability characteristic, 
between moral motivation and quality). Consumers 
have heterogeneous preferences for quality and 
CSR. Quality and price are the main strategic 
variables and CSR provides a secondary (positive) 
impact on demand. If the quality difference 
between the duopolists is sufficiently large, the 
high-quality one may offer its product with a lower 
level of CSR, while the low-quality producer invests 
more in CSR; thus, quality and CSR are substitutes 
in firms’ strategic decisions, allowing managers 

to “save” resources when trying to enhance their 
business. However, if quality differentiation is small 
the effect of strategic complementarity between 
the CSR levels of the two producers may dominate 
and imply that the low-quality firm reduces CSR, as 
a best response to the high level of the rival’s CSR.

When it comes to consider the possibility 
of domestic and foreign firms competing 
for international trade with vertical product 
differentiation, CSR may lead to lower equilibrium 
tariffs (Li et al., 2019). If the foreign product is of 
higher quality than the domestic one, the authors 
show that the foreign firm performs some positive 
level of CSR in equilibrium, and the domestic 
welfare maximizing tariff is lower than it would be 
without this CSR investment.

The decision to invest in a green technology 
(eco-labeling) is approached in a three-stage game 
by Amacher et al. (2004). After choosing the level 
of technology investment, duopolists decide their 
environmental quality levels and, finally, compete 
on prices in the product market. Firms may have 
different degrees of investment efficiency; if the 
low-quality provider is the more efficient one, quality 
competition is tougher and quality underprovision 
may occur in the presence of environmental 
externalities.

As is clear, CSR can be used as a strategic 
instrument in oligopolist markets. However, CSR 
is not only observed in such market structures. 
Graf and Wirl (2014) propose the threat of entry 
as a justification for incumbent monopolists to 
engage in CSR too. Firms can become “green” 
or start supporting the local communities just to 
avoid losing their dominant position when the 
market is contestable. The authors claim that 
this observation applies for instance to big oil 
companies, whereas the opposite view of Hockerts 
and Wüstenhagen (2010), of small emerging and 
green “Davids” forcing the incumbent “Goliath” to 
become green, is more suited in other markets (for 
example, organic food).
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Conclusion and future research

This chapter reviewed studies on VPD and CSR. CSR 
is an instrument of vertical product differentiation, 
that can be used alone or in conjunction with other 
differentiating instruments. Consumers’ valuation 
of ethical goods and consumers’ perceptions 
about CSR play a pivotal role in the results obtained 
in the extant literature. Although most studies 
address the environmental dimension of CSR, 
the employees, community and even governance 

dimensions also deserve some attention. While 
we expect most results to be transferable to 
these other dimensions, at least the employees’ 
one may bring some novelties, as it may directly 
change workers’ productivity and perhaps alter 
firms’ marginal costs towards quantity and quality. 
Furthermore, it does not possess such a clear 
public good nature as other dimensions. This is an 
avenue for future research.

The following figure summarizes the results in this 
chapter:
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15. VPD and Experimental 
Economics
In this chapter, we present the main contributions 
that the Experimental Economics methodology 
has made to the Product Differentiation literature. 
Theoretical models typically make strong 
assumptions concerning economic agents’ 
decision-making processes. As defined in most 
models, agents are completely able of processing 
all the relevant information and maximize their 
utility accordingly. Moreover, they are assumed to 
have a specific type of preferences, usually selfish, 
guiding such choices. However, the experimental 
methodology has extensively proved that there 
are many forces driving individual behavior away 
from the predictions derived from these types 
of models. These forces broad from bounded 
rationality, biases, heuristics, to different types and 
degrees of social preferences.

The Experimental Economics methodology 
consists on having real individuals making 
economically incentivized decisions in a controlled 
environment. In contrast with empirical analyses, 
where many variables interact, this methodology 
allows to isolate the relevant variables in the 
economic setting to be studied. Moreover, the 
monetary incentive bridges the gap between 
observed and real-life behavior, by enhancing 
truthfulness. Decisions are made in an anonymous 
manner as choices are not linked to the subjects’ 
identity, only to a unique identifier and to 
socioeconomic data that could be relevant in the 
posterior analysis (age, gender, education…).

In the last 30 years, there have been significant 
experimental contributions to the Product 
Differentiation literature. In what follows, we 
present such findings grouped into two categories: 
experiments on Horizontal Product Differentiation 
and experiments on VPD. 

Experiments on Horizontal Product Differentiation

Despite the objective of this eBook is to survey 
results on VPD, in this chapter we also present 

how Experimental Economics has nurtured the 
scientific research on HPD. 

The earliest experimental works on HPD focused 
on the impact of communication among 
sellers in fixed-price location choice duopolies. 
As these studies focused on seller behavior, 
experimentalists initially made consumers virtual 
or simulated. Subjects, given the role of sellers, had 
to decide where to locate on a line segment given 
there are a series of equidistributed consumers 
with transportation costs. This setting resembles 
Hotelling (1929)’s location model. 

The first work in this line, by Brown-Kruse et 
al. (1993), explored whether allowing sellers to 
communicate among them could have an impact 
on location. Given the high transportation costs 
considered, the theoretical prediction was of 
minimal differentiation (center location). This 
prediction was independent on the possibility of 
communicating, given that communication was 
non-binding, also known as cheap talk (Farrel, 
1987). However, while the theoretical prediction 
happened in the treatment without communication, 
as soon as non-binding communication was 
introduced, product differentiation occurred. In 
particular, maximum joint profit maximization was 
achieved, suggesting that communication can 
have a positive impact on cooperation.

The work by Brown-Kruse and Schenk (2000) 
extends this work by revisiting the effect of 
communication in this kind of game and 
comparing it with the potential impact that 
simplifying the game could have. They do so under 
different consumers’ preferences distributions. 
They propose a treatment where the consumers 
are uniformly distributed, a second one where they 
are concentrated in the center of the market and a 
third one where they are dispersed from the center. 
While the communication device follows that from 
Brown-Kruse et al. (1993), the simplifying device is 
novel and consists of only allowing two possible 
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locations in the market. Authors contribute to 
the literature by showing how the simplifying 
tool facilitates cooperation, but not as much as 
non-binding communication. 

Another dimension explored in the HPD 
experimental literature, is the impact of the market 
size in fixed-price location oligopolies. In this 
line, Collins and Sherstyuk (2000) and Huck et 
al. (2002) experimentally analyze a 3-firm and a 
4-firm Hotelling model, respectively. Collins and 
Sherstyuk (2000) report that in a 3-firm Hotelling 
setting, location choices were symmetric around 
the two central quartiles of the market. However, 
this behavior was not stable, possibly due to 
almost-optimal strategies and/or risk aversion. 
When 4 firms interact, however, Huck et al. (2002) 
find that three clusters appear, which authors 
denominate: the East end, the West end and King’s 
Cross (midpoint). In this case, inability to converge 
to the Nash equilibrium is justified by potential 
myopic and situation-dependent best-responding. 
These works, along with the non-communication 
treatment in Brown-Kruse et al. (1993), are used in 
the experimental literature as benchmarks of 2, 3 
and 4-firm Hotelling experimental evidence.

Up to this point, experimental HPD research had 
focused on seller location choices such that 
experimental designs had fixed prices and simulated 
consumers. The most recent experimental works on 
HPD have gone one step further and explored price 
competition and real consumers in the lab. These 
games are spatial-price competition games.

In this context, Camacho-Cuena et al. (2005) explore 
buyer-seller interaction in an endogenous-location 
and endogenous-price game with different product 
rigidities. To do so, they propose a treatment where 
seller and buyer locations are kept constant for 
5 periods and another one where they are kept 
constant for only 2 periods. In both cases, prices 
and purchase decisions happen in every period. 
This approach allows for a better understanding 
of the behavior in markets where consumers are 
not necessarily uniformly distributed, as in Brown-
Kruse and Schenk (2000); but in this case, by letting 
them choose their location by themselves rather 
than by exogenously setting them. The authors 
find that the higher the market flexibility, the 

higher the product differentiation, and the higher 
the prices too. Moreover, regarding the behavior 
of real consumers in the lab, the authors show 
buyer loyalty and a higher concern to minimize 
transportation costs than to strategically locate 
in order to promote price competition between 
sellers. These phenomena could not be identified in 
previous experiments with simulated consumers.

However, Barreda-Tarrazona et al. (2011) consider 
that as in Camacho-Cuena (2005) consumers’ 
location was endogenous, the standard location-
then-price model of product differentiation was 
not actually being tested. Hence, they controlled 
for consumers’ location by returning to simulated 
consumers uniformly distributed as in Brown-Kruse 
et al. (1993), Collins and Sherstyuk (2000) and Huck 
et al. (2002), in order to explore the relation between 
product-differentiation and price competition. Their 
main result shows that there is minimum product 
differentiation (lower than predicted) and confirm 
the prediction of a positive relation between 
product differentiation and price levels. This result 
is robust to the different variations tested by the 
experimentalists where they compared an odd vs. 
an even number of locations, real vs. simulated 
consumers and individual vs. panels of sellers.

Finally, it is also important to mention the previous 
work by Orzen and Sefton (2008), which focuses 
on price competition and fixes seller location. In 
this case, consumers were virtual (as up to 2005) 
and the authors considered different market sizes, 
i.e., 2 vs. 4 firms. Their results are consistent with 
mixed-strategy equilibria where sellers compete 
to attract consumers but price competition does 
not lead to a single market price. When comparing 
across different market sizes, larger markets 
end up having higher prices and higher traveling 
costs given that more consumers have to travel 
to purchase a product. In a similar vein, Selten and 
Apesteguia (2005) also focus on price competition, 
but on a circle rather than on a straight line.

More recent works in progress are being developed 
in the direction of examining multidimensional 
spatial-product differentiation. Specifically, Mangani 
and Patelli (2002), Kusztelak (2011) and Kephart and 
Rose (2015) present two-dimension spaces. While 
Mangani and Patelli (2002) explore simultaneous vs. 
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sequential choices, Kusztelak (2011) compares one 
and two-dimension spaces, and Kephart and Rose 
(2015) investigate the impact of continuous time in 
this type of games. All these works find suboptimal 
product differentiation in two dimensions. Similarly 
to Kephart and Rose (2015), Kephart and Friedman 
(2015) also explores continuous time, but in one 
dimension, and directly compares its results to 
those in discrete time with 4 firms by Huck et al. 
(2002). They find that behavior fails to converge 
to that achieved in Huck et al. (2002) but there 
is convergence to a neighborhood of the Nash 
equilibria. Finally, Bonein and Turolla (2017) study 
aggregate demand uncertainty in a location-then-
price spatial competition game with simulated 
consumers, which acts as a differentiation force.

Experiments on Vertical Product Differentiation 

Experimental literature on VPD is scarce and 
scattered. One of the first topics to be experimentally 
analyzed was the private information disclosure 
and the emergence of “lemons” in the market, 
i.e., low-quality products trying to disguise as 
high-quality products, taking advantage of 
information asymmetries. In this line, seminal 
papers are those by Holt and Sherman (1990); Lynch 
et al. (1991); Luini and Mangani (2000) and Cason 
and Gangadharan (2002). These research works, in 
spite of implementing VPD, do not particularly focus 
on the quality decisions, but on the impact of private 
information on this phenomenon.

Holt and Sherman (1990) approach information 
disclosure by examining price advertising in 
experimental posted-offer markets. Sellers had 
to choose the grade (quality) and the price for 
their product. Buyers, one by one, said whom they 
wanted to buy from. Treatments, in this case, had 
to do with the amount of information that was 
public: prices and grades, only prices or neither 
prices nor grades. The authors find that market 
efficiency was higher under full information and 
price advertising did not improve efficiency when 
quality is unknown. In half of these cases, “lemons” 
occurred.

The “lemon” phenomenon was also studied by 
Lynch et al. (1991) in an oral double auction for 

prices setting, where firms had previously decided 
on their qualities: regular or super. Again, lemons 
emerge in the market and do not automatically 
disappear when firms have the chance of building 
a reputation for high-quality.

In line with these works, information disclosure and 
adverse selection were also studied by Luini and 
Mangani (2000). In their work, the authors investigate 
whether an uneven distribution of income among 
buyers alleviates the adverse selection problem. 
They show that the main theoretical result, in this 
case, is confirmed: with perfect information, a 
separating equilibrium consisting on a dispersion of 
quality-price pairs arises.

Cason and Gangadharan (2002) also work in 
this line of private information disclosure. In their 
experiment, they study sellers’ incentives to offer 
differentiated products in terms of quality. The 
authors propose a posted-offer market as in Holt 
and Sherman (1990), but this work is more closely 
related to Lynch et al. (1991) in the sense that 
sellers must decide whether their products have 
a (more expensive) super quality or a (cheaper) 
regular quality. They run different treatments with 
the opportunity of reputation building, cheap-
talk and certification, being the latter their most 
significant contribution. Authors find that the only 
way in which product quality can be improved in 
the market is when a third party charges a fee to 
certify product quality claims.

Burgmeier (2012) experimentally examines entry 
deterrence when the incumbent firm in a market 
offers two differentiated products. Firms had 
to decide the quality of their premium product 
and the quality of their fighter-brand product, in 
order to deter the entry of a potential competitor 
in the market. Hence, in this case, despite the 
game has the characteristics of a VPD model, 
the game was a fighter-brand game. The work 
focuses on how fairness concerns drive behavior 
in this setting. While incumbents usually display 
this kind of feelings in their choices, which result 
in non-cutthroat competition, such fairness 
concerns disappear when entrants move first. In 
this case, incumbents try to drive entrants’ profits 
downwards.
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Although VPD usually considers differentiation 
in terms of quality, there are also applications 
of VPD models in the experimental literature. 
In particular, there are some works on firms’ 
ethical differentiation (Rode et al., 2008; Vasileiou 
and Georgantzís, 2015). These have the same 
insights as quality differentiation in the sense that 
all consumers prefer a higher corporate social 
responsibility than a lower one, but they give 
different values to it. These works, mainly focused 
on consumers’ choices, suggest that consumers 
place value on ethically produced goods or firms 
with socially responsible strategies.

On the one side, Rode et al. (2008) apply the 
experimental methodology to assess how much 
consumers are willing to pay for ethically produced 
goods. They explore the impact of making the extra 
cost known or unknown and find that consumers 
did not pay premia for pure cost differentiation but 
were rather motivated by ethical considerations 
when making their purchases.

Vasileiou and Georgantzís (2015), on the other side, 
propose a setting where firms invest in an energy-
saving public good and set a price, and consumers 
decide whom to buy from. They show that 
consumers react to energy-saving investments as if 
these were quality improvements in a firm’s product. 
In fact, they prefer energy-saving manufacturers due 
to the effect of energy saving on the environment.

Therefore, although VPD games have been 
implemented in the lab, these works have not really 
focused on product differentiation itself. In this 
respect, Mangani (2002) is the first work to test the 
theoretical prediction on Product Differentiation 
literature claiming that firms differentiate their 
products as to relax price competition. In his work, 
the author exogenously sets different quality levels 
and asks subjects, deciding as firms, to choose 
the products’ prices. He finds that as product 
differentiation increased, prices fell. 

But even this last work, the one that is closer to 
represent VPD in an experimental setting, is not 
focusing on both qualities and prices. Amaldoss 
and Shin (2011), is the first work considering both 
quality and price competition. Thus, they constitute 

one of the first experimental tests of VPD, and they 
do so by considering sequential quality decisions 
and simultaneous price decisions, i.e., Stackelberg-
Bertrand VPD. The authors propose a non-uniform 
distribution of consumers. In fact, there is a low-end 
market and a high-end market. They discuss how 
the size of the low-end market influences a firm’s 
profits and their quality and price choices and 
conclude that if the size of the low-end market is 
lower than a threshold, an increase in the size of 
the low-end market dampens price competition 
and improves profits, as firms set higher product 
differentiation.

Alventosa et al. (2021) also contributes to this strand 
of the VPD literature by taking a quality-then-price 
game to the lab. In contrast with Amaldoss and Shin 
(2011), Alventosa et al. (2021) do simultaneous 
quality choices in first place and simultaneous 
price choices in second place. Consumers are 
virtual, with the purpose of focusing on sellers’ 
decisions. In this experiment, subjects (sellers) 
had to first decide their products’ quality and then 
their products’ price. The authors find, across 
different cost structures, a suboptimal product 
differentiation, being there a significant proportion 
of homogeneous-product markets. Prices are also 
chosen sub-optimally, as firms set prices as to 
barely cover their marginal costs. Moreover, they 
show that when moving from a costless quality to 
a costly quality scenario, qualities decrease, prices 
increase and there is a lower market coverage. 
One of the main contributions of this work, to both 
the theoretical and the experimental literature on 
VPD, is to consider that whether the market is fully 
or partially covered is endogenous, i.e., a result of 
the quality-price decisions made. Vasileiou and 
Georgantzís (2015), for instance, forced full market 
coverage. In this line, the authors find convergence 
to the predicted market configuration.  

The lower degree of product differentiation result 
also occurs in the extension by Alventosa et al. 
(2022) where the focus is set on the effect of 
different consumers’ preferences dispersions. 
In this case, deviations of the profit-maximizing 
product differentiation degree are higher as the 
dispersion of consumers’ preferences increases.
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Other experimental works that use vertically 
differentiated products in their designs in order to 
answer diverse questions have analyzed whether 
predictions of salience theory are confirmed with 
this kind of products (Dertwinkel-Kalt et al., 2017); 
whether matchmaker markets with differentiated 
goods tip to a single platform or two (Hossain et al., 
2011); the revenue stream generated by bids that 
give access to a patented input used to produce 
a differentiated high-quality product vs. producing 
a standard product using a non-licensed input 
(Rickard et al., 2016); or whether the possibility of 
competitors to coordinate on product quality has a 
positive or negative impact on socially responsible 
behavior in markets (Gomez-Martinez et al. 2019).

Conclusions and future research

This chapter has reviewed the experimental 
works on Product Differentiation, both horizontal 
and vertical. Although this literature is scarce 
and research questions are diverse, there is 
an important result that should be pinpointed: 
subjects differentiate their products suboptimally. 

The authors identify that these deviations from 
the theoretical predictions were driven by subjects 
deciding without considering all the relevant 
information (for instance, deciding myopically), 
and/or by revealing different utility functions 
than the ones theoretically considered. For 
example, they tend to give a high importance 
to pre-play non-binding agreements, to brand 
loyalty, to transportation costs, to certifications of 
high-quality or they try to avoid making losses by 
just barely covering their marginal costs.

VPD experimental literature still has open questions. 
Given that several works have separately proved 
the suboptimal behavior of both sellers and buyers, 
a present challenge for experimentalists is to 
jointly consider quality-then-price decision-making 
processes with real (non-simulated) sellers and 
buyers. This would allow us to better understand 
the dynamics of real-life markets where both sides 
of the market are imperfect human beings.  

The next figure summarizes the results of this 
chapter.
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16. VPD Two-Stage Games - 
Theoretical Literature X-Ray

Most VPD literature covers oligopoly models, 
which encompasses a two-stage game. In the first 
stage, firms choose their product quality and, in 
the second stage, firms choose, given the qualities 
chosen in the first stage, their prices or quantities. 
In the next page, we review the main differences in 
the models setup of some of these works.



Authors Distribution of 
consumers Quality bounds Fixed Quality 

investment costs
Unit production 

cost
Type of 

competition
Timing quality 

choice Market coverage

Amaldoss and Shin (2011) low end and high 
end markets No 0 quadratic Bertrand Sequential Covered

Aoki and Prusa (1996) uniform in [0, 1] No quadratic 0 Bertrand Sequential and 
Simultaneous Uncovered

Aoki (2003) uniform in [0, 1] No Power n, n>=2 0 Bertand and 
Cournot

Sequential and 
Simultaneous Uncovered

Benassi et al. (2006) Trapezoid Yes 0 0 Bertrand Simultaneous Uncovered

Choi and Shin (1992) uniform in [θ−1, θ], 
θ−1>0 yes 0 0 Bertand Sequential Uncovered

Crampes and Hollander 
(1995)

uniform in [θlow, 
θhigh] No 0 c(s) increasing with 

quality Bertrand Simultaneous Covered

Gabszewicz and Thisse 
(1979) uniform in [0, 1] No 0 0 Bertrand Simultaneous Covered or uncovered

Garella and Lambertini (2014)

uniform in [0, θ], 
with density 1/θ, 

mass=1, u=αx+θy-
p, x and y are 

quality dimensions

Yes

F(x,y) considers 
possibility of 

(dis)economies of 
scope

c=0 for 
quality=lower 
bound, c>0 for 
higher qualities

Betrand Simultaneous Covered

Holt and Sherman (1990) identical induced 
preferences Yes quadratic quadratic Bertrand and 

Cournot Simultaneous Covered

Lambertini (1996) uniform in [θ−1, θ], 
θ−1>0, θ > 7/3 No 0 quadratic Bertrand

Timing of quality 
choice is 

endogenous
Covered or uncovered

Lambertini (1999)
uniform in [0, θ], 
with density 1, 

mass=θ
No quadratic 0 Bertrand

Timing of quality 
choice is 

endogenous
Uncovered

Lambertini and Tampieri 
(2012) uniform in [0, θ] Yes quadratic 0 Cornout Sequential and 

Simultaneous Uncovered

Lambertini and Tedeshi 
(2007) uniform in [0, θ] No quadratic 0 Bertand

Sequential, time is 
continuous, firm 1 
enters in t1, firm 2 

enters after

Uncovered

Lehmann-Grube (1997) uniform in [0, 1] No convex 0 Bertand Sequential and 
Simultaneous Uncovered

Liao (1996) uniform in [θ, θ+1], 
θ>=0 No quadratic 0 Bertand Simultaneous

Covered or uncovered 
market are endogenous 

outcomes 

Moorthy (1988)
uniform in [θlow, 
θhigh], θlow >0, 

density = 1
No 0 quadratic Bertand Sequential and 

Simultaneous Uncovered

Motta (1993) uniform in [θlow, 
θhigh] Yes quadratic quadratic Bertand and 

Cournot Simultaneous Uncovered

Nguyen (2015) uniform in [θlow, 
θhigh], θlow >0 Yes 0 quadratic Bertand and 

Cournot Simultaneous Uncovered

Niem (2019) triangular in [0, 1] No quadratic Bertrand Simultaneous Uncovered

Pires et al. (2022b) uniform in [θ, θ+d], 
d>0 No 0 quadratic Bertrand Simultaneous

Covered or uncovered 
market are endogenous 
outcomes + Monopoly

Schmidt (2006)
uniform in [0, 1], 

U=θk-g(k)-p, where 
g is concave

No 0 quadratic Bertrand Simultaneous Covered

Schubert (2017) triangular in [0, 
qhigh] Yes 0 quadratic Bertrand Simultaneous Covered

Tirole (1988) uniform in [0,+ꚙ] Constant marginal 
cost 0 Bertrand Sequential and 

Simultaneous
Covered or uncovered 

market 

Thoshimitsu and Jinji (2007) uniform in [0, 1] No Convex, power 
function with n>2 0 Bertrand and 

Cournot Simultaneous Uncovered

Wang (2003)

General 
distribution in 

[θlow, θhigh], θlow 
>0

Yes: Lower and 
upper bounds

c(s) increasing with 
quality Bertrand Simultaneous Covered

Wauthy (1996) uniform in [θlow, 
θhigh], θlow >0 Yes 0 0 Bertrand Simultaneous

Covered or uncovered 
market are endogenous 

outcomes 
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