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2 WILEY MUKHERJEE and SENALP
1 | INTRODUCTION

There is a vast literature following the seminal paper by Singh and Vives (1984) comparing the
effects of Cournot and Bertrand competition on profits, consumer surplus and welfare. One set
of papers compare the effects of Cournot and Bertrand competition in the absence of strategic
input price determination. These papers show how the outcomes under Cournot and Bertrand
competition are affected by the market sharing rule (Ghosh Dastidar, 1997), positive primary
outputs (Acharyya & Marjit, 1998; Zanchettin, 2006), innovation (Bester & Petrakis, 1993;
Bonanno & Haworth, 1998; Boone, 2001; Delbono & Denicolo, 1990; Mukherjee, 2011;
Qiu, 1997; Reynolds & Isaac, 1992; Symeonidis, 2003), number of firms (Hickner, 2000),
endogenous market structure (Cellini et al., 2004; Mukherjee, 2005), and technology licencing
(Mukherjee, 2010).

There is another set of papers considering Cournot and Bertrand competition in the pres-
ence of strategic input price determination. These papers show the implications of the bar-
gaining power of labour unions (Lépez & Naylor, 2004), endogenous choice of the strategic
variables (Lopez, 2007) and cost asymmetry among the final goods producers (Mukherjee
et al., 2012). Although these papers consider vertical relationships between the input suppliers
and the final goods producers, they consider non-cooperation between the input suppliers and
the final goods producers, thus ignoring the effects of vertical integration. Arya et al. (2008) fills
this gap by considering vertically integrated and non-integrated firms.

Arya et al. (2008) consider a duopoly model with a vertically integrated firm that sells a
critical input to the competitor and show that the standard conclusions about the effects of
product market competition are reversed—Bertrand competition creates higher industry profit,
lower consumer surplus and lower welfare compared to Cournot competition. They captured an
important aspect of the real world, viz., outsourcing key inputs to vertically integrated com-
petitors. As they mentioned, outsourcing key inputs to the vertically integrated retail compet-
itors can be found in the telecommunication, soft drink, cereal, and gasoline industries.
However, they considered that the production of the final goods requires a single critical input,
which may not be the case in many situations.

It is often found that firms need complementary inputs and vertical integration may involve
only a subset of input suppliers. For example, Chongvilaivan et al. (2013) note that the final
goods producers, such as manufacturers of automotive and electronics, use complementary
inputs like workers and parts and components, and vertical integration involves a subset of
input suppliers. Manufacturers in the high-tech industry often need to buy patents from the
patent holders for using their technologies. For example, smart phone companies, pharma-
ceutical companies need to buy patents from the patent holders (see, e.g., Osipchuk, 2018;
Trappey et al., 2016).

The automotive industry has undergone a dramatic and rapid transformation in recent years.
The large global producers of the sector, such as Volkswagen AG, General Motors Co. (GM),
Ford Motor Co. and Toyota Motor Corporation, have shifted their production from traditional
fuel-engine vehicles to electric vehicles (EVs).! High competition among EV makers forces them
to step towards integration in the supply chains. In this way, the market players seek to guar-
antee in-house battery production, lower the risk of supply shortages, reduce manufacturing
costs and increase efficiency (IEA, 2022, 2023). For instance, Chinese EV giant BYD Co. Ltd.

lhttps://www.ft.com/content/fb4d1d64—5d90—4e27—b77f—6e221bc02696.
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(Build Your Dreams) maintains a vertical integration strategy for auto manufacturing and
controls all components of EVs, such as batteries and semiconductors (Quan et al., 2018; Rong
et al., 2017). BYD has also supplied its battery cells to other original equipment manufacturers
(OEMs), such as Stellantis and Daimler.>* The partnership between US automaker General
Motors and LG Chem, a South Korean battery manufacturer, is driven by the same reasons. LG
Chem has mainly supplied critical battery materials (such as processed nickel and lithium) and
battery cells to GM based on the long-term supply agreement.* However, other OEMs such as
Volkswagen, Daimler, Ford and Stellantis also outsourced battery cells through GM's long-term
partner LG Chem to bolster their competitiveness in the EV industry.’

This change in the automotive industry also raises questions about the relationship with
labour unions. For example, GM has a long history of negotiating with labour unions, including
the United Auto Workers union. Daimler negotiates with the labour union IG Metall.® Simi-
larly, BYD Coach & Bus could be the first battery electric bus manufacturer in the US EV
market to partner with unions such as the International Association of Sheet Metal, Air, Rail,
and Transportation Workers Union (SMART).’

There are other evidences also. In light metal manufacturing, Alcoa Inc. sources in-house
cast sticks for downstream investment casting, supplies independent investment casters, and
has a workforce network that includes members of United Steel Workers and members of
Unite.® It is also found that cereal and soft-drink manufacturers supply critical inputs to their
retail competitors and also deal with labour unions.

Hence, vertical integrations in the above-mentioned cases involve the final goods producers
and a subset of input suppliers, which is not captured by Arya et al. (2008). This phenomenon
motivates us to extend the line of research of Arya et al. (2008) with complementary inputs,
outsourcing and vertical integration where vertical integration occurs between a final goods
producer and a subset of input suppliers. We consider a model like Arya et al. (2008) with the
exception that the final goods producers require two perfectly complementary inputs—an in-
termediate good and labour—and the vertically integrated firm produces the intermediate good
for its own use and sells it to the rival non-integrated final goods producer.” However, there is
no vertical integration between the firms and the labour unions supplying workers.

2https:/ /www ft.com/content/d407772c-4a76-4e59-9bb0-998b322383b; https://www.electrive.com/2021/07/13/
stellantis-to-source-batteries-from-svolt/.

3https:/ /news.metal.com/newscontent/101268191/byd-will-supply-blade-batteries-to-daimler-parent-company-of-
mercedes-benz-tesla-purchases-low-carbon-nickel.
“https://investor.gm.com/news-releases/news-release-details/lg-chem-and-general-motors-reach-agreement-long-term-
supply/#::text=Through%20the%20long%2Dterm%20supply,million%20units%200f%20EV%20production.

Shttps:/ /www.reuters.com/article/us-lg-chem-daimler-idUSKBNOMQ05020150330. Also, see Harrison and Ludwig
(2021) for a discussion on the battery supply chain in electric vehicle market. https://www.automotivelogistics.media/
battery-supply-chain/electric-vehicle-battery-supply-chain-analysis-2021-how-lithium-ion-battery-demand-and-
production-are-reshaping-the-automotive-industry/41924.article.
*https://www.reuters.com/article/us-germany-wages-idINKBN1F72GJ.

"https://smart-union.org/tag/byd/.

*Text for vertically integrated input suppliers is available from http://eur-lex.europa.eu/search.html?
qid=1467417618606& text=Case%20N0%20COMP/M.7342%20%20ALCOA/%20FIRTH%
20RIXSON&scope=EURLEX&type=quick&lang=en.

gReisinger and Tarantino (2019) consider an industry with vertical integrated firms and complementary patent holders.
However, their focus is different from ours. They examine the anticompetitive effects of cooperation among the
complementary patent holders in the presence of vertical integration among the patent owners and the final good
producers.
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Considering decentralised or firm-specific labour unions, we show that the profit of the
integrated firm and the total profits of the firms are higher under Bertrand competition, the
profit of the non-integrated firm is higher under Bertrand competition for high product dif-
ferentiation, and consumer surplus and social welfare are higher under Bertrand competition
for low product differentiation. We show in Appendix F that similar qualitative results hold
under an industry-wide or a centralised labour union. Thus, our results complement and
contrast with the standard conclusion and that of with Arya et al. (2008).

Unlike the standard conclusion, we show that profits can be higher, and consumer surplus
and welfare can be lower under Bertrand competition. However, in contrast to Arya
et al. (2008), we show that the profit of the non-integrated firm, consumer surplus and welfare
may not be higher under Bertrand competition for any degree of product differentiation.

Like the other papers mentioned above, showing profit and welfare reversals under
Bertrand-Cournot competition, these results suggest that the firms may not be worse off under
more intense competition, and the consumers and the society may not be worse off under less
intense competition. However, in contrast to those papers we show the implications of com-
plementary input suppliers with significant bargaining power. As shown, in the presence of
complementary input suppliers with significant market power, the degree of product-
substitutability also plays an important role for these implications.

The reasons for our results are as follows. The integrated firm faces the same costs of
production for the intermediate goods under Cournot and Bertrand competition, but it faces
lower wages under Bertrand competition, implying that its marginal cost of production
(which is the sum of intermediate goods costs and wages) is lower under Bertrand compe-
tition. The non-integrated firm faces higher wages, lower intermediate goods prices and
higher marginal costs under Bertrand competition for high product differentiation. As in Arya
et al. (2008), the integrated firm's incentive for softening competition through intermediate
goods price is higher under Bertrand competition. However, in our analysis, the presence of
the labour union allows the integrated firm to achieve this objective only for high product
differentiation since higher intermediate goods prices induce the labour union to lower its
wages in the non-integrated firm.

Hence, on one hand, lower marginal cost of the integrated firm under Bertrand competition
helps to increase the integrated firm's profit and to reduce the non-integrated firm's profit under
Bertrand competition. On the other hand, higher marginal cost of the non-integrated firm under
Bertrand competition for high product differentiation tends to increase both firms' profits under
Bertrand competition for high product differentiation by softening competition. Both the effects
create higher profit for the integrated firm under Bertrand competition for high product dif-
ferentiation. If the products are close substitutes, the marginal costs of both firms are lower
under Bertrand competition compared to Cournot competition, which help to reduce the price
and increase the output of the integrated firm under Bertrand competition compared to
Cournot competition, and the output gain outweighs the price loss to increase the integrated
firm's profit under Bertrand competition.'® For the non-integrated firm, the competition soft-
ening effect helps to increase its profit under Bertrand competition for high product
differentiation.

“This effect can be related to Zanchettin (2006), which didn't consider a vertical structure and considered the same
marginal costs of the firms under Bertrand and Cournot competition. In our analysis, the marginal costs of the firms
are different under Bertrand and Cournot competition due to the presence of the vertical structure.
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The higher profits of the integrated and non-integrated firms under Bertrand competition
for high product differentiation make the industry profit higher under Bertrand competition for
high product differentiation. For low product differentiation, the higher profit of the integrated
firm under Bertrand competition helps to create higher industry profit under Bertrand
competition. Thus, the industry profit is higher under Bertrand competition.

The effects mentioned above are similar to Arya et al. (2008), with the exception that the
competition softening effect due to a higher marginal cost of the non-integrated firm under
Bertrand competition occurs only for high product differentiation. This happens due to the
presence of complementary inputs. Since the integrated firm did not need to care about other
input prices in Arya et al. (2008), the integrated firm could charge higher intermediate goods
prices under Bertrand competition always. However, in our paper, a higher (lower) interme-
diate goods price encourages the labour union to reduce (increase) the wage for the non-
integrated firm. Hence, the intermediate goods prices charged by the integrated firm and the
wages charged by the labour union to the non-integrated firm goes in the opposite direction. On
balance, this trade-off makes the sum of the intermediate goods prices and the wages for the
non-integrated firm higher under Bertrand competition only for high product differentiation
since significant competition under close substitutes induces the labour union to reduce wages
significantly, thus creating a difference from Arya et al. (2008).

The reasons for the effects on consumer surplus and welfare are also attributed to the effects
on the marginal costs of the firms. The integrated firm's lower marginal cost under Bertrand
competition and the non-integrated firm's lower marginal cost under Bertrand competition for
low product differentiation help to create higher consumer surplus and welfare under Bertrand
competition for low product differentiation. However, the higher marginal cost of the non-
integrated firm under Bertrand competition for high product differentiation is responsible for
softening competition and creating lower consumer surplus and welfare under Bertrand
competition for high product differentiation. Since the competition softening effect occurs in
our paper only for high product differentiation, unlike Arya et al. (2008), lower consumer
surplus and lower welfare under Bertrand competition occurs in our paper only for high
product differentiation.

An important concern for the antitrust authorities on vertical integration is vertical closure.
It is generally believed that vertical integration between an input supplier and a final goods
producer discourages the integrated firm to supply the input to other non-integrated final goods
producers in the absence of alternative sources of inputs (see, e.g., Hart & Tirole, 1990; Rey &
Tirole, 2007; Salinger, 1988; Zanchettin & Mukherjee, 2017). Arya et al. (2008), Zanchettin and
Mukherjee (2017) and Moresi and Schwartz (2017) show that vertical foreclosure does not occur
if the final goods are differentiated. Differentiated final goods attract new consumers and make
no vertical foreclosure as the preferred option. Hence, those papers suggest that vertical fore-
closure as a reason to challenge vertical integration decision is not relevant if the products of the
integrated and non-integrated final goods producers are differentiated.

We show in this paper that vertical foreclosure does not occur even if the products of the
integrated and the non-integrated firms are perfect substitutes and there is no firm-asymmetry,
but the firms use complementary inputs and integration occurs between a final goods producer
and a subset of input suppliers. The reason for our result is as follows. On the one hand,
foreclosure reduces competition in the product market, but, on the other hand, the labour
union, which is the non-integrated input supplier, uses its prices to extract gains from vertical
foreclosure. Since the integrated firm can manipulate the intensity of product-market compe-
tition through its input price, it prefers no foreclosure to reduce rent extraction by the non-
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integrated input supplier. Hence, no vertical foreclosure in our paper is due to rent extraction
motive of the non-integrated complementary input supplier.

Thus, we show that vertical foreclosure as a reason to challenge the vertical integration
decision is not relevant even for homogeneous products if there are complementary inputs and
the integrated final goods producers integrate with a subset of input suppliers. As mentioned
above, this can be found in many industries, such as the automotive, electronics, cereal and soft-
drink industries. The manufacturers in those industries use complementary inputs like workers
and critical inputs, and some of the manufactures in those industries produce the critical inputs
like vertical integrated firms and supply those inputs to their product-market competitors.

Hence, the contributions of our paper are two-fold. First, it shows the effects of product-
market competition on the profits, consumer surplus and welfare in the presence of comple-
mentary inputs and vertical integration between a final goods producer and a subset of input
suppliers. Second, it shows the implications of complementary inputs and vertical integration
between a final goods producer and a subset of input suppliers on vertical foreclosure, which is
a concern for the antitrust authorities.'*

The remainder of the paper is organised as follows. Section 2 describes the model. Section 3
shows the results under Cournot competition. Section 4 shows the results under Bertrand
competition. Section 5 compares the effects of Cournot and Bertrand competition on the profits,
consumer surplus and social welfare. Section 6 discusses the implications of positive bargaining
power of firms. Section 7 concludes. We show the implications of a centralised labour union in
Appendix F.

2 | THE MODEL

Assume that there is a vertically integrated firm, Firm I, which produces an intermediate good
and uses it to produce a final good. Firm I also needs workers to produce the final goods. There
is another non-integrated final goods producer, Firm NI, which cannot produce the interme-
diate good but can produce the final good by employing workers and sourcing the intermediate
good from Firm I. Consider for simplicity that one unit of the final good requires one unit of
intermediate good and one worker.

Hickner (2000) showed that the results of Singh and Vives (1984) may not hold if there are
more than two firms competing in the market. To eliminate the effects shown by Hick-
ner (2000), we consider duopoly in the final goods market.

Assume that the marginal cost of production for the intermediate good is ¢(>0). Hence, Firm
I can procure the intermediate good at c. However, Firm NI has access to the intermediate good
through Firm I by paying a price, any, which is determined by Firm I.

We consider that workers are unionised and the firms hire workers from firm-specific or
decentralised labour unions. We will show in Appendix F the implications of an industry-wide
or a centralised labour union, where the firms hire workers from an industry-wide or a cen-
tralised labour union.'” We assume that the reservation (or competitive) wage for each worker

"Our structure is also related to Chongvilaivan et al. (2013), which consider vertical relationship with complementary
inputs. However, unlike us, they didn't consider the implications of product-market competition and the effects on
vertical foreclosure.

"See, for example, Flanagan (1999) and OECD (2004, 20138) for different degree of wage centralisation across countries.
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Firm I

FIGURE 1 Decentralised unions.

is r. Figure 1 below depicts the structure of the industry. The unions D; and Dy; charge wages wy
and wyy to Firms I and NI, respectively.
We assume that a representative consumer's utility function is U = a(qi + q,-) -B

[(ql2 + qu) + 26qiq,} /2 that yields the inverse market demand function for the final goods as

Pi=a—B(q; + 6q)) (1)

where P; and g; show Firm i's price and output respectively, q; shows Firm j's output, i = ILNLi #
J, and 6 € [0,1] represents the degree of product differentiation. The products are perfect
substitutes if 6 = 1, while the products are isolated for 6 = 0.

We consider the following game. At stage 1, Firm I decides whether to sell the intermediate
good to Firm NI. Vertical foreclosure occurs (does not occur) if Firm I does not sell (sells) the
intermediate good to Firm NI. If there is no foreclosure, at stage 2, Firm I charges the input
price, ang, to Firm NI and the decentralised unions, D; and Dyy, charge wages w; and wyy; to
Firms I and NI respectively."* However, if there is foreclosure, Firm I does not sell the inter-
mediate good to Firm NI and the labour union D; charges wage to Firm I only. At stage 3,
production takes place. If there is no foreclosure, Firms I and NI compete like Cournot duo-
polists (as considered in Section 3) or like Bertrand duopolists (as considered in Section 4) and
the profits are realised. If there is foreclosure, Firm I produces like a monopolist and the profits
are realised. We solve the game through backward induction.

If there is foreclosure, there is no competition in the product market and Firm I produces
like a monopolist. We first consider the case of foreclosure before considering the case of no
foreclosure.

"Many papers considered in different contexts that labour unions determined wages (see, Dowrick, 1989, Naylor, 1998,
Straume, 2002; Lommerud et al., 2003; Haucap & Wey, 2004; Mukherjee, 2008; Mukherjee & Pennings, 2011;
Mukherjee et al., 2012, to name a few). As Dowrick (1989) mentioned "The “monopoly union” is treated as a limiting
case of the wage-bargaining union’. It is often used as a modelling strategy to give the unions maximum power in wage
determination so that the unions' implications are shown in the easiest way. Instead of unions supplying workers, our
model will be applicable also for patent holders charging royalties to Firms I and NI for patents. In that case, it may be
more natural to consider that the patent holders have full bargaining power to set the royalty rates. See, for example,
Shapiro (2001), Lerner and Tirole (2004) and Choi (2010) for patent holders determining the royalty rates.
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2.1 | Vertical foreclosure

In case of vertical foreclosure, Firm I does not supply the intermediate good to Firm NI. In this
situation, Firm I maximises the following expression to determine its output.

77; = (a—Bqr —c—wr)qr.

The equilibrium output of Firm I can be found as q§ = %ﬁ‘“’f
The labour union determines the wage rate by maximising its utility function, (wy — r)Lp,

where ¢} = 455" = Li." Straightforward calculation gives wh =

wage, the equilibrium output of Firm I is a{ = 0*4727’. The equilibrium output is positive if

4=£+I Given the equilibrium

a > c + r, that is, if the demand intercept is higher than the sum of the marginal cost of
production for the intermediated goods and the reservation wage, which we assume to hold. If
this condition is not satisfied, production is unprofitable even if the firm gets the intermediate
goods at its marginal cost and the workers at the reservation wage.

The equilibrium profit of Firm I under foreclosure is

~ _(a—c—r)2
”g—T- (2)

The equilibrium consumer surplus is

B (a—c—r)2

The equilibrium social welfare (W), which is the sum of the industry profit, the union utility
and consumer surplus, is

7(a—c—r)?

w =
328

3 | COURNOT COMPETITION

Now we consider the case of no foreclosure and Cournot competition in the final goods market.
In this situation, Firm I supplies the intermediate good to Firm NI and maximises the following
expression to determine its output, qr:

7 = (a — B(gr + Oqni) — ¢ — wr)gr + (ctnr — €)qnr-

"If Firm I does not supply the inputs to Firm NI, only Firm I produces the product. In this situation, there is no issue of
decentralised and centralised unions.
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Firm NI maximises the following expression to determine its output, gnr:

”va? = = (a — B(Oqr + qn1) — anr — Wnr)gnr-

c,d nf 2(a—c—wy)—6(a—anr —wni)

8-

The equilibrium outputs of Firms I and NI are respectively gq;’

c,d nf 2(a—an; —wny)—6(a—c—wy)
B(4—6) ’
The equilibrium wages under decentralised labour unions are determined by maximising

&G and U4, = (wnr — r)qf\,f " with respect to w; and wy; respectively. The

and qy;

Ud = (wy — r)qy
equilibrium intermediate good price, ay;, is determined by maximising ﬂf’d’"f =(a—Blgr+

6qn1) — ¢ —w)g"™" + (an; — ¢)gs™™, subject to the equilibrium outputs shown above. The
intermediate goods price and wages are determined simultaneously.
The equilibrium intermediate goods price and the wages under decentralised unions are

(a—c—r)(8—06(4+0))
48 — 186* + 6* '

~ 1
cxf\}?’”fzi(a—kc—r)—

—canf _ (@ 0)2— 6)°(2+6)(3+6) +r(46 — 6*(8 + 6) + 24)
! 48 —186° + 6"

bl

Sedf _ (a—c)(2-6)2+06)(8—6(4+0))+r(64+06(16 —6(24+6(4 —0))))
N 2(48 — 186 + 6%) '

Given the intermediate goods price and wages, the equilibrium outputs of Firms I and NI are
—c,dynf _ 2(a—c—r)(2—6)(3+6) cdnf (a—c—r)(8—6(4+6))
91 T B(4s-1807+6%) B(48 180" +6*)

and gy , and the corresponding profits are

—ednf _ (a—c—r)?(2—06)(272+6(56 — 6(4 4+ 6)(28 — (2 + 0)))) (5)
! 2p(48 — 186% + 6*)’ ’
2 2
eydyn a—c—r)°(8—6(4+6
ﬂNdf ( )(2(42)) (6)
B(48 — 186 + 6")
The equilibrium consumer surplus is
cgednf _ (2= ¢—1)*(208 +6(80 — 6(172 + 6(24 — 6(25 + 49)))) o
28(48 — 186% + 6*)°
The equilibrium welfare is
ppedny _ (@ == r)?(1712 — 6(656 + 6(836 — 6(240 + 6(123 — 26(8 + 36)))))) @®

28(48 — 186% + 6%)°
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Proposition 1. Under Cournot competition, if the integrated and non-integrated firms hire
workers from decentralised labour unions, the integrated firm supplies the intermediate good to the
non-integrated firm for any degree of production differentiation (i.e., for any 6 € [0,1]), implying
that the integrated firm prefers no vertical foreclosure.

Proof: See Appendix A. m

Proposition 1 sheds new light on vertical foreclosure. It shows that if there are comple-
mentary inputs and vertical integration involves only a subset of input suppliers, vertical
foreclosure is not a concern.

Arya et al. (2008), Zanchettin and Mukherjee (2017) and Moresi and Schwartz (2017) show
that vertical foreclosure does not occur if the final goods are differentiated. On one hand, no
vertical foreclosure increases competition in the product market but on the other hand, it helps
to attract more consumers when the final goods are differentiated. Since the intermediate goods
price helps to control the intensity of competition in the product market, the firms prefer no
vertical foreclosure when the final goods are differentiated, since product differentiation attracts
more consumers.

We show that vertical foreclosure is not preferable even if the products are homogeneous. In

our paper, no vertical foreclosure helps to reduce wages in the integrated firm compared to
vertical foreclosure (i.e., @f’d’"f <147;) and therefore, helps to extract rent from the labour union
by increasing competition in the product market. This benefit from rent extraction from the
labour union makes no vertical foreclosure beneficial even if the final goods are homogeneous.
If the final goods are differentiated, no vertical foreclosure in our paper is beneficial since it

helps to extract rent from the labour union and attracts more consumers.

4 | BERTRAND COMPETITION

Now consider no foreclosure under Bertrand competition. The inverse market demand function
for the final goods is given by (1), and the corresponding direct demand function is

(a — Pi) — 9((1 — Pj)
51— )

qi = )

Under Bertrand competition, we consider 6 € [0,1) to avoid the well-known Bertrand-
paradox.

Under no foreclosure, Firm I sells the intermediate good to Firm NI and maximises the
following expression to determine its price, Py

%ax ﬂ};’d’"f = (P —c—wy)q; + (anr — ¢)qnr. (10)
T

Firm NI maximises the following expression to determine its price, Pyy:

Max ™ = (Par — anr — W) gnr- (11)
NI
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We get the equilibrium prices as

2(a+c+wp) — (a+ 2¢ — 3an; — wnr)6 — ad?
4-6

PPy — : (12)

phidinf _ 2(a+ any +wyr) — (@ —c—wp)6 — (a+c—an)0”
NI = .

4 — 6 (13)

The equilibrium outputs are

bdnf  @(2—0—6%) —2(c+wy) + 6(wny + w6+ (246 — 6%) + an (1 +67))
bodonf

1 B(4— 56 + 6

k]

bdyf  A(2—6— 6%) — 2(wnr + anr) + 6(c 4+ wy — @ + (wnr + 2an1)6)
qNI 5(4 _ 562 + 64) :

The unions and Firm I determine the wages and the intermediate goods price simulta-

neously. The wages under decentralised unions are determined by maximising (w; — r)qf”d’"f ,

i € {I, NI}, and the price for the intermediate goods is determined by maximising
(Pr— ¢ = w)@? ™™ + (anr — )gii"”.

We get the equilibrium intermediate goods price and the wages as

+c(128 — 6(16 + 886 4 6°(18 — 6(8 + 6(17 — 26(1 + 6)))) ))
2(96 — 766” + 86° + 6°)

((a—c)(2+6)(4—(2—9)9) (2-6%)(4+6(1—20)) )
g =

48r+ (a—c)(2—0)(1-6)(2+6)*(6 — 6 +6° — &%)

o _ +10(2—6)(2+6)(6 — 6(8 + 6(3 + 26)))
! 96 — 760 + 86° — @8

(@a—c)2-0)(1-0)(2+06) (2+6°)(8+ (1 —6)6(4+0))

+r(2—6%)(64+6(16 — 6(24 — 6(4 — 6(5 + 6(2 — 6))))))
2(96 — 7667 + 86° — 6°) '

~b,d,nf
Wy =

Given the equilibrium intermediate goods price and wages, the equilibrium outputs are
~b,dynf _ (a—c—r)(2+6) (2-6)(6-6*+6°-6*) 4 abdnf _ (a—c—r) (2-6*)(2+46°)(8+(1-6)6(4+6))
91 B B(1+6) (96— 766>+ 86°— &%) and gyy - = 28(1+6) (96 —766° +86°— 6°) )

The equilibrium profits of Firm I and Firm NI are respectively

85UB917 SUOWILLOD dAITERID 3|qeal|dde auy Aq peusenob afe sa e VO ‘8sn Jo sajni Joj Akeid 1 auljuo A3|1AM UO (SUONIPUOD-PUE-SULISIAL0Y A3 | 1M Alelq 1 BU1|UO//:StiiLy) SUORIPUOD PUe SWS 1 8U1 88S *[7202/50/T2] Uo Akeiqi]auliuo A3|im ‘159 L A 08FZT dUew/TTTT OT/I0pA0d A3 m AReld 1 putjuo//sdiy wolj papeojumod ‘0 ‘/S66.9%T



12 MUKHERIJEE and SENALP
2 | WILEY-

(a—c—rP2+6) 2-0) (544 i 6(304‘9(240+9(56+9(52>

+6(46 — 6(24 + 6(5 + 36)))))))

= . , (14
4B(1 + 6) (96 — 766> + 86° — 6°)
by _(@—C=1)(1-6) (2~ )’ (2+6*)*(8 + (1 — 6)6(4 + 6)) 15)
M 4B(1 + 0) (96 — 766" + 86° — 6°)°
The equilibrium consumer surplus and social welfare are respectively
832 + 0(768+0(80+0(176—6(124+6(252
(a_c_r)2(2_92)2< ( ( ( ( ( )
csbanf — +06(24+06(1+6)(16 —6(13+40)))))))) (16)
88(1 + 6) (96 — 766" + 86° — 6°)°
13696 + 6(6144—0(12256+6(4128 +6(984
(@—c—r)?(2-6%)| +06(1688-0(2724+6(1332—6(242+6(2
whdnf _ +6(163 4+ 6(95 — 126(2 + 6)))))))))))) (17)

88(1 + 6) (96 — 766% + 86° — 6°)°

Proposition 2. Under Bertrand competition, if the integrated and non-integrated firms hire
workers from decentralised labour unions, the integrated firm supplies the intermediate good to the
non-integrated firm for any 6 € [0,1), implying that the integrated firm prefers no foreclosure.

Proof: See Appendix B. m

The reason for Proposition 2 is similar to Proposition 1.

5 | COMPARISON BETWEEN COURNOT AND BERTRAND

Since we focused on 6 € [0,1) under Bertrand competiton, we consider 6 € [0,1) in this section.
Before comparing the profits, consumer surplus and welfare under Cournot and Bertrand
competition, first compare the effects of product-market competition on the wages and the
intermediate goods price.

We plot Aw; for different values of 6€[0,1) in Appendix C, where

(a—c—r)
Aw; = wP® — w5 1t shows that the wage for the integrated firm is lower under Bertrand

competition compared to Cournot competition for 0 <6< 1.
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- ~bydynf  ~cydynf —~ ~bydynf =cydynf —
. w —w a —a
Now consider (aéuézg N NI(a —c— 1:; ’ (aéoézg N Nza —c 71\;1) and (aAﬁ/IcciHr) =
~bydynf | =bsdsnf —cydynf | —Codsnf _ _

(WNI +ay ) — (WNI +ayg ) : : Awng Aang

@ . See Appendix C for the expressions of G o and

AMCxi - We plot them for 6 € [0,1) in Figure 2.

(a—c—r)

We get the following results from the above discussion and Figure 2.
Lemma 1.

(i) The wage for the integrated firm is lower under Bertrand competition compared to

Cournot competition for 6 € (0,1).

(ii) The wage for the non-integrated firm is higher under Bertrand competition compared to
Cournot competition for 6 < 6 = 0.559 (approx.).

(ili) The intermediate goods price faced by the non-integrated firm is higher under Bertrand
competition compared to Cournot competition for 8> 6 = 0.467 (approx.).

(iv) The marginal cost of the non-integrated firm is higher under Bertrand competition compared
to Cournot competition for 8 < 8 = 0.705 (approx.).

Price cutting under Bertrand competition is more effective than quantity raising under
Cournot competition to extract market share from the competitor. As a result, the firms face
more intense competition under Bertrand competition compared to Cournot competition.

Ceteris paribus, fierce competition under Bertrand competition compared to Cournot
competition tends to reduce the profit and, therefore rent extraction by the union under Ber-
trand competition compared to Cournot competition. As a result, the labour union to charge a
lower wage to Firm I under Bertrand competition compared to Cournot competition to
maintain its competitiveness and profitability under Bertrand competition.

Now consider the effects on Firm NI. As mentioned in the introduction, like Arya
et al. (2008), the integrated firm is incentivised to soften competition under Bertrand compe-
tition by appropriately charging the intermediate goods price. However, as the intermediate

0.01F

— > o Y

LN ~
0467 05 0.705

-0.01F

002} vy

FIGURE 2 A Aau_ anqg MM for 6 € [0,1).

(a—c—r)’ (a—c-1) a—c—r)
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goods price affects the competitiveness of the non-integrated firm by affecting the
non-integrated firm's marginal cost of production (which we call as the direct effect of the
intermediate goods price),"” it also influences the non-integrated firm's marginal cost of pro-
duction and profitability by affecting the wage for the non-integrated firm (which we call as the
indirect effect of the intermediate goods price).'® Firm I needs to consider the direct effect of the
intermediate goods price as well as the indirect effect of the intermediate goods price through
wage, since higher intermediate goods price induces the labour union to charge a lower wage to
Firm NI to keep Firm NI more competitive in the product market.

If the products are close substitutes (6> 8 = 0.559), Firm I charges a significantly higher
intermediate goods price (& NI) under Bertrand competition to keep the competition from Firm

NI at a low level, which induces the labour union to charge a significantly lower wage (wy;) to
Firm NI under Bertrand competition.

On the other hand, if the products are sufficiently differentiated (6 <8 = 0.467), Firm I
charges a lower intermediate goods price under Bertrand competition since the competition
from Firm NI is not significant, which induces the labour union to charge a higher wage to Firm
NI under Bertrand competition for extracting higher rent from Firm NI.

If the product differentiation is moderate (8 = 0.467 <6< 6 = 0.559), Firm I chooses the
intermediate goods price to soften competition directly through intermediate goods price as well
as indirectly through wage. In this situation, both the intermediate goods price and the wage for
Firm NI are higher under Bertrand competition compared to Cournot competition.

Since a higher intermediate goods price reduces the wage paid by Firm NI, if the products

are very close substitutes (8 > 8 = 0.705), a higher intermediate goods price reduces the wage
for Firm NI significantly under Bertrand competitoin to reduce the marginal cost of Firm NI
under Bertrand competition compared to Cournot competition.

Table 1 summarises the intermediate goods price, wage and the marginal cost for Firm NI
under Bertrand competition compared to Cournot competiton depending on the degree of
product differentiation.

Now we compare the profits, consumer surplus and social welfare under Cournot and
Bertrand competitions. Since vertical foreclosure will not occur irrespective of the type of
product-market competition, the relevant expressions are given in Section 3 and 4.

Proposition 3.

(i) Bertrand competition generates higher profit for the integrated firm compared to Cournot
competition for 6 € (0,1).
(ii) Bertrand competition generates higher profit for the non-integrated firm compared to Cournot
competition for 6 <6 = 0.686 (approx.).
(iii) Bertrand competition generates higher industry profit compared to Cournot competition
for 6 € (0,1).

"It follows from the non-integrated firm's profit function (a — f(6qr + qnr) — anr — War)qaz that a higher ay; reduces
the non-integrated firm's competitiveness by increasing the marginal cost of the non-integrated firm.

“We get from the first order condition of profit maximisation for the union related to the non-integrated firm that
WNT = i (2a + 2r — ab + c6 + 6wy — 2ayy), which suggest that the a higher ay; reduces wyy, that is, the wage rate for the
non-integrated firm.
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TABLE 1 Bertrand competition compared to Cournot competition; 6 = 0.705, 0 =0.559, 6 = 0.467.
Moderately
Very close Close differentiated Highly
substitutes Substitutes  products differentiated
(6<6) (é <6< e) (é <6< é) products (e <9 )
Intermediate goods price for the  Higher Higher Higher Lower
non-integrated firm (anr)
Wage for the non-integrated Lower Lower Higher Higher
firm (WNI)
Marginal cost for the non- Lower Higher Higher Higher

integrated firm <Z\//IE'N1)

Proof: See Appendix D. m

The reasons for these results are explained in the introduction. The lower marginal cost of
Firm I under Bertrand competition and the higher marginal cost of Firm NI under Bertrand
competition for high product differentiation help to create higher profit of the integrated firm
under Bertrand competition for high product differentiation. If the products are close sub-
stitutes, Firm I's output gain under Bertrand competition outweighs its price loss under Ber-
trand competition to increase its profit under Bertrand competition.

On the other hand, the competition softening effect helps the non-integrated firm to earn
higher profit under Bertrand competition for high product differentiation.

While both firms earn higher profits under Bertrand competition for high product differ-
entiation, the higher profit of the integrated firm helps to create higher industry profit under
Bertrand competition for low product differentiation. Hence, the industry profit is higher under
Bertrand competition.

Now consider the effects on the sum of the industry profit and the union utility, consumer

PAmLUN) ~_PACS FAW__ for 6 € [0,1), where A7 +

(a—c—r)?* " (a—c—r) —c—r)?
AUN = (pbdnf — gednf) + (UNPA, — gNe®) ACS = CS™ — €SS and AW = WP —

(m+UN) BACS BAW
—r) a—c—r)?"

surplus and welfare. Figure 2 plots > and @

wedn  See Appendix E for the expressions of ﬁ(A

a—c—r)?’ (a—c—r)? and(

The following result follows from Figure 3.
Proposition 4.

(i) The sum of the industry profit and the union utility are higher under Bertrand competition
compared to Cournot competition for 6 > 0™ = 0.418 (approx.).
(ii) Consumer surplus is higher under Bertrand competition compared to Cournot competition for
6 > 0™ = 0.515 (approx.).
(ili) Welfare is higher under Bertrand competition compared to Cournot competition for
6 > 6™ = 0.458 (approx.).

It could be shown that the union utility is higher under Cournot competition compared to
Bertrand competition. More intense competition under Bertrand competition compared to
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AW

(a-c—r)2

ACS

(a-c—r)2

A+ AUN
2

(a-c-r)

0.418 0458 0515

5, for 6 € [0,1).

FIGURE 3 BAmUN) _BACS _ 4ng Pr

(a—c—r)"’ (a—c—7)

)

Cournot competition does not allow the union to extract higher rent from the final goods
producers under the former compared to the latter.

When taking the sum of the industry profit and the union utility, the effect of Bertrand
competition (compared to Cournot competition) on the industry profit dominates (is dominated
by) that of the union utility if the products are not very (very) differentiated. This happens
because if the products are not very (very) differentiated, intense (not so intense) competition
does not allow (allows) the union to extract significant rent from the firms. Hence, the sum of
the industry profit and the union utility is higher (lower) under Bertrand competition compared
to Cournot competition if the products are not very (very) differentiated.

The higher marginal cost of the non-integrated firm under Bertrand competition for high
product differentiation creates the competition softening effect and reduces consumer surplus
and welfare under Bertrand competition for high product differentiation.

Since consumer surplus and the sum of the industry profit and the union utility are higher
(lower) under Bertrand competition compared to Cournot competition if the products are not
sufficiently (sufficiently) differentiated, it is immediate that welfare will be higher (lower) under
Bertrand competition compared to Cournot competition if the products are not sufficiently
(sufficiently) differentiated.

6 | THE IMPLICATIONS OF POSITIVE BARGAINING POWER OF
FIRMS

We have assumed in the above analysis that the unions determine wages. In other words, we
have assumed that the unions have full bargaining power. Now we want to show the impli-
cations of positive bargaining power of the firms. Since the analysis with the positive bargaining
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power of the firms is very complicated under competition between Firms I and NI, we will
consider some special cases to discuss the implications of bargaining power. We will argue here
that vertical foreclosure will not occur for positive bargaining power of the unions. Further,
since the equilibrium outcomes will be continuous with respect to the bargaining power, we
will use continuity to say that our results on Cournot-Bertrand comparison will hold if the
bargaining power of the unions are higher than a threshold level.

For the analysis of this section, we assume a = 3 =1 and ¢ = r = 0, since these parameters
will not be crucial for the main analysis.

First consider the case of vertical foreclosure. Given the output of Firm I for a given wage

1y
rate, the union and the firm maximise Max(Uf )y<7r§) , since the disagreement payoffs of
w

both agents are zero, where U = wL;and ﬂ’; = (1 — q§ — WI) q’} are the utility of the union and

the profit of Firm I, and y and (1 — y) are the respective bargaining power of the union and Firm
I. We get the equilibrium wage as 1/17; =’ and the equilibrium profit of Firm I as 7rf 16 =i

Now consider the case of no foreclosure and Cournot competition between Firms I and NI.
We consider that both unions have bargaining power y and both firms have bargaining po-
wer (1 — y).

Given the outputs of the firms, the equilibrium wage for Firm I is determined by maximising
1-y
Max(U?)y (nf’d’"f — D) where U¢ = wiqy A and ny donf _ (1 - (qf’d’"f + qu\}f’"f ) - W[)

“b are the utility of the union and the profit of Firm I. While the disagreement

payoff of the union is zero, the disagreement payoff of Firm I is D = ai@¥ q5&" =

s (2(1—an —wa " ) —0(1-w, ™"
(4-¢)
equilibrium wages for Firm I and Firm NI and the equilibrium intermediate goods price, as
following Horn and Wolinsky (1988), we consider that Firm NI operates at the anticipated
duopoly equilibrium in the case of disagreement between Firm I and the union it is facing.

q1 c,d,nf + aNIq

)), where wo®Y, Wi and a$PY are respectively the

The equilibrium intermediate goods price is determined by maximising Maxnf’d’"f . The
ANI

-y
equilibrium wage for Firm NI is determined by maximising Max(Uj‘(,I)y(nf\}‘Ii’"f ) where
w

U, = wygs® and 750 = ( (GqC ANy g "f) — ant — WNI) qo+" are the utility of the

union faced by Firm NI and the profit of Firm NI, since the disagreement payoffs of both firm
NI and the corresponding union are zero.

Since the general expressions of the equilibrium values are very complicated, we will
consider two specific cases to show the implications of the union bargaining power. First,
consider the case of y = 0, that is, zero power of the union, but 6 € [0,1]. In this case, the wages
for both firms will be equal to the reservation wages, which are normalised to zero in this
section. With zero wage rates for both firms, the equilibrium intermediate goods price is

ac,d,nf_ —(4— 9) —c,d,nf (6 6)(2-6)
NI 16 —66° 32-126%

E‘f =1 for 6 = 1 but greater than n{ =1 for 6 € [0,1). The profit of Firm NI is positive for
0 € [0,1). Hence, if the unions have no bargaining power, vertical foreclosure is not better if
there is product differentiation. The reason is as follows. No foreclosure increases competition,
while the differentiated product of Firm NI increases the market size. Since Firm I can control

and the equilibrium profit of Firm I is 7; , which is equal to
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competiton through an appropriate intermediate goods price, it prefers no foreclosure if the
products are differentiated.
Now consider the case of 6 =1 buty € [0,1]. It can be found that the equilibrum wage rates and

the intermediate goods price are w{®" = G-r5+7@28+ y(g :L?)’z;;o( 17?/1)2\7/ (,52;(}/5) f ;);)WS OB,

~c,d,nf _ 3y(15+7(28+y(8—5)—(1+7)\/(5—7)(45—y(75+y(-65+19))) )
Wi~ = 21+ 7)(270— (127 27(517))) ’

~c,dynf  255—y(155—y(2+77)+(1+7)3/(5—7)(45—y(75+7(- 65+19)))
AN = 540 2y(127_27(5 17)) .

If we calculate the equilibrium profit of Firm I with these equilibrium values and compare it

with ) = @ 167)2 ,we get 77, = 79" fory = 0, ) < 79" for y € (0,1] and the profit of Firm NI
is positive for y € (0,1], implying that foreclosure will not occur for positive union power.'” This
happens since no foreclosure (compared to foreclosure) reduces rent extraction by the union in
Firm I by creating indirect competition between the unions in Firms I and NI.

The above discussion suggests that foreclosure will not occur under Cournot competition for
any 6 € [0,1] if y € (0,1]."8

Now consider Bertrand competition. The procedure for calculating the equilibrium wage
rates and the equilibrium intermediate goods price is similar to that of under Cournot
competition. So, we don't show those objective functions again.

First, consider the case of y = 0 and 6 € [0,1). In this case, the wages for both firms are zero,

$101ant . . : o Hbdonf 846
the equilibrium intermediate goods price is ayy;"™ = ===

and the equilibrium profit of Firm I
. —~bdnf _ 1246(4+6+6)
1S 7y T 4a+09) (8+9)
positive for 8 € [0,1). Hence, if the unions have no bargaining power, Firm I does not prefer
vertical foreclosure if there is product differentiation. The reason is similar to that of under
Cournot competition.

Now if we consider 6 — 1, say, 6 = 0.999, and y € [0,1], it can be found that 71"’; < %?’d’"f for
y € [0,1] and the profit of Firm NI is positive for y € [0,1], implying that foreclosure will not
occur here.'® The reason is similar to that of under Cournot competition.

Hence, we can get that foreclosure will not occur under Bertrand competition for any
6 € [0,1) if y € [0,1]. Thus, it shows that our no foreclosure result is not for y = 1 only.

If y = 0, the situation is similar to Arya et al. (2008), which showed that Bertrand compe-
tition creates higher industry profit, lower consumer surplus and lower welfare compared to
Cournot competition. On the other hand, we showed our result with y = 1. Since the wage rates,
intermediate goods prices, profits, consumer surplus and welfare are continuous in y, it is
immediate from continuity that our results on Cournot-Bertrand comparison will hold if the
values of y are higher than some threshold levels. The threshold levels are given by the equality
of the equilibrium values under Cournot and Bertrand competition. Since the equilibrium ex-
pressions are different for profit, consumer surplus and welfare, the threshold values will be
different for the comparisons of profit, consumer surplus and welfare.

, which is greater than ;7; =1 for 6 € [0,1). The profit of Firm NI is

"We are not reporting the equilibrium profit of Firm I due to a very long expression.

“Rather than the way we showed it, one can use the ‘Mathematica’ software to show it under Cournot competition with
the general expressions for 6 € [0,1] if y € [0,1].

"“Due to the extremely long expressions of the equilibrium values, we are not reporting them here.
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We contribute to the literature by showing the effects of price and quantity competition in an
industry with complementary inputs, outsourcing and a vertically integrated firm where vertical
integration occurs between a final goods producer and a subset of input suppliers. We show that
the profit of the integrated firm and the industry profit are higher under Bertrand competition,
the profit of the non-integrated firm is higher under Bertrand competition for higher product
differentiation, and consumer surplus and welfare are higher under Bertrand competition for
low product differentiation. Thus, the presence of complementary inputs provides new insights.

Our analysis also shows that no market foreclosure can be the preferred choice of the
vertically integrated firm for any degree of product differentiation. For example, as shown with
the full bargaining power of the unions, the vertically integrated firm always prefers no market
foreclosure. Thus, we show that the usual concern about market foreclosure following vertical
integration may not be valid in the presence of complementary inputs when vertical integration
involves a subset of input suppliers.
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APPENDIX A

Proposition Al. We get from (2) and (5) that
—~c,d,nf  ~f

ami(enf ) = 77" — 7

8(2 — 6)(272 + 6(56 — 6(4 + 6)(28 — 8(2 + 6))))
(48 —186% + 6%)°
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(a—c—r? |2+
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FIGURE A1 The relationship between % and 6.

Figure A1, which plots M for different values of 8, shows that the profit of the in-

tegrated firm under Cournot competition is higher under no vertical foreclosure compared to
vertical foreclosure for 6 € [0,1].

APPENDIX B

Proposition B2. We get from (2) and (14) that

smbnf - ) =7, -7
544 + 0(304—0(240+6/(56+6(52+
42+6) (2- 6%’
0(46 — 0(24 +6(5+ 309)))))))
(1+6) (96 — 766" + 86° — 6°)°

(a—c—r? |2+
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Figure B1, which plots M for different values of 6, shows that the profit of the in-

tegrated firm under Bertrand competition is higher under no vertical foreclosure compared to
vertical foreclosure for 6 € [0,1).
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APPENDIX C
Lemma C1. We get
Aﬁ[ _ wfyd,"f _ w?d,"f

(48 — 186” + 6*) (96 — 766° + 86° — 6°)

Figure C1, which plots (aé‘g)ir) for different values of 6, shows that wage for the integrated

firm is lower under Bertrand competition compared to Cournot competition for 0 < 6 < 1.
We get

— ~b,d,nf —~c,d,nf
AWNT =Wyp = Wy

(a—c—r)6*(4+6)(32+6(— 40 + 6(— 40 + 6(12 + 6(7 + 26)))))
2(48 — 186° + 6%) (96 — 766> + 86° — 6°) '

We get

— ~b,d,nf —~c,d,nf
Aanr = ayn;  — App

, < —256 + 0(320+-6(768+0(—368+6(—616+ )
(@~ 176 + (196 + 6(— 36+ 8(— 25 1 8(2 1 &)
2(48 — 186° + 6%) (96 — 766> + 86° — 6°)

(a—c—r)(=2+6)0(2+6)(192 + 6(48 + 6(— 176 + 6(16 + 6(60 + 6(7 + 6)(— 4 + 6(-1 + 6))))))) _
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We get

— ~b,d,nf ~b,d,nf ~c,d,nf —~c,d,nf
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256 + 6(—320+0(—128 )

- (@=c-ns <+ 6(2+6)(72 + 6(— 112 + 6(92 + 6(4 + 6(— 22 + 8(2 + 6)))))))
2(48 — 186" + 6%) (96 — 766 + 86° — 6°)

APPENDIX D
Proposition D3. (i) We get

~bd.,nf  —~cd.nf
A, =71 -7

2(-2+6)(272+6(56+ 8(4+ 6)(—28+ O(2 + 6))))
(48-186° +6*)
(a—c—r)2 212
:T (2+6)(-2+6°)"(544+6(304 +6(—240+6
| (£56+6(=52+0(-46+6(24+6(5+36)))))))
(1+6)(96- 766" +86° 6" )’

BAm;
(a—c—r)?

Figure D1, which plots for different values of 6, shows that the integrated firm earns

higher profit under Bertrand competition compared to Cournot competition for 0 < 6 < 1.
(ii) We get
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FIGURE D1 The relationship between ﬁif’r 7 and 6.
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(a—c

~b,d,nf —~c,d,nf
ANt =TTy — Ty

Cl1+0)2+6)°(2+6)°

4(—8+6(4+6)° (—8+(-1+6)0(4+6))°
(48 — 1867 + 6% (1+0) (96 — 766" + 86° — 6°)°

(a—c—r)2

43

PAmyi_ for different values of 6, shows that the non-integrated firm

(a—c—r)?

Figure D2, which plots

earns higher profit under Bertrand competition compared to Cournot competition for
0 <6 = 0.686 (approx.).
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FIGURE D3 The relationship between ﬁA”r)z and 6.

(a—c—

(iii) We get

—~b.d,nf —~b.,d,nf —~c,d,nf —~c,d.,nf
AIZ'Z(7Z'1 + 7T )—(71'1 + TN )

2(=672+0(288 + 0(280 + 6(-88 + O(—34 + O(4 + 0)))))
2 (48-186° +6*)
=—("_:[;r) (=24 6%)* (~1344+6(-1152+6(304+6(384+ (316 + 6 |,
(1564 6(=50+6(~42+ 6(4 + )(-8 + 6+ 6°)))))
(1+6)(96 - 766" +86° —6*)

BAT
(a—c—r)?
profit is higher under Bertrand competition than that of under Cournot competition for
0<6<1

Figure D3, which plots for different values of O, shows that the industry

APPENDIX E

Proposition E4. We derive A + AUN = (774" — 744" 4 (UN>* — UN©41f)
Where A7 is given in Appendix D (iii) and
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AUN =UN"*" —~UN**"'

2(208+6(2+6)(4+6)(-14+50))
(48-186> +6)
(-1+6)(-2+6°)
832+6
=$(—a+c+r)2(—2+6’)(2+0) 96+0
832+6 —232+6
80+6 —92+0|(-52+6(1+86)
[(—8+0(9+59))J
) ((1+6)(-96+ 766> ~56" +6")')
We get

ACS = S — csedn

4(208 + 6(80 — 6(172 + 6(24 — 6(25 + 46)))))
(48 — 186 + 6*)°

(a—c—r)?
= - 62)2 <832 + 6(768+6(80+6(176—6(124 )

+6(252+6(24+6(1 + 0)(16 — 6(13 + 40))))))))
(1+6) (96 — 766" + 86° — 6°)*

We get

AW — Wb,d,nf _ Wc,d,nf

4(— 1712+ 6(656 + 6(836 — 6(240 + 6(123 — 26(8 + 36))))))
(48 — 1867 + 6)°

(@a—c—r)’ 13696 + 0(6144—0(12256 +6(4128+0(984
86 (2-6%)| +6(1688—6(2724+6(1332—6(242+6(2
+6(163 +6(95 — 126(2 + 6))))))))))))
(1+6) (96 — 766" + 86° — 6°)’
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FIGURE F1 Centralised union.

APPENDIX F

The case of a centralised labour union
The purpose of this section is to show that the results derived under decentralised unions hold
under a centralised union. We consider in this section a model similar to Section 2 with the
exception that a single labour union supplies workers and charges wages to both Firms I and
NI. The structure of the industry is shown in the following Figure F1.

Since only Firm I produces under vertical foreclosure, the analysis under foreclosure will be
similar to the one shown in subsection 2.1.

F.1 | No vertical foreclosure: Cournot competition
If there is no vertical foreclosure, the equilibrium outputs of Firm I and Firm NI are respectively

ccenf _ 2(a—c—wr)—6(a—any—wnr &cnf _ 2(a—any—wnr)—6(a—c—wy)

)
q; ) and gy, B(+—5)
A centralised union maximises its utility function U(w,L) = (w; — r)L; + (Wxy — F)Lyy, With
respect to w; and wy;, and Firm I maximises nf’c’"f = (a —B(qr + 6qn1) — ¢ —wy)qr +
(anr — ¢)gn1, With respect to ang. The intermediate goods price and the wages are determined

simultaneously.
We get the equilibrium intermediate goods price and wages under a centralised union as

ac,c,nf _ S(Cl +2c — r) - 4(a +c— }’)92 + (a —Cc— 7)63
" 8(3-6%)

~cenf  @—CHT
wy =,
2

Seen _ 16(a —c+2r) —4(a—c+3r)6* — (a—c— )0’ .
M 16(3 — 6%)

Given the equilibrium intermediate goods price and wages, the equilibrium outputs of Firms

I and NI under a centralised union are g~ = % and gy = %, and
the corresponding profits are
ot _ (a—c—r)’(2—06)(136 — 6(28 + 6(50 — 116))) ’ (F1)

2568(3 — %)’
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2 2
~c,eon a—c—r)(4—36
nN,If:( )(22 ) (F2)
64B(3 — 6%)
The equilibrium consumer surplus and welfare are respectively
. (@ —c—r)*(208 — 6%(180 — 6(40 + 139)) ) (F3)
5128(3 — 6)°
2
weens _ (@—¢—r)*(1712 — 6(960 + 6(556 — 6(280 + 199)))) (F4)

5128(3 — 6%)°

Proposition 5. Under Cournot competition, if the integrated and non-integrated firms hire
workers from a centralised labour union, the integrated firm supplies the intermediate good to the
non-integrated firm for any degree of production differentiation, that is, for 6 € [0,1], implying that
the integrated firm prefers no foreclosure.

(a—c—r)*(4-306)* (8-36%)

2566(3-6%)° >0.

Proof: We get from (2) and (F1) that %f’c’"f - /ﬁ{ =

Proposition 5 is similar to Proposition 1. Hence, no foreclosure under Cournot competition
occurs under both decentralised and centralised unions.

If there is a centralised union, Firm I pays the same wage, wf’c’"f = w§ = &¢I under no

foreclosure and foreclosure. However, the wage rate paid by Firm NI, which is wi¥ =

16(a—c+2r)—4(a—c+3r)8*—(a—c—r)8®
16(3-6%)

helps to produce the product in Firm NI at a lower wage and Firm I can extract some of this

benefit by charging an appropriate price for the intermediate goods. As a result, Firm I prefers

no foreclosure under a centralised union for any degree of product differentiation.

, is lower than that of under foreclosure. Hence, no foreclosure

F.2 | No foreclosure: Bertrand competition

If there is no vertical foreclosure, the equilibrium prices charged by Firm I and Firm NI

b

. _ -~ -~ _a8® b A\ - 2
are respectively PI,C,"f _ 2(atctwy)—6(a+2c—3an —wyr)—af P seonf _ 2(aani+wwr) —6(a—c—wr) —(a+c—anr)6

40 NI 46 ’

and the corresponding equilibrium outputs are q?’c’"f =

—2(c+wr)—a(2+6+6")+6 (wni+wiO+c(2+6—6) +ans (1+67))
B(4-56°+6")

byc,nf 72<WNI+OCN1)+6(C+W1fCQ+Q(WNI+2aN1>)*(1(72+9+92)

and gy, = B(4—56"+6*)

A centralised union maximises its utility U(w,L) = (w; — r)L; + (Wn; — )Ly, With respect to
wy and wyy, and Firm I maximises nf’“’"f = (a — B(qr + 6qn1) — ¢ — wy)qr + (anr — ¢)gng, With
respect to an;. The intermediate goods price and the wages are determined simultaneously.

The equilibrium intermediate goods price and the wages can be found as

- (a—c—r)(8+6°)

24 +46° - ¢*

b’c’nf —
Nt —C
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benf _ 12la—c—r)—4(a—c—rb+2a—c—r)6*—(a—c)d*
! 24 + 46° — ¢* ’
~pemf 1 (a—c—r)(8+6°)
WN’f:§<a_c+r_ 241408 6 )

Given the equilibrium intermediate goods price and the wages, we get the equilibrium prices
changed by Firms I and NI respectively as
a(36+6°(3-6-26")) + (c+r) (12+6*(5+06))
2(24 +46° - 6%)
a(20-6(3-6(3-6-0%))) +(c+r) (4+6(3+6+6%)
244 46 — 6* '

The corresponding equilibrium outputs are

s

Dbsesnf
P, =

Db,enf
Php

~b,e,nf (a —C— r)(2 + 9)(6 — 6(1 - 26))
=0+ e (24 + 46 — &%)
—penf  (@—Cc—T)(446) (2+6)
N 2B(1 4 0) (24 + 467 — 64)

’

The equilibrium profits are

et (@—c—1)(246)(136 + 6(20 + 6(50 + 6(7 + 36))))
o = — . (F5)
48(1+6) (24 + 46° — ¢")
peny _(@—c—1’(1-0)(4+6)(2+6")°
ND = > a2 (F6)
4B(1+ 6) (24 + 46 — 6%)
The equilibrium consumer surplus and welfare are respectively.
(a—c—r) (208 " 9(1 12+6(156+6(108+ 0(37+6(23+ 49))))))
CSb,c,nf — (F7)

86(1+6)(24+46° - 6')

(a—c—r)2(1712+ 0(464+ 9(836+ 49(276—9(5—9(1—49(8+36’))))))j

et _
86(1+6)(24+46° - 6')

(F8)
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Proposition 6. Under Bertrand competition, if the integrated and the non-integrated firms hire
workers from a centralised labour union, the integrated firm supplies the intermediate good to
the non-integrated firm for © € [0,1), implying that the integrated firm prefers no foreclosure.

Proof: We get from (2) and (F5)

24 4216)(136+6(20+6(50+6(7+36))))
(@a—c—r) (1+ (1+6) (24+46>—6*)" >

168

bl _ 2t _ >0,

Which implies that if there is a centralised union, Firm I prefers no vertical foreclosure
compared to vertical foreclosure. m

N B —c—r)6(8+6° . :
Since W); — W?’C’”f = %> 0, it shows that no vertical foreclosure reduces the wage

paid by Firm I compared to vertical foreclosure. This benefit makes Firm I better off under no
vertical foreclosure compared to foreclosure.

F.3 | Comparing profits, consumer surplus and welfare
Now we compare the profits, consumer surplus and welfare under Cournot and Bertrand
competition.

Proposition 7.

(i) The profit of the integrated firm is higher under Bertrand competition compared to Cournot
competition for 6 € (0,1).

(ii) The profit of the non-integrated firm is higher under Bertrand competition compared to
Cournot competition for 6 < 0.726 (approx.).

(iii) The industry profit is higher under Bertrand competition compared to Cournot competition
for 6 € (0,1).

(iv) Consumer surplus is higher under Bertrand competition compared to Cournot competition for
0> 06""" = 0.547 (approx.).

(v) Welfare is higher under Bertrand competition compared to Cournot competition for
0> 0"""" = 0.469 (approx.).

Proof:

(i) We get

(—2 + 6)(136 + O(— 28 + B(~50 + 116)))
(346’
64(2 + 6)(136 + 6(20 + (50 + 6(7 + 30))))
| (1+6)(24 — 46% + 6%’
25643

(a—c—r)2

An!/ — E?ﬁc’nf _ %?an —
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FIGURE F2 The relationship between (aliAf;)z and 6.

ﬁAﬂ[

Figure F2, which plots > for different values of 6, shows that the integrated firm's

profit is higher under Bertrand competltlon compared to Cournot competition for 8 € (0,1).
(i) We get

(4-30° 16(1+6)(4+6)2(2+62)2>

(a—c—r)? ( 2 7
3-6? 1+6) (24+46*—6*
377;\11 ﬂiffnf n.c,?nf (3-¢) (1+6) (24+ )

Figure F3, which plots M”M

> for different values of 8, shows that the non-integrated firm's
profit is higher under Bertrand competition compared to Cournot competition for 8 < 0.726

(approx.).
(iii) We get

, ~b,c,nf  ~b,c,nf —~CyConf  ~cyconf
AT = (n, + TTnr ) — (71’1 + 7Tp )

—336 + 6(288 + (6 — 0)6(6 — 110))
(3-¢°

_(a—c—r)2

2568 (64(336 +6(144 + (2 - 0)6(3 + 6) (26 + 6(3 + 6)*)))

' (1+06) (24 + 46> — 6%’

ﬁAn’
(a—
higher under Bertrand competltlon than under Cournot competition for 6 € (0,1).

Figure F4, which plots > for different values of 8, shows that the industry profit is
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FIGURE F3 The relationship between ML””Z and 6.
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FIGURE F4 The relationship between (afifr)z and 6.
(iv) We get
ACS' = cshe — cseont
—208 + 6%(180 — (40 + 136))
2
_(a—c—r’ (3-6)
5128 ,64(208 + 6(112 + 6(156 + 6(108 + 6(37 + 6(23 1 0))))))

T

(1+6) (24 +46* — %)’

Figure F5, which plots (f_ACC_Sr/ % for different values of 6, shows that the consumer surplus is
higher under Bertrand competition than under Cournot competition for 6 > 8 = 0.547
(approx.).
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(v) We get

AW = when — yeent
—1712 + 6(960 — 6(556 — 6(280 + 196)))
(@a—c—r) (3_62)2
5128 (64(1712 + 6(464 + 6(836 + 6(276 — 6(5 — 6(1 — 46(8 + 30)))))))
| (1+06) (24 +46% — 6%)°

Figure F6, which plots (aliAlV;y for different values of 6, shows that the welfare is
higher under Bertrand competition than under Cournot competition for 8 > 8 = 0.469

(approx.).
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