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Abstract: In this paper we consider a differentiated oligopoly with two product varieties that are
supplied by two groups of firms. We assume that firms can change the variety they produce, thus
affecting the intensity of intra-brand competition.

We compute the Cournot solution of the game and analyze its sensitivity to the model parameters.
We also study the impact of intra-brand competition on the equilibrium of the game and of the industry
composition.

Keywords: Differentiated oligopoly, Cournot solution, intra-brand competition, equilibrium

Résumé: Nous considérons un oligopole différencié produisant deux variétés substituables d’un bien,
qui sont mises en marché par deux groupes de firmes. Nous supposons que les firmes peuvent décider
de changer la variété qu’elles produisent, affectant ainsi la concurrence intra-marque.

Nous obtenons la solution d’équilibre de Cournot du jeu entre les firmes et analysons sa sensibilité
aux parametres du modele. Nous analysons également I'impact de la concurrence intra-marque sur
I’équilibre et sur la composition de 'industrie.

Mots clés: Oligopose différencié, équilibre de Cournot, concurrence intra-marque
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1 Introduction

In response to consumers’ increasing concern for the environment and interest in making greener
choices,! firms have started investing in production practices that allow them to receive a label cer-
tifying their compliance with certain set standards (e.g. organic, bio, sustainable, fair trade). Firms
that earn a “green” label diversify their product offering from a conventional one. For example, in
the fishery industry, when a company adopting a specific production technique receives the Marine
Stewardship Council (MSC) label following a certification process, it diversifies its product offering and
competes against companies selling non MSC-certified products. Moreover, certified firms may also
compete against each other. In this paper, we use the term inter-brand competition to designate com-
petition among firms selling different but interchangeable products (substitute goods), and intra-brand
competition to designate competition among firms selling the same (homogenous) product.

Inter-brand and intra-brand competition have been mainly studied in the contexts of vertical agree-
ments or of supply channels. In the legal literature, issues consist of assessing whether vertical agree-
ments (e.g. between manufacturers and retailers) may prevent or restrict competition. In the economics
literature, vertical agreements in oligopolistic markets have been analyzed under a strategic perspec-
tive, for instance to determine the equilibrium contract offered by the upstream firms and the resulting
impact on downstream competition (see for instance Saggi & Vettas 2002). A large body of papers
in the marketing channel literature define intra-brand competition as the competition between retail-
ers of a same product, while inter-brand competition occurs between manufacturers of substitutable
products. This literature is primarily concerned with the coordination of marketing channels, using
pricing and/or marketing mix variables (see Cai et al. 2019 for a survey).

Unlike the above-cited literature, we do not assume coordination, integration or agreements between
firms. Using the emergence of green production practices as a motivating example, our objective in
this paper is to analyze the consequences of introducing intra-brand competition in a context where
inter-brand competition is present.

We extend the duopoly model of Singh & Vives (1984) by assuming that two varieties of a product
are supplied by two groups of homogeneous firms that compete in quantity. This is different than
having N firms producing one variety each, as in Vives (1985), Hackner (2000) or Amir & Jin (2001),
since it accounts for both inter-brand competition and intra-brand competition. Furthermore, in our
model, each firm pays a fixed cost related to the product variety supplied, which is a sine qua non
condition to access different markets. Finally, for a given industry size, we allow firms to revise their
decision about which product variety they will supply. This decision is based on the different groups’
relative economic performance.

We first analyze the differentiated oligopoly model for the Cournot solution corresponding to a given
industry size and composition. We perform a complete sensitivity analysis of the equilibrium solution
to the model parameters, with particular emphasis on the degree of product substitutability. We then
focus on intra-brand competition. Its inclusion raises two questions: the first is about its effects on
the equilibrium solution of the game; and the second is related to the equilibrium configuration of
the industry. Finally, to derive further insights, we perform some numerical simulations in which,
rather than adopting simplifying assumptions on the parameter values, we make conjectures about
their relative values, based on what we would see in an industry providing a certified “green” product
and a conventional “brown” one.

Lhttps://www.nielsen.com/eu/en/insights/article/2018/global-consumers-seek-companies-that-care-about-

environmental-issues/;
https://www.forbes.com/sites/forbesnycouncil /2018 /11/21/do-customers-really-care-about-your-environmental-
impact/#6a24ad41240d,;

https://www.unilever.com/news/press-releases/2017 /report-shows-a-third-of-consumers-prefer-sustainable-
brands.html;

https://www.independent.co.uk/life-style/food-and-drink/environment-meat-bottled-drinks-plastic-waste-consumer-
customer-buy-spend-money-a9099446.html
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The first part of our analysis is related to what is done in Saggi & Vettas (2002) and in Dou & Ye
(2017). Both papers use a special case of the differentiated duopoly model where the two markets for
the substitutable varieties are identical. In Dou & Ye (2017), the cost structure of the firms is absent,
so that the two groups of firms only differ in terms of size, and results are expressed in terms of market
composition only. In Saggi & Vettas (2002), the costs (fixed and variable) and group sizes result from
upstream decisions.

In our model we adopt an asymmetric context that encompasses both the Dou & Ye (2017) and
Saggi & Vettas (2002) models: firms sustain different production costs, and markets exhibit different
features, so that all the model parameters are asymmetric. This allows us to express our results not only
in terms of market composition, but also of market conditions and firms’ characteristics. This broad
asymmetric context is encapsulated in one parameter called “weighted relative efficiency” (WRE),
expressed as the two types of firms showing different WRE levels (e.g. small and large). Symmetric
results can be retrieved from ours as a very special case, when firms in both groups show the same
WRE advantage, which can still be replicated in our model by firms and markets characterized by
different parameter values. This is because, in our differentiated oligopoly, it is the relationship among
the parameters that matters rather than their individual values.

In terms of findings, one of our main contributions regards the impact of product substitutability
on the individual equilibrium quantities. We find that a stronger horizontal product competition can
have a positive effect on a firm’s output only if we have competing groups of firms, that is, only in
the presence of intra-brand competition. This beneficial effect on a firm’s output is related to the
interaction between the degree of product substitutability and the (negative) variation of the other
product-type quantity. For each group of firms we are able to identify the relative WRE values and the
market composition that may result in a positive impact of product substitutability on the individual
equilibrium quantities.

A second main result is on the impact of intra-brand competition (in terms of the number of firms
in a given group) on the equilibrium supply of individual firms in the two groups. An intensification
of intra-brand competition in the smaller group always has a negative effect on the individual quantity
produced in this group, no matter the size of its WRE advantage. However, an intensification of intra-
brand competition in the larger group can have positive consequences on the individual quantities
produced in the two groups in some asymmetric scenarios, due to the interplay between the degree of
product substitutability and the (positive) impact of inter-brand competition.

When we turn to the equilibrium analysis of the industry composition in a short term situation,
we find that all configurations are possible (single-variety market of any type or market with two
varieties), according to the values of the model parameters.

Numerical simulations indicate that a significant presence of firms producing a specific product
variety is achievable only if their WRE is larger than the one of firms producing the rival variety; that
a specific equilibrium combination can be reached under various combinations of horizontal product
competition and WRE distribution; and, finally, that the composition of the industry is more sensitive
to changes in fixed costs when the intra-brand competition is weak.

The paper is organized as follows. Section 2 presents the differentiated oligopoly model with two
varieties produced by N firms. Section 3 and Section 4 analyze the impact of the demand function
parameters and industry composition, respectively, on the equilibrium solution of the game. Section 5
and Section 6 investigate the consequences of intra-brand competition on firms’ equilibrium output and
on the equilibrium market composition, respectively. Section 7 presents some numerical illustrations
and Section 8 concludes the paper.

2 A general oligopoly with intra- and inter-brand competition.

Consider an industry populated by N firms. Producers are divided into two groups of similar types,
and members of the same group use the same technology to produce a homogeneous product (e.g.
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“high” and “low” efficiency technologies). Let k € {H, L} index the product type and n; denote the
number of producers within group k, with ng +ny = N. Accordingly, assuming a linear cost function,
the total production cost of a quantity qx; of product k € {H, L} by producer i € {1, ...,n;} is given by

Cki = [x + mrqy
where my > 0 and f; > 0 are, respectively, the marginal and fixed production costs.

Since goods produced by firms of a given type are homogeneous, consumers are offered two product
varieties. Following Singh and Vives (1984), we assume that the representative consumer has a taste
for variety, and that her quadratic utility function is strictly concave and described by

U (Qu, Q1) = AnQu + ALQy — % (FuQ% +25QuQL + FLQ2),

where Qi and @, are the total production of the firms of type H and L, respectively, and where Fj, > 0,
A >0and S >0 for k € {H,L}. In the same way as in Héckner (2000), the parameters Ay can be
interpreted as the quality (vertical) differentiation between product varieties. The parameter S > 0
is the symmetric degree of substitutability between any pair of varieties. When S = 0, products H
and L are completely independent, and each group of producers of a given type becomes an independent
oligopoly selling a homogeneous product (pure intra-brand competition). The strict concavity of the
representative consumer’s utility function assumption implies that

S? < FyF;. (1)

In addition, we assume that the maximum utility of the consumer is achieved in the positive quadrant,
which corresponds to

(2)

S<min{ A AH}.

Fyg— F,——
HAH7 LAL

The representative consumer’s utility-maximisation problem is then

max {U (Qu,Qr)} st. (PuQnm + PLQr) <1,

where [ is the total budget. Consequently, the inverse demand functions faced by producers of each
type are given by

Py =Apg — FyQu — SQ¢
P, =Ar - FrLQr — SQp.

We denote by Fy, with k € {H, L}, the quantity Ax —my, which is assumed to be strictly positive.
The parameter Fj depends on quality and cost parameters and can be interpreted as an indicator of
efficiency. For example, if £ > E;, then type-k firms are more efficient than type-j firms; this greater
efficiency can result from a better quality and/or from a production cost advantage. Producers compete
in quantities, both within each group, by selling a homogeneous product (intra-brand competition),
and with producers of the other group, by offering a different variety (inter-brand competition).

The optimization problem of a single representative producer ¢ of group k with & € {H, L} is
given by

max {7k = Peqri — Chi} -
qri=>0

This is a convex optimization problem and, since producers in the same group have identical parame-
ters, we can derive, from the first-order conditions, the reaction functions of each type of producer as
Ek S?’L]‘

Fy (le—Fl) Fy, (nk+1)

qr = q;j Wlthk,]G{L,H},k?é]

The equilibrium output of the oligopoly game is then given by

FrE 1) - SE
P H(nL+Q) SErng (3)
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w :FHEL (nH —|—Ql)—SEHTLH (4)

Q:FHFL(HH+1) (’I’LL—|—1)—SQTLH’I’LL>O. (5)

The corresponding equilibrium net marginal price for a producer of type k is given by
Py —my = Frqx

and the equilibrium profit is
Tk = Frgi — fr-

For j,k € {H,L}, j # k, define the ratio

Ey
Ye = FJET
The ratio 7 is a weighted relative efficiency (WRE) parameter, where the weight is given by the
market’s sensitivity to the price of the other variety. Note that, for a given efficiency level and price
sensitivity of the firms in the rival group, a better product quality and/or a lower production cost of
firm k increases its WRE, while a higher price sensitivity in market k increases the WRE of the firms
in the rival group.

We assume that
S <min{yr,vm} (6)

and that fp < Fiqi for k € {H, L}, which ensures that both types of producers participate in the
market at equilibrium, for any possible value of the number of producers in each group. Without loss
of generality, we assume in the sequel that vy, < g, so that a type-L firm is associated with the
smallest WRE advantage and a type-H firm is associated with the largest WRE advantage. Since
FyFr, = yu~yL, conditions (1) and (6) reduce to

S <L <vH. (7)

The equilibrium outputs (3)—(4) are computed for a general context that includes any market com-
positions, market conditions and firms’ cost structures. In this way they broaden both the Cournot
solution found in Singh and Vives (1984) to a framework with intra-brand competition, and the equi-
librium quantities derived in Saggi & Vettas (2002) and Dou and Ye (2017) to an asymmetric setting.

3 Impact of demand function parameters

In this section we investigate how the equilibrium quantities respond to changes in the parameters
related to market demand.

It is easy to see that, for a given set of prices, an increase in consumers’ sensitivity to the price of
product k contracts their demand for that product, while an increase in their sensitivity to the price
of the alternative variety j expands their demand for product k:

_ Fj(Ay—Py)—S(A; — P)

@i = FFy — 52 '

As a result, there is a negative relationship between the equilibrium output of a firm and the slope
of its inverse demand function, while there is a positive relationship between the equilibrium output
of a firm and the slope of the inverse demand function of the other variety:

oqk B nj +1

Oqk n; +1 . .
— =Sn;,——q; k L. H}, k .
oF; Snj=G—a; > 0.k, j € {L,H}, k#
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The relationship between the degree of substitutability S and the individual equilibrium quantities is
more complex and depends both on the relative values of the WREs and on the industry composition.
An increase in S, that is, an increase in the degree of the products’ substitutability, can be interpreted
as a more intense horizontal (inter-brand) product competition.

(np+1)(np—1)

- <1, then %% < 0, and there exists an admissible
LMH

Proposition 1 i) If;’—fl <

Su = aryr — Veryn (aryn —apye) € (0,71)
such that

0
%gOforSgSH

9qu
W>OfOTS>SH

11) ]f (np+1)(ng+1)

ety < % < 1, then ‘98%’ < 0, and there exists an admissible

St = anvr — Vauvyr (anyr — aryu) € (0,791)

such that
a@% <0 for S<Sg
%L >0 for S > Sy.
iii) In all other cases, % <0 and aaq—; <0.
Proof. See Appendix 8.1. O

Proposition 1 provides the market conditions and composition and the firms’ characteristics that
allow us to predict the effect of an increase in the degree of product substitutability on the equilibrium
quantities.

Note that the first condition in Proposition 1 can only be satisfied if 1 < ngyg < ny +1 and that the
second condition requires ny < ny — 1. This means that a stronger horizontal product competition
can have a positive effect on the individual equilibrium quantity only if the size of the H group is
small with respect to the size of the L group. This result is the specific contribution of intra-brand
competition, as it necessitates competing groups of different sizes. Indeed, if the model is simplified to
a differentiated duopoly (pure inter-brand competition), then the impact of product substitutability
on the equilibrium quantities can never be positive.

A second result from Proposition 1 relates to the importance of the WRE advantage, which makes
it possible to observe a positive impact of product substitutability on the individual equilibrium quan-
tities. In particular, for a type-H firm, the difference between the WREs has to be large; whereas,
for an type-L firm, this difference has to be small. As a result, it is not possible to observe a positive
impact in both markets.

The positive impact of greater horizontal product competition on the equilibrium quantity is due
to the interplay between the degree of product substitutability and the variation in the rival product’s
quantity. If, for example,

-1 1
e (1)
YH npng

1

)

then we know that %LSL < 0, and this decrease is increasing with S. To have %‘1—5 > 0, given the

reaction function qg = i (Efﬁl) - SFH(ZZH)QL’ the reduction of gy has to outweigh the increase
of S, which happens when S is large.




6 G-2020-04 Les Cahiers du GERAD

Finally, Proposition 1 also suggests that, for a given WRE ratio (from market conditions and firms’
characteristics), a stronger product competition is more likely to have a positive impact on the firms’
quantities the larger is its group size. Figure 1 is a representation of the three possible scenarios for
the relative values of the WREs in Proposition 1. Case i) corresponds to the area below the solid
blue line; Case ii) corresponds to the area above the solid red line; and finally, Case iii), where both
derivatives are negative, corresponds to the area between the blue and red solid lines. A larger value
for ny rotates both the blue line and the red line counterclockwise (see Panel a), enlarging the area
for a possible positive impact of S on qg. A larger value for ny has less impact; it rotates both the
blue line and the red line clockwise (see Panel b), slightly enlarging the area for a possible positive
impact of S on qr,.

Panel a Panel b

@
&

gamma L
gamma L
w
8

o ow R
> 6 8 &8 8

gammaH gammaH

—) —] —5 .- =) -] — —)] —d5 - =) ---

Figure 1: Regions corresponding to the three cases in Proposition 1. The base case (solid lines) is ny = 2 and ny, = 5.
In Panel a, the dashed lines correspond to ny = 3 and n;, = 5. In Panel b, the dashed lines correspond to ny = 2 and
ny = 10.

4 Impact of industry composition

We now assess how the equilibrium quantities respond to changes in the industry composition. More
specifically, we focus on the degree of intra-brand competition when an increase in the number of firms
in one group does not change the number of firms in the other group, so that the total number of
firms in the industry increases. This scenario can be assimilated to long-term structural changes in
the industry size and composition.

It is straightforward to check that a unilateral increase in the number of firms in a given group has
a negative impact on the individual output of all the firms in the industry:

dqy, . (FLFH—SQ) nj+Fij <0
-V — 4k =
dnk Q

dg; Qe

— =— SF,— <0.

dny, kQ -

This is due to a general intensification of the competition, specifically intra-brand competition in the
expanding group and inter-brand competition with firms in the rival group.

However, the impact of a unilateral increase in the number of firms in a given group on the total
output in each market is different: the total equilibrium quantity of the group that experiences a
growth in size increases (due to the greater size), but the total equilibrium quantity of the competing
group decreases (due to increased inter-group competition).

8nk Q
an - SFkTLj
é)nk N Q e < 0

qr. >0
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When we look at the total industry quantity ), the consequence of an increase in the size of group k
when the size of group j does not change depends on the degree of substitutability S.

9Q _

8nk o

Fj(nj +1)— Sn;
Q

Fra

If the degree of substitutability is relatively low (S < W), that is, if the markets for the two
varieties are relatively independent, then the increase of the “total quantity in the group that becomes
larger more than compensates for the decrease of the total quantity in the group whose size does
not change, so that the total industry quantity increases. The reverse is true when the degree of
substitutability is relatively high (S > W), that is, when the markets for the two varieties are
more interconnected. Note that the threshold value of S at which the impact on the total output
changes is decreasing in n;, the size of the group that does not change.

5 Impact of intra-brand competition

We now assume that the total number of firms in the industry is fixed, so that no firm can enter or
leave the industry. However, we allow a firm to change the choice of its production technique; this
could happen, for instance, for profit considerations. In this case, an increase in the number of firms in
one group is compensated for by a decrease in the number of firms in the other group. The group that
experiences an increase in size experiences stronger intra-brand competition but reduced inter-brand
competition, while the reverse happens in the rival group.

If N is assumed constant, then the impact of an increase in the number of firms within group
k € {H, L} on the total quantity produced by the group is given by

dQr _ dQk

dng dn;

E.
’)/kﬂfé (777%52 + 5 (N + 1) (7N + 2nk) S+ Y5 Vk (N —ng + 1)2) s

which is positive for any feasible S (see Appendix 8.2). Note that, when N is constant, the impact of
an increase in ny, is equal to the impact of a decrease in n;.

Increasing the size of a group decreases the inter-brand competition it experiences: it increases
the total quantity produced by this group and decreases the total quantity produced by the other.
However, these quantities are divided among a different number of firms, so that individual quantities
could increase or decrease.

The impact of an increase in the number of firms within group k& € {H, L} on the individual
equilibrium quantity is given by

daw _ _ dax
dny, dn;
o, Oqr .. . .
=—— — —— with H, L d k
ank anJ w1 .] e { ) } a1l ] # 3

where 22 represents the marginal impact of an increase in intra-group competition and LY represents
ony % . : ! on;
the marginal impact of an increase of inter-group competition.

Proposition 2 i) Ifn; > ny and %1 < 1, then there exists an admissible S € [0,7L) such that

dqy,
dTLL
dqy,
dnL

<0for0<S<S

>0 forS<S<nr.
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.o 3nr(np+1)+1—n
ii) If Snp(net)+l-nu L3n2L) H

there exists an admissible range (S1,S2) € [0,7vL) such that

< % < 1, then, if ng is sufficiently large and vy and v are sufficiently close,

dqn
dnH
dqn
dnH
dqn
d’IlH

<0 for0<S<5;
>0 for Sy <S5 <8y

<0 for So < S <.

o 3N+1
iii) If yp = yg = v and ny > =57, then

dai.
dnk
dgy
dnk

<0 for0< S < Sk
>0 for Sp < S <nvp

where

Sk l (’rLj —ng + \/4TL? (n]— + 1)2 + (n]- — ’nk)2> .

= 5.2
an

iv) In all other cases, %4 < 0 for all S € [0,~L) and j € {L,H}.

’ dnk

Proof. See Appendix 8.3. O

Proposition 2 allows us to anticipate the consequences of a shift in the number of firms on the
individual quantity of a member firm when asymmetry is about group size, market conditions and
firms’ characteristics.

A first result following from Proposition 2 is that, regardless of the market conditions and the firms’
characteristics, when the smaller group increases in size, the individual equilibrium quantity of each
firm in this group decreases. In other words, the negative marginal impact of intra-group competition
is always greater than the positive marginal impact of inter-group competition. This is due to the
fact that when the size of the smaller group increases, this bridges the gap between the two group
sizes, strengthening the impact of intra-brand competition and weakening the impact of inter-brand
competition.

Furthermore, Proposition 2 shows that an increase in intra-brand competition in one group may
have a positive impact on the equilibrium individual number of firms in both groups. More precisely,
the impact is positive in both groups when

e the increasing group is the largest, its WRE is the lowest and products are highly substitutable
(Case i);

e the increasing group is much larger than the other, the two groups have the same WRE and
products are highly substitutable (Case iii);

e the increasing group is even much larger than the other, its WRE is slightly higher than the
other and S is inside a range of feasible values (neither high nor low) (Case ii).

The first result (Case i) can be explained by examining the reaction function of an L firm:

o EL _ SnH
_FL(TLL+1) FL(nL+1

qL qH

)

(an illustrative numerical example is provided in Table 1 and corresponding Figure 2). An increase in
the L-group’s size reduces both the intercept (Er/F, (nr + 1)) and the variable part of the reaction
function (Sngqy/Fr (ng, +1)); in order to obtain an increase in quantity, the variable part of the



Les Cahiers du GERAD G-2020-04 9

reaction function has to decrease more. This variable part depends on both S and ¢y. An increase in
ny, increases qp (due to the positive marginal effect of inter-brand competition); however, this increase
is decreasing in S (24.97% at S = 0.1 and 9.69% at S = 2.9). Accordingly, a large enough S is able to
compensate for the smaller impact of inter-brand competition, making the reduction of the variable
part larger than the reduction of the intercept.

Table 1: Numerical illustration of the impact of intra-brand competition in the L group.

E Snygq
FonitD  Fongtn M aL
S=0.1n;, =11 0.07813 0.00203 0.38884  0.07610
S=0.1;n; =12 0.07212 0.00175 0.48593 0.07036
% change -7.69% -13.48% 24.97%  -7.54%

S =29n, =11 0.07813 0.02860 0.18936  0.04952
S =29 n, =12 0.07212 0.02172 0.20770  0.05040
% change -7.69% -24.06% 9.69% 1.76%
Parameter values are N = 15, Eg = 3, E;, = 6, Fg = 1.5,
Fr =64, vg =32, v, =3.

Impact of S on intra-brand competition

0 0.5 1 15

ra
=]
in
w

gHinL=11) = — —gH(nL=12) gL (nk=11}) qL (nk=12)

Figure 2: Impact on individual quantities of one firm switching from the H group to the L group, as a function of S.
Parameter values are as in Table 1.

If, on the other hand, the H group is the largest, the degree of product substitutability can, as in
the previous scenario, strengthen or soften the positive impact of inter-brand competition, which, in
turn, depends negatively on S. However, the positive effect on the equilibrium quantity occurs for a
range of values of S that are neither too small nor too large.

A numerical illustration of the third result (Case ii) is provided in Table 2 and corresponding
Figure 3. Note that a very small degree of product substitutability (S = 0.1) is able to outweigh a
large marginal effect of inter-brand competition (49.95%), generating a combined effect that is smaller
than the negative marginal impact of intra-brand competition. This can also occur when a very high
degree of product substitutability (S = 2.9) is outweighed by a small marginal effect of inter-brand
competition (10.91%). Ouly for intermediate values of product differentiation (between 1.56 and 2.88)
do we see a positive effect of intra-brand competition on the individual quantities.

The second result (Case iii) can be interpreted as the limit of the previous scenario, where Sy — v,
as the WREs become closer.

6 Equilibrium market composition

In this section, we keep the same assumptions as in the previous one, that is, the total number of
firms in the industry is fixed. However, we now are interested in characterizing the equilibrium of the
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Table 2: Numerical illustration of the impact of intra-brand competition in the H group.

E Snpqrp

Froia®D)  Frpomagin 1L 9H

S=01;ng =13 0.14286 0.00289 0.30302  0.13997
S=01;ny =14 0.13333 0.00135 0.45439  0.13131
%A -6.67% -53.33% 49.95%  -6.19%
S =25 ng =13 0.14286 0.07215 0.11840  0.11467
S=25ny =14 0.13333 0.03367 0.14963  0.11671
%A -6.67% -53.33% 26.37%  1.78%

S=29ny =13 0.14286 0.08369 0.0699  0.12355
S=29ny =14 0.13333 0.03906 0.07753  0.12334
%A -6.67% -53.33% 10.91%  -0.17%

Parameter values are N = 15, Eg = 3, E;, = 6, Fg = 1.5,
FL == 6.47 YH = 3.2, YL = 3.

Impact of S on intra-brand competition

0.11000

= = =l (nH=13)

gl (nH=14)

gHinH=13) gH (nH=14)

Figure 3: Impact on individual quantities of one firm switching from the L group to the H group, as a function of S.
Parameter values are as in Table 1.

industry, assuming that producers switch from making one variety to the other because of the relative
profits of both industries.

Note that when the fixed cost does not differ across producer types, the highest profit in the
Cournot competition is achieved by the players with the highest Fiq?. This is no longer the case when
the production of different varieties generates different fixed production costs; then, comparing the
profits of the groups of players is a more complex problem.

The equilibrium quantities and, therefore, the profit of both kinds of producers depend on the
composition of the industry, which, for a fixed IV, can be characterized by n = ny. Assuming that N
is sufficiently large, we define the continuous extensions 7y, : [0, N] = R, k € {H, L} of the equilibrium
profit of both kinds of producers as a function of n.

An equilibrium market composition is a number n* such that

that is,

LB (vi (v + (N =) (v = 8))* = (3 + " (2. = 5))°)
=6 (yuyL (N —n* + 1) (n* +1) = §%n° (N —n*))?, (9)
where 0 = fg — fL.

We analytically derive conditions, on the fixed-cost difference 4, under which different compositions
of the industry arise in equilibrium, as stated in the following proposition.
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Proposition 3 Define

- N +1)— NS)?
AleHEL'YH'YL (’YLz( )2 )
vuv: (N +1)
—vayL + (ya (N +1) = NS)

2
Vi (N +1)° .

)\2 = EHEL

At equilibrium,

1) if 0 < Ay <4, then the industry consists only of type-H firms;;
il) if A1 < 0 < Ay, then the two types of firms coexist in the industry;

iii) otherwise, the industry consists only of type-L firms.
Proof. See Appendix 8.4. O

Note that the equilibrium solution when the industry is populated by a single type of firm is readily
obtained by setting ng = N or n;, = N in (4)—(3). This solution yields a positive quantity and a
positive profit for the firms that are not present in the market; these are interpreted as the limit
quantity and profit when the number of firms of one type vanishes.

From the results of Proposition 3, comparative statics allow us to derive the following properties
(see Appendix 8.5.1).

P1 Starting from an industry with only type-H firms, type-L firms appear with increases in
Ao and decreases in §, that is:
1. decreases in S (less substitutable products);
2. increases in ZTIZ (larger WRE advantage for type-H firms);
3. smaller (resp. larger) fixed cost for producers of type H (resp. of type L).

P2 Starting from an industry with only type-L firms, type-H firms appear with decreases in
A1 and increases in §, that is:

1. decreases in S (less substitutable products);

2. decreases in :YTIZ (smaller WRE advantage for the type-H firms);

3. larger (resp. smaller) fixed cost producers of type H (resp. of type L).

Moreover, we derive the following property by studying the effects of parameter changes on the stability
condition (9) (see Appendix 8.5.2).

P3 Starting from a mixed industry, more type-L firms appear with:
1. increases in Ey (resp. decreases in Ey) (changes in the quality and/or the cost efficiency);

2. decreases in ¢,

while changes in other parameter values impact the industry composition in an ambiguous way.

7 Application: Green and brown products

In this section, we investigate whether or not the results found for the general oligopoly with two
varieties can be further refined. Instead of adopting simplifying assumptions on the parameters, we
make conjectures about their relative values, and our assumptions are inspired by what we would
expect in an industry with a certified “green” product and a conventional “brown” one. Examples of
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such green products are those accredited by Fairtrade, the Rainforest Alliance, the Forest Stewardship
Council (FSC) and the Marine Stewardship Council (MSC).

The adoption of a production practice adequate for green certification is captured by the marginal
cost mg and the fixed cost fg. We assume that

mg > ma,

that is, that the technology implemented to produce a certified green product is more expensive than
the one adopted to make a conventional one. Moreover, the certification process generates a fixed cost
that adds up to any other fixed cost borne by a conventional brown producer; so we assume that

fa > fB.

On the demand side, we make no prior assumptions on the relative sensitivity of consumers to the
price of each product variety, that is,
Fo <=> Fp.

However, we assume that consumers are willing to pay a premium price for a labelled green product.
We model this green premium by assuming that when a quantity Q + Q; is produced, the price of
the green variety product is higher, for any feasible @, and Q;:

A — FeQr — SQ; > Ap — FpQr — 5Qj,
which translates into a higher choke price, that is,
AG > AB,

with the additional condition
AgFB > ABFc;,

which is always satisfied if Fg > Fg. The green premium is then defined as the difference Ag — Ap.

Given these assumptions on the parameters, the stability condition (11) and the comparative
statics results remain valid, and we can find numerical examples satisfying all the possibilities listed
in Proposition 3 for the steady-state industry composition.

We now provide some numerical illustrations that represent various industry compositions. For
comparison purposes and without loss of generality, we normalize the values of parameters Ag, Fg
and fp in all numerical experiments, so that Ag = 200, Fig =1 and fg = 0.

Figure 4 illustrates the case where the firms’ and the market conditions are adverse to the entry
of green firms, so that the equilibrium composition of the industry corresponds to a brown one: the
WRE of brown firms is 1.04% higher than that of green firms, products are highly substitutable, the
marginal cost of production is 33% higher in the green industry, and the green premium is only 0.5%
of the choke price.

From Proposition 3 we know that a decrease in the product substitutability and/or an increase in
the green WRE would help green firms enter the market.

Figure 5 is obtained from Figure 4 by increasing the green premium, which now accounts for 0.72%
of the choke price, and translates into a reduction of the brown firm’s WRE advantage (now the WRE
of brown firms is 0.57% higher than that of green firms, compared to the previous 1.04%). In this
example, we have an industry where green firms have spread moderately. At equilibrium, 21 green
firms produce 21% of the total quantity, the price of the green product is 26% higher than that of a
conventional one, and each green firm produces 1.2% more in terms of quantity than does a brown
firm. The additional fixed costs borne by the certified green producers (fz = 0.08) amount to the
2.2% of the equilibrium profit.
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Brown Industry, n*=0

Profit
o

number of green firms

Green Brown

Figure 4: Brown industry. Parameter values are N = 100, S = 0.99483, Fg =1, AG = 201, mg =8, mp = 6, fg = 0.08,
yielding EB = 194, EG = 193; yp = 1.00518 > ~v5 = 0.99485. The equilibrium prices and quantities are P = 7.92,
as = 1.92.

Mixed Industry, n*=21

Profit

number of green firms

Green Brown

Figure 5: Mixed industry. Parameter values are N = 100, S = 0.99483, Fg = 1, AG = 201.45,mg = 8, mp = 6,
fa = 0.08, yielding EB = 194, EG = 193.45; v = 1.00284 > v = 0.99716. The equilibrium prices and quantities are
Pg =994, P =7.92, q¢ = 1.94, qp = 1.92.

Figure 6 illustrates the impact of a lower substitutability between the two product varieties. This
could be the result of some (exogenous) investment to make consumers more aware of the difference
between the two products, like a more distinctive label or an advertising campaign focused on the
green production practices. In this example, all parameter values are the same as in Figure 5, except
that S = 0.8.2 Even if the green WRE is smaller than the brown one, the less aggressive horizontal
competition between the two product varieties gives the green products more room in the market.
This results in a larger number of green firms (n* = 49) as well as a higher profit, selling price and
production quantity for both kinds of producers. In this industry, green firms produce 49.3% of the
total quantity, the price of the green product is 25% higher than that of the conventional one, and
each green firm produces 1.3% more in terms of quantity than does a brown firm. The fixed green
certification cost accounts for 1.8% of the equilibrium profit.

To have a more substantial presence of green firms in the industry, we need the green WRE to be
higher than the brown one. This is shown by the next two numerical examples where a high green
penetration occurs, regardless of the level of horizontal product competition.

2Note that this example falls within Statement P3 of Proposition 3 in Section 6. It illustrates the “ambiguous effect”
that this parameter may have.
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Mixed Industry, n*=49

Profit
o

number of green firms

Green Brown

Figure 6: Mixed industry. Parameter values are N = 100, S = 0.8, Fg = 1, AG = 201.45,mg =8, mpg = 6, fg = 0.08,
yielding EB = 194, EG = 193.45; yp = 1.00284 > v5 = 0.99716. The equilibrium prices and quantities are P = 10.14,
Pp =8.12, q¢ = 2.143, g5 = 2.115.

In Figure 7, green firms have a high WRE advantage (65% more than brown firms) and the
horizontal product competition is weak. This translates into market conditions and a green firm cost
structure favorable to a large presence of green firms.®> Another way to explain the large presence of
green firms in the market is to look at the poor performance of the brown firms, which almost nullifies
the favorable presence of weak horizontal product competition: even if the two markets are weakly
linked, the conditions in the brown market are so adverse that only a few brown firms can survive.

Mixed Industry, n*=79

Profit
®

number of green firms

— (Ereen Brown

Figure 7: Mixed industry. Parameter values are N = 100, S = 0.3333, Fg = 1/1.3, AG = 297,m¢g = 6, mp = 5,
fc = 0.5, yielding EB = 195, EG = 291; yg = 0.51546 < g = 1.49231. The equilibrium prices and quantities are
Pg =9.31, Pg = 8.71, q¢ = 4.307, g5 = 3.700.

The high green WRE advantage comes from a high green premium, which amounts to 48.5% of
the choke price. As a result, the equilibrium price of the green product is 6.9% higher than that of
the brown product. At equilibrium, green firms produce 81.4% of the total quantity, each green firm
produces 16.1% more than a brown firm and pays a fixed certification cost that amounts to 3.6% of
the equilibrium profit.

3This is what we would expect from P1 of Proposition 3.
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In the last case, illustrated in Figure 8, green firms have a relatively high WRE advantage (19%
more than a brown firm), and the horizontal product competition is strong. The large presence of
green firms is a consequence of the strong product substitutability: in this case, highly connected
markets do not leave much room for inefficient firms. In Figure 8, 79 green firms produce 80.8% of
the total quantity, the price of the green product is 14.6% higher than that of the brown one, with a
green premium that accounts for 6.25% of the choke price. Each green firm produces 12% more than
does a brown firm, and the certification costs correspond to 11% of the equilibrium profit.

Mixed Industry, n*=79

Profit
w

0 10 20 30 40 50 60 70 80 90 100

number of green firms

Green Brown

Figure 8: Mixed industry. Parameter values are N = 100, S = 0.8, Fg = 1/1.1, AG = 212.5,mg =6, mp =5, fg = 0.5,
yielding EB = 195, EG = 206.5; yp = 0.85846 < vg = 1.05897. The equilibrium prices and quantities are Pz = 8.14,
Pp = 17.10, q¢ = 2.354, g = 2.101.

From the previous numerical experiments, we can draw some insights related to the equilibrium
industry composition. Firstly, a significant presence of firms producing a specific product variety is
achievable only if their WRE is greater than that of firms producing the rival variety. Secondly, a
specific equilibrium combination can be reached under different combinations of horizontal product
competition and WRE advantage. Finally, changes in the fixed certification costs result in a vertical
shift of the green firms’ profit function, so that the composition of the industry is more sensitive to
changes in the fixed certification costs when the participation of green firms is low.*

8 Conclusion

In this paper, we propose a differentiated oligopoly model with two product varieties made by two
groups of firms. This means introducing intra-brand competition in a context where inter-brand
competition is present. Markets and firms are fully asymmetric, creating a very general framework.
The asymmetry is encapsulated in a parameter called the weighted relative efficiency (WRE), with
relative values symbolizing the advantage of a specific group of firms.

After characterizing the equilibrium solution of the Cournot oligopoly, we analyze its response to
all the model parameters, with a particular focus on the degree of product substitutability (horizontal
product differentiation).

We also study the consequences of changes in intra-brand competition, both on the equilibrium
solution of the game and on the equilibrium market configuration. Such changes are to be understood as
the possibility for a firm to adjust its production practice and join the group producing the alternative
product variety when the total number of players in the industry is fixed.

4For instance, to reduce the participation of green firms in the industry, the fixed cost needs to be at least 2.4% of
the equilibrium profit in Figure 4, whereas it needs to be at least 59% of the equilibrium profit in Figure 6.
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All the results depend on the WRE levels of the two types of firms, as well as on the market com-
position, making these results very general and encompassing previous results found in the literature.
Finally, numerical simulations are provided to illustrate theoretical results.

Appendix
8.1 Proof of Proposition 1

Define oy, = "’;’l—jl, k € {H,L}. The impact of S on the equilibrium quantity of a firm in group k is

dqy, —EjnkanQ + 2F;Epng (nj + 1) S — L FiE; (nj + 1) (nk + 1)
—= =,
ds 02
—5% 4+ 2a,v,S — aja i
- 2 ik GORYEY
= (ny + 1) (i + 1) B e

, ko je{L,H}, k#j

where S € [0,7r).
The numerator is a concave parabola in S with a negative intercept and roots

a;ve £ A

Ay =av (ajye — aryy), kg e {L, H} , k # j.

When S vanishes (products are independent), both derivatives are negative.

For S > 0, if ygar = ypag, then Ay = Ap =0, so that % < 0 for all feasible values of S, since
S <L <agyrp and S < vy < apyg.

If yvpag < ygar, Ay > 0 and Ay < 0. In that case, % < 0 and dj—éf < 0, depending on the
value of S. The roots of the numerator of dg—g are

aryn =V arvm (aLyn — an).

It is straightforward to check that

0 < aryw — Varym (eryr — anyr)

YL < apyg + \/aL'YH (arvye — amvL).

Assume that ;% < % = ar, (2 — ag) < 1. Note that this condition can only be satisfied

for 1 <ng <njp + 1. We then have

arye —agyL > apyg —ag (apye (2 —an))

= aLYH (OéH — 1)2 > 0.

Define Sy = apvy — \/oszH (apyg — agvyr) > 0. Note that
vr —apyag (2—ag) <0

is equivalent to
(apye — WL)2 < arpye (aLye — arL) -

Taking positive roots on both sides yields

(apyw =) < \/aL'YH (arvye — amvL).

Consequently, the root Sy of the numerator of % is strictly inside the feasible interval, 0 < Sy < v,
and the derivative ﬁ]—g >0 for all S € (Sg,7vr).
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If, on the other hand, ypag > ygar, Ay < 0 and Ay > 0. In that case, qu < 0 and qu <0,
depending on the value of S. The roots of the numerator of % are

agyL = vVauvn (apyn — aLyn).

It is straightforward to check that

0 < agvr — Vauyr (enyn — aryn)

L < agyr + \/aH'YL (amyL — arLYm)-

Assume that ("flj(lyz;"fgl) = gt < % < 1. Note that this condition can only be satisfied for

ng < nr — 1. We then have

189783¢4

QHYL —OLYH > QHYH 77— — OLVH
20&]-[ —1
(o — 1)°
= ~— > 0.
QLYH 20y — 1

Define S;, = agvyr — \/aHvL (agvyr — arpym) > 0. Note that
OLYHOH — YL (2aH — 1) <0

is equivalent to
2
(agvL —71)” < apyr (apyr — arLvm)-

Taking positive roots on both sides yields

oYL — L < \/O‘H’YL (agyL — arym).

Consequently, the root Sz, of the numerator of is strictly inside the feasible interval, 0 < S < v,
and the derivative ‘”‘ >0 for all S € (SL,fyL).

When ~;, = vg = 7, the roots are given by

oy £ VA

Ay =2 E D Z ) sy ke

’I”Lj ng
The determinant is positive for the players in the largest group. The derivative ‘Z‘g’f can only be positive
for ny, > n; and (nn—jl — 4/ (ng —ny) 7+1> v < S <7y, which can only happen for n;, > n; +1. When

ni = n; + 1, the root is at S =+.

8.2 Impact of intra-brand competition on total quantities in each group

The total quantity produced by group k is given by

. Ve (N —ng+1) =S (N —nyg)
Yk (N —ng + 1) (ng +1) = S2(N —ng)ng

Qr = Ejn

The impact of an intensification of intra-brand competition on the total quantity produced by the
group can be expressed as

d E;
dg,f =2 ( neS? 475 (N +1) (=N +2nk) S + vy (N — npe + 1>2) (10)
E;

=T Z(9).
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The function Z is concave quadratic in S, positive at S = 0.
Assume (—N + 2ny) < 0, which implies that Z is decreasing at S = 0. At S = v, we have
Z(y) = =7k — 175 (N + 1) (N = 2m) + 757 (N = +1)°
> =y mni + 9 (N + 1) (=N +2n5) + 755 (N = ny, + 1)
=797 (N+1) > 0.
Consequently, Z > 0 for all S € [0,71,) when ng < %
Now assume (—N + 2ny) > 0. We then have
Z(S) = =S"n} + S7; (N + 1) (=N +2ng) + 7,75 (N — g + 1)°
> =520 + §% (N 4+ 1) (=N +2ng) + 5% (N — ng + 1)
=S%(N+1)>0.

Consequently, Z > 0 for all S € [0,~v,) when nj > % The total quantity in the expanding group is
always increasing.
Finally, note that
dQ; _ dQj

= 0
dny, dn; <5

so that the total quantity in the rival group is decreasing.
8.3 Proof of Proposition 2
For k,j € {H,L} and k # j,

2
day _ —n3S5% 4+ Sy, (nj — g +n3) + Sy (ny +ne +n? +1) =2y (nj + 1)

dnk o Q2
_ _dak
d’l’Lj.
Define

Vi = —n28% + i (ny — g, +n2) S+ ey; (nj +n + 02 + 1) S — 42y, (ny + 1)
_ @ dgy
o Ej dnk'

Y} is a third-degree polynomial of S, negative and increasing in S at S = 0, which admits two or no
positive roots by Descartes’ rule of sign.

Note that, if n; > ny,
Vi (nj —nk—i—n?) —STL? Zn?('Wc_S) >0,
so that, using S? < YEVjs

Vi = 8% (e (ny — mi + ) = Sn3) + Sy (ng + i+ 03 +1) =17 (ny +1)°
< (w (ng = ni +n3) = Sn3) + Sy (ng + ni +n3 +1) =77 (n; + 1)
=y (nj +nk +1) (S — ) <0.

We conclude that Yj, < 0 for all feasible S when n; < n;.
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The symmetric case

If v = 5,
Yi=(y—29) (S%? — Sy (n; —ng) — 2 (n; + 1)2) .

This polynomial has two positive roots, v and

v 2 2
Sk:%g(nj—nk—i—\/éln?(nj—i—l) —l—(nj—nk)).
J

At S =7, v
k

E:'yz(Snj—nk—i—l)
If 3n; —np +1 >0, then Y), < 0 for all S < v.Otherwise, Y}, > 0 for S € (Sk,7). Consequently:
If%§nk§%,thenYk<Oande<0f0rS€(O,’y).
If nj, < ML then Yy, < 0 for S € (0,7), ¥; <0 for S € (0,5;) and Y; > 0 for S € (S;,7).

If ny, > 38+ “then Y; < 0 for S € (0,7), Y5 <0 for S € (0,5;) and Y, > 0 for S € (Sg,).

The asymmetric case with n; > n;

Scenario 1: np > ny and v, < vy

At S =1,

Yy = 2 (ve (ng —np + n%,) — Sn%) + SyLym (ng +np + n? + 1) — Yive (ng + 1)2
=91 (nL —ng) (yg — 1) > 0.

Therefore, Yy < 0 for all S € [0,7z) and Yz > 0 when S is large enough.
Scenario 2: np <ng and v, < vy

Y, <0 for all S € [0,7L).
At S =11,

Yir = S? (yur (np —ng +n3) — Sn2) + Syuye (np +nu +n? +1) — 5y (np +1)°
= —vr (va — ) (v + 2ymne + 03 (va — 1)) <O0.

and
YIQI = Sn% (=38 + 2vy) + 2S5y (np — ng) +vu7L (TLL +ng+ n2L + 1)
=L (vu Bnp —ng +1) + 3n? (vu — L)) -
If v < VHW, Y/, > 0 and, consequently, Yy < 0 for all S € [0,7v). Otherwise Yy
L

has either no roots or two positive roots in [0,vz). Yu has two positive roots that are smaller than

g, if nyg is sufficiently large and vy and ~y;, are sufficiently close. Note that this can only happen if

’IlH>31\£17+1.
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8.4 Proof of Proposition 6
We first show that Ao > 0 and Ay > ;.

7L + (v (N +1) = NS)*
YL (N +1)°
+ (v + N (- 8))°
VL (N +1)°
i (ya — L)
L (N +1)°

X =EpE;]

> EyE; —YHTL

> FEyFEy > 0.

h(S)

No— A\ = NE Ey— 1)
V43 (N +1)°

where

h(S) = SN (v + 1) — 4SyuvL (N + 1) + vy (v + 1) (N +2)

is a quadratic convex function of S, minimized at

N+1

S* =2 _
THL N (vya +7r)

> vL-

Consequently, for S < vy,

h(S) > h(yr)
=0 (va — 1) @y + N (yar — 1))
>0

and Ay > 1.

The stability condition (8) can be rewritten as

where

L(n) = BLBa (2 (va + (N =) (v = ))° = v (2 +n (1. = §))°)

R(n) =6 (yayr (N = n+1) (n+1) - $*n (N —n))*.

Compute

R(0) = R(N) = 6v#77 (N +1)°

R'(n) =26 (N —2n) (vuvr — S?) (n(N —n) (yaye — S?) +yuye (N +1)) .

If § # 0, according to the sign of §, the function R(n) is a strictly positive (resp. negative) fourth-
degree polynomial, symmetric w.r.t. %, increasing (resp. decreasing) over |0, %) and decreasing (resp.

increasing) over (4, N].

The function L(n) is a quadratic function of n, with L(0) > 0. Compute

L’(n) =—-FE.FEyg (2 (N - n) YL (’YH — S)2 + 2nygy (’YL - 5)2 + 2vuvL ('}/H +vL — 25)) <0

L"(n) =2ELEy (yuvr — S?) (yu — ) > 0.
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This shows that L is a convex, strictly decreasing function of n, with L(0) > L(N). An equilibrium
market composition n* is defined by the intersection of a strictly decreasing function with the symmetric
function R(n). Compute

L(N) = R(N) = o Byt (107 — v O + N (1 = 9))) = 69378 (N + 1)?
= 9571 (N +1)* (A = 9)

L(0) = R(0) = BB (11 (v + N (v = $))° = 97} ) = 693 (N +1)°
=787} (N +1)* (= 9)

We distinguish the following four cases.

Case 1: 0 < A2 <
In this case, L(0) — R(0) < 0. Since L(n) < L(0) < R(0) < R(n) for all n € (0, N), the profit of
firms of type H is smaller than that of type-L firms for any industry composition, so that there
are only firms of type L in the industry at equilibrium.

Case 2: A\ << X\
In this case, L(0) > R(0) and L(N) < R(N). Since L and R are continuous functions, there
exists at least one n* € (0,N) where L(n*) = R(n*); since L is strictly decreasing, if § = 0,
the intersection point is unique. Otherwise, there are at most two intersection points, and at
most one in the region where R is increasing. This implies that if § > 0, since L(N) < R(N),
it is not possible to have two intersection points in (0, N). This is also the case if § < 0, since
L(0) > R(0). Consequently, there is a unique equilibrium market composition value n* where
both types of firms coexist.

Case 3: <)\ and d<0
In this case, L(N) > R(N) and R(n) < R(N) < L(N) < L(n) for all n € (0, N). The profit of
firms of type H is larger than that of type-L firms for any industry composition, so that there
are only firms of type H in the industry at equilibrium.

Case 4: 0<d <)\
In this case, L(N) — R(N) > 0. We will show that L(n) — R(n) is strictly decreasing on [0, N],
which implies that L(n) — R(n) > 0 for all n € [0, N) and, consequently, there are only firms of
type H in the industry at equilibrium.

We have
L'(n) = R'(n) = = BB (2(N = n) vz (v = 8)° + 207w (1. = 8)° + 29072 (v + 71 - 25))
— (26 (N —2n) (vave — 52) (n(N —n) (vavL — S?) + yuvL (N + 1)) .

If (N —2n) >0, then L'(n) — R'(n) < 0. Assume N — 2n < 0, so that

L'(n) — R'(n) <~ ELEn (2 (N —n)vz (vg — 8)* + 2nye (vp — S)* + 2vmye (va + L — 25))
+ (20 (20 = N) (yaye — S%) (n (N = n) (yave — S%) +va7. (N +1))) .

Define w = vy — v, > 0. Using
- N +1)— NS)?
N = By By YHL (’VLZ( + )2 )
vavE (N +1)

- N +1)— Nv;)?
< B By HL (%2( +1) . L)
yavE (N +1)

- ELEHw
vy (N +1)%
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we obtain
% <—(N=n)yp (w+7z — ) —nyu (L = 8)* = yuyL (w+2 (v — S))
w(2n — N — 52
i | VHVL)(J(\’;{IF’YIL)Q ) (n (N =n) (vayz = %) +vm70 (N + 1)
= — (v = 8)* (N +nw) + v (=2 (v — §) — w) (vir + w (N —n))
w(2n — N) (yaye — S?) . o
+ vavn (N + 1)2 ("(N ) (’YH’YL S ) + vy (N + 1))
<—wyL (ym +w (N —n))
w (2n — N) (yavyr — 5?) B @
i YL (N + 1)2 (n(N ") (VH% S ) +yry (N + 1))
N o @ N (N —n)w (s — 57)
=— (N —n)wyL + (N T 1)
_w’7H7L+w(2n_]\§\)]$;”L_S )
where
(2”‘ - N)n(N - n)w (’YH’YL - 52)2 - (N — n) wQ’yL*nyyL (N—|— 1)2
< (20— N)n(N = n)yu (vave —3)° = (N = n)wypymy (N +1)°
= —w?ygyi (N —n) (2N—n(2n— N)+ N% + 1)
< —wyyvi (N —n) (2N — N (2N — N) + N? + 1)
= —wygyi 2N +1) (N —n) <0
and

—yuvL (N +1)+ (2n = N) (vave — 8%) < =vave (N +1) + N (v — S°)
= — (yuyL + NS?) <0,

which shows that L(n) — R(n) is strictly decreasing.

8.5 Comparative statics

8.5.1 Sensitivity of \; and \; to the model’s parameters

Compute

d\ yL+ N (v = S)
- — _9F <0

dEry, H yayL (N +1)

d\ NS)+ N2S (v, — S
dEy vz (N +1)

o _ 52 (v + N (vp = 5))°

dFy T 22 (N 4 1)

d\ o VL (’}/H+2NS)+2N25(’YL—S)

= *EL 5 <0

dFy Yuvi (N +1)

dA\y ZQNELEH'YL+N('YL —g)

ds YaY: (N +1)

E%LFy,

. . o e
The value of A\ increases with S and with ’TIZ =
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In the same way, compute

2
dAs 9B, vu (v + NS) + N2S (v — 5)<0
dEr YHvL (N + 1)
o _op utNOu=9)
dEg YaYL (N +1)
dXo _ B vH ('YL+2NS)+2N2S('YH S) -0
dFy, YL (N + 1)
ddy _ o (yn + N (ym — S))?
dFy " 22 (N+1)°
Do yNpyp, N =S8)
ds YiyL (N + 1)
The value of Ay decreases with S and increases with 22£ = %
YL LIH

8.5.2 Effects of changes in parameters on a mixed industry

Recall the functions

L(n) = ELEn (’YL (v + (N =n) (yar = 8))* = ya (v +n (v — S))2>
— ELFy (EgFp — (N —n) (SEL — EgFL))? — EgFL (—ELFy +n(SEy — ELFy))?
R(n) =6 (vuve (N —n+1)(n+1)— S*n(N — n))2

— 5 (FuFL (N —n+1)(n+1) — $°n (N —n))”

used to characterize an equilibrium where profits are equal for both types of producers.
Note that a change in E}, has no impact on the function R, while

dL
dEp = 2% By (N —n)* = 28y En (N = 2n) (N +1) = 2y577 B (n +1)°
< 2SyyyLEnp (N — n)2 —2SvgyLEg (N —2n) (N +1) — 2’YH'Y%EH (n+ 1)2
= —2Svuv.En (N —n) + 2Svgv.Egn (n 4 1) — 2yg7: Eg (n + 1)
< =28vg v Er (N —n) + 2yg 73 Egn (n+ 1) — 2yg73 Eg (n + 1)°
= —2S8vyyLEn (N —n) — 2ygvi By (n+1) < 0.

This means that a reduction in Ey, shifts the L(n) function upward for all n and has no effect on
R (n); as a result, the intersection of the two functions happens at a greater value of n.

In the same way, 7z~ > 0, so that an increase in the value of E'y results in a lower value of n at
equilibrium.

On the other hand, a change in the value of § has no impact on function L, while

%:(W’HW’L(N—TH‘U(”‘FD_SQH(N_T‘))Q>0'

This means that a reduction in ¢ shifts the R(n) function downward for all n and has no effect on
L (n); as a result, the intersection of the two functions happens at a greater value of n.
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