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1 Introduction

Studies on imperfect competition typically focus on analyzing one market, ignor-
ing potential interaction with input suppliers (or business customers). Yet, there
exists almost no market in which a producer directly sells to its customers. But
there is little knowledge on how large the potential mistake is if one ignores this
competitive interaction.

Vertical market structures are the focus of attention in the context of vertical
mergers and their welfare implications. A drawback of this literature is that in
order to be able to analytically solve the model at least one of the two markets,
upstream or downstream market, is modelled in a very simplified way, with an
exogenous number of firms and homogenous products.

In this paper we provide a general model of successive oligopolies with en-
dogenous market entry. The key advantage of our model is that despite being
more general than existing models it can still be solved analytically, rather than
having to resort to numerical solutions. In this model we allow for varying de-
grees of product differentiation as well as different entry cost, reflecting different
competitive environments in both markets. Thus, we can use the model to explore
the endogenous two tier market structure as a function of both product differenti-
ation and entry cost in both markets.

With this model we want to address three groups of questions.

1. How do input and output markets interact, i.e. how does the market struc-
ture in one market depend on the market conditions in the other market? In partic-
ular, we examine the possibility of multiple equilibria in the overall market struc-
ture arising from the interaction between two layers of markets .

2. Do upstream and downstream market conditions have symmetric or asym-
metric effects on each other? In particular, we want to know which market con-
ditions matter more for the overall market performance and welfare, those of the
upstream or those of the downstream market.

3. How large is the mistake one makes in the welfare analysis when focussing
on the market conditions of one market alone instead of considering the potential

interaction between markets? In particular, we are interested in finding out what



determines the size of this mistake and how it depends on the market conditions
in both markets.

The idea of our theoretical approach is to model each market like a Salop cir-
cle, with price competition and transportation cost that reflect different degrees
of product differentiation. Such a market is straightforward to analyze if demand
is continuous. For downstream markets selling to a large number of consumers
this assumption is innocuous. For the upstream market, where demand is gener-
ated by a finite number of input buyers, the analysis is less straightforward. The
innovation of our model is to find a demand specification that makes demand in
the upstream market continuous, despite the small number of buyers, and hence
allows us to use the first order condition approach. Still, analytically solving the
model becomes extremely cumbersome. However, using symmetry arguments we
can in fact find analytical solutions to the model that look surprisingly simple.

More specifically, we can derive the following results:

Firstly, our analysis reveals that the interaction between the two markets mat-
ters indeed for the overall two tier market structure. For instance, the zero profit
condition in the downstream market can be fulfilled with both a large number of
suppliers in both markets and a small number of suppliers. One might expect that
this kind of interaction could give rise to multiple equilibria. Surprisingly, how-
ever, we find that there always exists a unique equilibrium, i.e. the overall market
structure is uniquely determined by the exogenously given product differentiation
and entry cost.

Secondly, we find next that upstream and downstream markets interact asym-
metrically. For example, a higher number of upstream firms (caused by a reduction
of market entry cost) always leads to a higher number of downstream firms while
the reverse does not hold true. Furthermore, we show that the overall market
outcome is dominated by the competitive conditions in the downstream market
since the degree of competition in this market constrains upstream prices while
the competitive pressure in the upstream market has less impact on downstream
prices.

Thirdly, we find that the effect of varying downstream market competition as



measured by product differentiation on the number of downstream firms is always
underestimated when the interaction with the upstream market is ignored. For
instance, stronger competition on the downstream market reduces also the profit
and thus the number of upstream firms which in turn causes higher input prices
and transportation costs for the downstream firms, causing a further reduction in
the number of downstream firms. We characterize conditions under which this
effect is particularly strong and find that this is less likely to be the case, the more
similar the competitive environment in both upstream and downstream market.

The existing literature that deals with vertical market structures is mostly in-
terested in the question under which conditions vertical integration arises and
whether it can be welfare enhancing or welfare reducing. To this end a realis-
tic description of successive markets is needed. In most parts of this literature
the basic markets, upstream and downstream, are modelled in a very simplified
way, with an exogenous number firms in each market and firms producing homo-
geneous products. Moreover, to get some interesting implications with homoge-
neous goods, the papers usually assume competition a la Cournot (see for exam-
ple, Greenhut and Ohta (1979), Salinger (1988), Gaudet and van Long (1996), or
Abiru, Nahata, Raychaudhuri, and Waterson (1998).)! Ordover, Saloner and Salop
(1990) or Chen (2001) allow for price competition in the vertical integration frame-
work. But to keep the model simple they firstly assume homogeneous products
in the upstream market resulting in perfect Bertrand competition and secondly re-
strict the number of downstream firms to two. They show that in this framework
it is possible to generate asymmetric equilibria in which one firm is integrated and
the other one not.

A paper that has a similar structure as our model is Ghosh and Morita (2005).
They allow for endogenous entry in the upstream sector and compare the market
outcome with the socially optimal number of firms. They find that insufficient
entry may arise, because part of the profit of an upstream firm is captured by the
downstream firms. In contrast to our paper they assume that products in both

markets are homogenous and that firms compete in Cournot fashion. As a con-

!For a paper that is not interested in vertical integration but also assumes Cournot competition
and considers different brands in the upstream market see Belleflamme and Toulemonde (2003).
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sequence, their paper does not consider varying degrees of competition in both
markets and especially how the competitive conditions of the two markets inter-
act with each other.

To sum up, the literature about vertical market structure so far normally sup-
poses very specific market conditions and often quantity competition but there
does not exist a general framework to deal with the question how vertically in-
terrelated oligopolies work and which market is the dominant one under different
circumstances. On of the reasons for this lack of more generality is that more realis-
tic models quickly become very complicated. The main contribution of this paper
is to provide such a general model that gives intuitive results and may serve as a
framework to deal with other questions like supply chains, as well.

The remainder of the paper is organized as follows. The next Section sets out
the model. In Section 3 we solve for the subgame perfect equilibrium of the model.
Section 4 provides some comparative static results and analyzes the size effect of
ignoring the upstream market. In Section 5 we give a welfare analysis and Section

6 concludes.

2 The Model

Consider an industry with two successive oligopolies, an upstream and a down-
stream market. In the upstream sector firms produce an intermediate good at
marginal cost that is normalized to zero.? The upstream firms sell the intermediate
good to firms in the downstream market and the downstream firms transform the
intermediate good on a one-to-one basis to output at zero costs.’

There is free entry in both sectors but all firms that enter in the upstream mar-
ket must incur a fixed set-up cost of F,, while firms entering in the downstream
market must incur a fixed set-up cost F;. We will determine the number of firms
that enter in each sector and denote the number of upstream firms by m and the

number of downstream firms by n.

2This normalization is without loss of generality and the qualitative results stay unchanged if
we assumed constant marginal cost of ¢, > 0.

3 Again this normalization is without loss of generality and assuming positive marginal costs of
cq > 0 would only increase downstream prices but not alter the qualitative results.

4



An upstream firm i sells its intermediate good to the downstream firms at a
linear price that is denoted by r;,7 € (1,...,m).* Similarly, a downstream firm j
sells the final good to the consumers at the price that we denote by p;,j € (1,...,n).

First, we describe the downstream market. We model the downstream market
in a similar way as Salop (1979). There exists a continuum of consumers of mass
1 that is uniformly distributed on a circle with unit circumference. Consumers
incur a transportation cost ¢; per unit of distance. We assume that the consumers’
gross utility of the differentiated good is sufficiently high such that all consumers
buy for the range of prices considered. The n downstream firms are equidistantly
distributed on the circle with distance 1/n between each other. So the marginal
consumer between firm j and j + 1 lies at distance x,, from firm j, with

1 PP

Tm =5, T

When setting its price p;, firm j does not know from which upstream firms its two
neighboring downstream firms buy the intermediate good and so it does not know
the prices they face for the input. Since the prices for the intermediate good influ-
ence the final good prices, downstream firms that buy from different upstream
tirms might set different final good prices. Thus, firm j must form expectations

about the prices of its rivals and so its expected demand is given by

1, Elpj]+ Blpjni] — 2p;

E\D;| =
[ ]] n Qtd

We will spell out later how these expectations are formed.” Consequently, the
expected profit of firm j in the downstream market when buying its input from

upstream firm £ is given by

1 Elpj_i| + E|pj+1] — 2p;
E[H;?(pjarbpj17pj+1)]:(pj_7ak)<n+ [Jl] Qt[dJH] J)-

Now let us turn to the upstream market. Here again, we consider a Salop

“For models that look at non linear prices in a vertical relationship, see Hart and Tirole (1990)
or the survey by Rey and Tirole (2006).

SFor models that have this similar structure see e.g. Aghion and Schankerman (2004) or Syver-
son (2004).



circle on which the upstream firms are located with equal distance 1/m from each
other. In contrast to the downstream market there is no continuous demand from
consumers since only the n downstream firms buy in the upstream market. When
buying from upstream firm k a downstream firm j faces per unit cost of r; for the
intermediate good and additionally a fixed cost, that is given by ¢, |z; — xx|, where
t, is the transportation cost in the upstream market and |z; — x| is the distance
from the location of firm j to the location of firm % in the upstream market. These
costs reflect how well the intermediate goods fit the particular needs of the final
good producer. For instance, the characteristics of the intermediate good provided
by firm £ may not exactly fit the technology of firm j and so firm j must costly
reposition its machine or must incur some other fixed cost of changing the input

good.® Thus, firm j buys from upstream firm k if
E[Hf(pjﬂ”k’pj—bpjﬂ)] — tylr; — 28] >

E[H§(pj7riapj—1,pj+1)] - tu|l’j — ] Vi# k.

We assume that at the time when an upstream firm & decides about its price for
the intermediate good it does not know the locations of the downstream firms. In-
stead, its expectation of the location of a downstream firm is uniformly distributed
over the whole upstream circle. The advantage of this particular demand specifi-
cation is that it avoids dealing with discontinuities in demand.” As a consequence,
the probability that firm k puts on the event that downstream firm j buys its inter-

mediate good is given by?®

(1)

o — (1 2E(IT7] — E[TQIZI] - E[HTI]).

We consider the following three stage game. In the first stage a large number

of firms can enter either in the upstream or in the downstream market at the re-

®One can also imagine that firm k is a producer from abroad and so firm j needs some instruc-
tions to correctly handle the input that results in additional costs for firm j.

7For an in-depth discussion of that problem, see e.g. Gabszewicz and Thisse (1986).

8For the sake of notation, here and in the following we abbreviate E [H; (pj,7i,Pj—1,Pj+1)] by
E[IL].



spective entry costs F, or Fy. After entry both upstream and downstream firms
are distributed with equal distance in their respective markets. At this point of
time, the location of the downstream firms as customers in the upstream market is
still uncertain and each downstream firm can be distributed over the whole circle
with equal probability. In the second stage upstream firms set their prices r;. Then
downstream firms learn their position in the upstream market and choose their
preferred supplier of the intermediate good. In stage three, downstream firms set
prices in the downstream sector.

To make the problem interesting we finally assume that the fixed set-up costs
are low enough such that in both sectors at least two firms enter. It turns out that

this is fulfilled if F; < % — % and F, < %

3 Solution to the Model

In this section we solve for the equilibrium upstream and downstream prices and
for the number of firms that enter in both markets. We solve the game by back-

wards induction.

Downstream Market

In stage three, downstream firms consider which prices to set, given the num-
ber of firms in each market, n and m and also the upstream prices 4, k € {1,...,m},
that have been determined in the first two stages. The overall expected profit of a

downstream firm j that buys from upstream firm % is given by

1 Elpj_i| + Epj+1] — 2p;
E[Hf(pjarkvpj—lapj—i-l)]:(pj_ck)<n+ pii 25%1] ’

) — ty|z; — x| — Fu

(2)
Firm j does not observe where its two neighboring firms j — 1 and j + 1 buy its
input and has to form expectation about their input prices because different input
prices may lead to different output prices. Since downstream firms are otherwise

symmetric different input prices would be the only reason why their output prices



might differ. Downstream firm j does not know the location of its rivals in the up-
stream market and so the probability that it places on the event that downstream
tirm j — 1 or j + 1 buys from upstream firm i is given by ¢;. As a consequence, the

expectation of firm j for E[p,;_1| and E[p;;:] is the same and is
Elpj-1] = Elpj] = Elp—j] = Z Qk:p’ij,
k=1

where p - is the price of firm —j when it buys from upstream firm k. Now max-
imizing (2) with respect to p; for all j € {1,...,n} and solving yields a general
formula for the price of downstream firm j when it buys from upstream firm i,

that is given by

P= g (ST 2 - — —
p; = + it (; Tk — Th—=1 — Tk+1 ) + om 2=

K
2,
These downstream prices are still dependent on the profit IT§. Plugging these
prices into the profit function of a downstream firm gives its profit dependent on r;
and ¢;, i € {1, ...,m}. Since the probabilities ¢;, i € {1, ..., m} are solely functions of

the downstream profit, one can solve for these probabilities. Routine but tedious

calculation show that they are given by

1
q = < o )
> ri(rk — rrs1)tutan

k=1

2 1 ks
(ntiti + ntuti(ciiy + ciy1 — 2¢;) — tutdn< Z rr — (m — 1)77)—1—
m m k=1,j#i

n 3n 5n
4( Z e — z) 3 75 (riga i) — gri(ﬂzﬂ +7r7 ) n Z TETk+1—

k=1,j#1 k=i+1
n n 1 1
_§T1'2+1Ti+2 3 T — kZZ;LQ”Tk(Q 87“k+1 87’k+1>>- (3)

i—2

Here, e.g. >~ means that if for example i = 5, the sum goes from k£ = 7,8, ...,m
k=i+2

and then continues with £ = 1 and ends at k£ = 3. If e.g. m = 3 then this sum does

not exist and is equal to zero.



Plugging these probabilities back into the profit functions yield a general for-
mula for the quantity that downstream firm j buys from upstream firm ¢ which

is

xi = m
tan kgl Te(Tk — Thy1) + 2tuty

<2tutd T}lttdn< Z ry — (m—1)r ) 4< Z ry — )

k=1,j#i k=1,j#i
3n 5n
2 2
8 (Tz+1+7”z 1) — gh’(riﬂﬂLU 1 7”1 Z TETk+1—
k=i+1

n n 1 1

2 2

_§Ti+1']"l'+2 — g?"iilrifg Z nrk< grk+1 — 8Tk+1>>. (4)
k=i+2

Inserting the profit functions back into the the pricing formula gives a general

formula for the downstream prices dependent on the upstream prices

1
1;1 Tk(TE — Try1) + 2tuty

2t, t2 m 5
Z Tk Z T + th td ( Z ’I"krk+1) — g?”?(?”lurl -+ 7”1;1)"‘
m k=i+1
1, 1, L 2
+§7’i+1 (37”1 -+ T’i+2) + g?“ifl(?)?”i — T 2 Z Z 2Tz Tk—1 — T’k+1) . (5)

Having now solved for the downstream prices we proceed to the second stage,

where prices are determined on the upstream market.
Upstream market

The profit of an upstream firm i is its price r; times the quantity that it sells
to any of its buyers x; times the probability that it sells to any of the downstream

firms. This can be written as

n

E[R’](n,nq,nﬂ) = Tixi(riari)<<1>qi(1 — ql.)nfl + 2(2) qi2(1 . qi>n72_‘_ (6)



+...+(n_1)< >qy1(1—qi)+nq;> —F,.

n—1
The intuition behind this equation is probably easiest to grasp when considering
the case n = 2. In this case there is a probability that no downstream firm buys
from upstream firm i which is given by (1 — ¢;)?. The probability that exactly one
firm buys is given by 2¢;(1 — ¢;) and lastly the probability that both downstream
firms buy is given by ¢?. In this last case firm i sells two times ;. Extending this
line of reasoning to the n firm case yields the last term of the right hand side of (6).

Rearranging terms gives

"o (n\ . o
E[H](T“ Ti—1, ri—l—l) = Ti$i(ri’ T_i) (Z <]>qu(1 - qz) ]> B Fu
j=1
We may use a modification of the Binomial Theorem”’ to rewrite the profit func-

tion as

n—1
EP)(rs, ric1,miq1) = rixi(rs, 7—i)ng; <Qz‘ + (1 - ql)> =rizi(ri,r_i)ng — Fy,.  (7)

We now can substitute (3) and (4) in the last equation. Maximizing the profit func-
tion for all upstream firms i € {1, ..., m} with respect to r; gives the reaction func-
tions of firm i dependent on 7,_; and r;;,. Solving them for the upstream prices
gives after cumbersome but routine manipulations the symmetric equilibrium up-

stream prices. They are remarkably simple and are given by

N tutan 2t tamn ()
r* = = .
f: tun? oy tun?(mo— 1) + 2m2ty
2j(j—1) " "M

=2

The equilibrium upstream prices can now be inserted into the formula for the

downstream prices to get

. td <mtd + tun (1 + Z 2] >> 2m2td + t n (3m 1))
p = .
(mtdmm( )) n(@mPty + tyn(m — 1))

9Recall that the Binomial Theorem says that Z ()& W) = (y+2)™

©)
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Having solved for the equilibrium prices in both stages we can now proceed to the

first stage and determine the equilibrium number of firms in both markets.

Entry Decision

Inserting the equilibrium prices in the profit functions yields that the expected

profit of a downstream firm j is given by E[II;] = X4 — f» — F; and the expected
2ty tygn
tyn?(m—1)+2m2ty

profit of an upstream firm i is E[P;] = % - F, = — F,. As a conse-
quence, the equilibrium number of firms, n* and m*, are the integers that simulta-

neously solve the two inequalties™

tq ty
— —F;>0 10
(n*)2  4m* 4= (19
and
2hutan F, > 0. (11)

tu(n*)2(m* — 1) +2(m*)2ty =

The question is if this equilibrium exists and if it is unique. Given our assumptions
on Fy and F, above it is always optimal for at least two firms to enter in each
market if there are also two firms in the other market. Thus we can be sure that
there will always be an equilibrium in which at least two firms are active in both
markets. It remains to show uniqueness of the equilibrium. To this end we first
determine the iso-profit-lines of a downstream and an upstream firm, such that
profits are equal to zero. For a downstream firm it is given by

o t,(n*)?
om* 4t (m*)2

> 0, (12)

while for an upstream firm it is given by

on*  n*(ty(n*)? + dtgm*)
om*  (n*)2(m — 1) — 2(m*)%ty’

(13)

The sign of (13) is ambiguous and depends on n*. If n* > tit(drf:f*_)f) the right hand

side of (13) is negative while it is positive if the reverse holds true. Thus, multi-

19Tn The following we will ignore the integer problem for the sake of exposition
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Figure 1: Equilibrium number of firms, n* and m*

ple equilibria can only exist if the two functions cross more than once. But from
the above this can happen only if the slope of the iso-profit-line of a downstream

firm is steeper than the one of an upstream firm in the region in which the latter

2t4(m*)?

increases. But it is easy to show that this can never be the case for n* <, /7€ =—.

Thus, the equilibrium is unique. Figure 1 displays the equilibrium where D’ is the
iso-profit-line of a downstream firm and U’ the iso-profit-line of an upstream firm.
Thus we have shown the following result.
Proposition 1
In the unique subgame perfect equilibrium of the three stage game the number of

entering upstream and downstream firms, n* and m*, is implicitly defined by

ta te
(n*>2 Am*

d

and
2tutdn* o
tu(n*)2(m* — 1) + 2(m*)2ty

F,.
Upstream firms charge a price of

2t tam* n*
ty(n*)2(m* — 1) + 2(m*)%ty’

r* =

12



while downstream firms charge a price of

_ ta(2(m*)%tg + tu (n*)*(3m* — 1))
n*(2(m*)%tg + tu(n*)2(m* — 1))

*

One can observe from the equilibrium prices that the degree of downstream
competition enters the equilibrium upstream price in almost the same way as the
degree of upstream competition. This shows that downstream competition also
confines the upstream prices. On the other hand, the opposite is not true. So even
if upstream prices are close to marginal cost downstream prices might be above

marginal costs if the degree of competition is low there.

4 Interplay between Upstream and Downstream Mar-

ket

4.1 Comparative Statics on Entry Costs and Transportation Costs

In this section we analyze the interplay between upstream and downstream mar-
ket. We are especially interested in how the number of firms and the degree of
competition (expressed via the transportation costs) in one market affects the other
market. We start by considering the number of firms. This number is endogenous
in our model and is determined by the magnitude of the set-up costs. So we first

analyze how n* and m* change with F, and Fj}.

Proposition 2
(i) The equilibrium numbers of upstream and downstream firms, n* and m*, are
decreasing in F;,.

(ii) The equilibrium number of downstream firms, n*, is decreasing in Fy; while the

e . . . . . . . *)2
equilibrium number of upstream firms, m*, is increasing in Fj; if n* > t2t(d$7)l)
. ey . . . * Qtd(m*)2
while it is decreasing if n* < |/ =t
uw(m*—1)

Proof

We start with proving (i). Differentiating (10) with respect to m*, F,, and taking

13



into account that n* might also vary with F), gives

2t gt n*(t,(n*)? + 4m*ty)

* m* 2
(tu(n*)2(m — 1) 4+ 2(m*)?tq)? ( u(n* ) (m* - 1)+ 2(m*)2td) dF,
Totally differentiating (11) with respect to n*, F,, and taking into account that m*
might also vary with F, yields

t t, dm*
4 _dn* +

_2(n*)3 4(m*)2d7Fu

dF, = 0.

Solving the last two equations simultaneously for dﬂ and & - gives

dm A () mt — 1 At (20 Pram® 1) + Ar3m))
o ta (Btuta(n)2(m)2 4+ 3263(m) + () (s — 1)13)

and

dnt (P () 0 = 17+ At () (0 Plalmt — 1)+ 425
o 21, (6, ()2 ()2 + 3203(m" )2 + () (mx — 1)22) |

where the last inequality sign follows from the fact that m* > 2.
Now we turn to case (ii). Proceeding in the same way as above, namely totally

differentiating (10) and (11) and solving the resulting equations simultaneously

gives
dn* 4(n*)3(m*)? (tu (n*)* + 4m*td) 0
= — - <
dFy 6ty ta(n*)2(m*)? + 32t2(m*)3 + (n*)*(mx — 1)t2
and
dm* AP0 (L (n*)2(m* = 1) = 2(m*)ty)
dFy; — 6tuta(n*)2(m*)2 + 32t3(m*)3 + (n*)4(mx — 1)t2
It is obvious that dm >0ifn* > Qtd(m*) and L < 0if < ) Ralmt)?

tu(m*—1)"
g.e.d.

The proposition shows that an increase of the entry costs in the upstream mar-

ket reduces the number of firms in both markets while the same does not necessar-

ily hold true for an increase in the set-up costs in the downstream market. The first

result is very intuitive. If upstream entry costs increase the number of upstream

14
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tirm decreases in equilibrium. Thus downstream firms in expectation face a larger
travel distance to their nearest upstream firm and so face higher costs. This also
results in smaller number of downstream firms.

The second result deserves more explanation. That the number of downstream
firms decreases if the entry costs in the downstream market increase is obvious.
But this decrease now has two effects on the profit of an upstream firm. Since
there is a smaller number of downstream firms competition in the downstream
market is less fierce. Thus a downstream firm’s demand would be reduced by a
smaller amount if its input supplier would charge a slightly higher price than the
input supplier of its neighboring downstream firms. This induces a positive effect
on upstream prices and also on upstream profits. On the other hand, if there are
less downstream firms there is also a negative effect on upstream prices. The rea-
son is that demand elasticity of an upstream firm increases. With a small number
of downstream firms each of these firms has a relatively high market share and so
buys a relatively large number of input goods. Thus, if an upstream firm increases
its price it runs the risk of losing a buyer with a large demand in contrast to the
case with a high number of downstream firms in which demand reduction would
be small. This induces downward pressure on upstream prices. The proposition
shows that the first effect is dominating if n* is large because in this case compe-
tition in the downstream market would become fiercer and fiercer if F,; decreases
while the demand elasticity effect is small. The opposite is true if n* is small. In
this case if F;; decreases demand elasticity is reduced by a relatively larger amount
compared to the case if n* is high.

We now turn to the case of differing degrees of competition. Here we get the

following result:

Proposition 3
(i) The equilibrium number of upstream and downstream firms, n* and m*, are
both increasing in ¢, .
(ii) The equilibrium number of upstream firms m* is increasing in ¢, while the

equilibrium number of downstream firms n* is decreasing in ¢,,.
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Proof
The proof proceeds by similar lines as the proof of Proposition 2. First we start

with analyzing the effect of ¢,. Differentiating (10) with respect to m* and ¢, gives

2t gt n*(t,(n*)* + 4m*ty) 2t2(n*)3(m* — 1)

-2 dm* dtq—
(2 — 1) + 2m P2 (2 — 1)+ 2(m )
(a7 1) = 2m P
(tu(n*)2(m* = 1)+ 2(m")2tg)?  dtq
while differentiating (11) with respect to n* and ¢, gives
o ta gy 1 dty + t, _dm dty = 0.

(n*)3 (n*)? A(m*)? dty

Solving the last two equations for dL and % - gives

dn* _ ()2 (m* = 1) + A(m*)Pta(4m*ty + (n*)?,)) »
dia ty((n)*2(m* — 1) + (m*)2ta(dm*ta — (n*)?t,) )

and

dm* (m*)?(8ta(m*)? = 3t (n*)*(m* — 1))

dtg — (n)42(m* — 1) + (m*)2tq(dmrty — (n*)%t,)

It is easy to show that the right hand side of the last equation is always bigger than
zero at the equilibrium values m* and n* defined by (10) and (11).

Now we turn to the analysis of ¢,. Proceeding in the same way as above,
namely differentiating (10) and (11) gives

dn* (n*)?)m*((nstar)2tu + 2m*td)

- = <0
dt,, Gty ta(n*)2(m*)? + 32t2(m*)3 + (n*)*(m* — 1)t2

and
dme () (mr = 1)+ 2(m*)Pta(8mty — tu(n*)?))

= > 0.
diu t,(6t,ta(n*)2(m*)2 + 3263(m*)3 + (n*)4(m* — 1)¢2)

g.e.d.

This shows that a smaller degree of competition in the downstream market in-
creases the number of firms in both markets. The intuition behind this result is the

following. First look at the degree of competition in the downstream market. It is
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very intuitive that if ¢, increases that also the equilibrium number of downstream
firms increases. But with an increasing ¢, also upstream prices increase as can be
seen from (8). The reason is that an upstream firm that charges a higher price does
not lose so much demand as with a low ¢,. This is because the disadvantage for
a downstream firm that buys from this upstream firm is less severe since the de-
gree of competition in the downstream market is smaller. Since this effect holds
for all upstream firms, upstream prices and therefore upstream profits are higher
and this leads to further entry in the upstream market. This again reinforces en-
try in the downstream market leading overall to a higher number of firms in both
markets.

On the other hand, the smaller the degree of competition in the upstream mar-
ket the bigger is the number of upstream firms but the smaller is the number of
downstream firms. These results are very intuitive. If competition in the upstream
market becomes less fierce higher profits can be reaped in the upstream market
and so more firms enter. But if ¢,, increases the cost of a downstream firm increases
because the transportation costs increase. This effect is partly offset by the increase
in upstream firms that reduces the travel distance. But the direct effect of increased
transportation costs always dominates and so fewer downstream firms enter the
market.

This shows that the degree of competition in the downstream market affects
the number of firms in both markets in the same direction while the opposite holds
true for the degree of competition in the upstream market. The reason is that the
level of downstream competition crosses over from the downstream market to the
upstream market and enters the pricing formula of upstream firms positively. Con-
versely, the level of upstream competition enters the cost function of downstream

firms and so reduces their profits.

4.2 Comparison with the Single Market Model

Economic models very often do only analyze the downstream market, in which the
final products are sold to consumers, completely ignoring the upstream market. So

it therefore of interest how large the mistake is that one makes when ignoring the
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upstream market. This is characterized in the next Proposition.

Proposition 4
(i) The magnitude of % is always undervalued when one ignores the upstream
market.

.o . * . .
(ii) The magnitude of % can either be over- or undervalued when one ignores

the upstream market. It is undervalued if n* < ft(d;Ti)f) while it is overvalued if
2tg(m*)2
2 e
Proof

Considering a standard model of circular competition with symmetric firms
and ignoring the upstream market yields the standard formula that all down-
stream firms charge an equilibrium price of p’ = ¢/ + 14, where ¢/ are the marginal
costs that downstream firm j faces. Thus, each firm receives a demand of 27 = n%,
where n' is the equilibrium number of firms. The equilibrium profit of a down-
stream firm is given by Il = (TL’%)Q — F; and number of firms is given by (ntfd)z —F,; =
0. Thus the change in the equilibrium number of firms when ¢, and F;; vary is given

by
dnt nt
—— >0 14
at, 24, (14)
and
dn+ (nt)?
- _ 0. 15
dF, 2%, (15)

To evaluate, if ignoring the upstream market under- or overestimates the magni-

f an

tude o el

we have to start from the same equilibrium number of downstream
firms, so n* = n* = n. Now comparing (14) with % reveals that the latter one is

bigger if
n(n*2(m* = 1)+ 4(m*ta(dm*te + n’t,) )

n
> _
t (n%%(m* — 1) + (m*)2ta(dmrty — thu)) 2t

or
n(n%i(m* — 1) + (m*)?*t4(28m*ty + 9n2tu))

2ta(n2(m* — 1) + (m*)2ta(4m*ty — nt,))

> 0. (16)

Since both the numerator and the denominator are positive this always holds true
and so ignoring the upstream market underestimates the magnitude of %.

Proceeding in the same way and comparing (15) with ZLF; yields that % is of
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dnt

larger magnitude than 7

when starting from the point n* = n* = n if and only if

2tq(m*)?
tu(m*—1)°

n* <
g-e.d.

The first result shows that the effects of a changing degree of competition is
always underestimated when one ignores the downstream market. The intuition
is easy to grasp from Proposition 3. Since the degree of competition in the down-
stream market also affects upstream prices and profits it changes the number of
upstream firms. If downstream competition becomes fiercer this crosses over to
the upstream market in which fewer firms enter. This in turn increases the trans-
portation costs for downstream firms and reinforces the effect of a lower entry.

Our second result shows that the effect of varying downstream entry costs can
be over- or underestimated when ignoring the downstream market. It is underes-
timated when we are in the increasing part of the U’-curve in Figure 1 because here
the change in m* goes in the same direction as the change in n* and so reinforces
the latter.

Concerning the first result of the last proposition an interesting exploration is
under which conditions the underestimate is especially high. The answer is given

in the following Corollary.

Corollary 1
The magnitude of the underestimation of % is increasing in ¢,, and decreasing in
tq and m*.

Proof

The magnitude of this underestimation is given by (16). Now differentiating
(16) with respect to m* yields
n3m*t, (32(m*)3t3 — 12n°m*t,tq(2m* — 3) — 5ntt2 (m* — 2))

_ 5 < 0,
(n*e2(m* = 1) + (m*)?ta(4m*ty — nt,))
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while differentiating (16) with respect to ¢, yields

n? (m*)? (32(m*)*13 — (24n?m*tuta + 5n't2)(m* — 1)) .
— > U.
<n4t2(m* — 1) + (m*)%*ta(4m*t, — thu))2

u

Lastly, differentiating (16) with respect to ¢, yields

n(nSti(m* — 1) + 8n°t3(9n? + 14m*ty) — 2n°(m*)?t3tg(m* — 1) — n*(m*)3623(25m* — 16))

2
262 (mA2 (m* — 1) + (m*)2ta(dm*ty — nt,))

The respective inequality signs follow when evaluating the three expressions

at the equilibrium values n* and m*.
g.ed.

The result with respect to m***" and ¢, is an intuitive one. If competition in the
upstream market is low, which means that either m***" is small or that ¢, is high, the
upstream market matters a lot for the competitive conditions in the downstream
market. Thus, the mistake that one makes in this case when ignoring the upstream
market is big. On the other hand, this mistake is also big when the degree of
downstream competition is high which means a small ¢,. The reason is that since
competition is fierce small changes in the upstream prices can have large effects on
the downstream market. To the contrary if ¢, is high the mistake of ignoring the
upstream market would be small since the equilibrium number of downstream
firms is mainly determined by ¢; and not by the upstream market conditions.

Summing up this section has shown that there is generally a problem when one
only looks at the downstream markets ignoring previous layers in the production
chain. Especially the result concerning the degree of downstream competition may
provide a warning to policy makers who want to induce fiercer competition in the
downstream market. It shows that such a policy can easily lead to overshooting

since the effect on entry is usually reinforced via the upstream market.

20

< 0.



5 Welfare Analysis

In this section we analyze if the equilibrium number of firms that enter in both
markets is socially optimal. It is well known from the papers by Salop (1979) and
especially Mankiw and Whinston (1986) that in models of horizontal differentia-
tion too many firms enter because a single firm does not take into account that
it steals demand from its rivals. The question if still holds in a market in which
the vertical structure is explicitly modelled. A recent paper by Ghosh and Morita
(2006) casts doubt on that. In their model firm s produce homogeneous products
and compete in quantities in both stages.!! They show that there might be insuf-
ficient entry in the upstream market because an entering firm cannot reap the full
gain from entering since a downstream firm also makes some profits. We show
that this is no longer true in our model.

The welfare function is given by

1
T
rrlngbl nky +mkF, + td /xdx + ty n / a:dx) = (17)
7 0 0
tq t
mln nkF;+mF, + — + P
dn  4dm

Here the first and the second term are the fixed set-up cots while the third and
the fourth term are the transportation costs in both markets. Form the first order
condition we get that the socially optimal number of firms n and m are implicitly

given by the the following two equations,

Fu= b= e (18)
and
Nty
F, = yret (19)
Recall that the equilibrium number of firm is given by F; = (7%4)2 — 42 and
F,= oL &ﬁf‘fﬁmw? - In the following Proposition we compare the two values.

PFor a model that is concerned with welfare implications and analyzes price competition in the
downstream market but a monopolistic supplier in the upstream market, see Kuhn and Vives (
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Proposition 5 The socially optimal number of firms in both markets is smaller

than the equilibrium number of firms, 7 < m* and n < n*.

Proof
We first show that i < m*. The proof proceeds by way of contradiction. Solv-
ing (18) for the socially optimal number of downstream firms dependent on the

mty
AmFg+ty

number of upstream firms gives n = . Inserting this in (19) yields

ly mtg
42\ AmFy +t,

F, =

Proceeding in the same way for the equilibrium number of firms reveals that n* is

given by n* = 2,/ 4mT;ii i, and that m* is implicitly defined by

o At ) i (Am* Fy 4 t,,)

© om*(4t (m* — 1) + 2t,m* + 8(m*)2Fy)’

*

Now suppose that would be m = m* = m. If this is the case the profits of an
upstream firm in equilibrium and under social efficiency must be the same,

Ay 4m?§itu (4mEy + L) _ mtg (20)

m(4t,(m — 1) + 2t,m* + 8m2Fy)  4m2\ dmFy;+t,

Routine manipulations of (20) shows that this can only be the case if
56m*F; + 10mt,, + 4t, = 0.

But since m > 2 and Fj,t, > 0 this is a contradiction. This shows that the left
hand side of (20) is always bigger than the right hand side. As a consequence the
equilibrium profit of an upstream firm is always bigger than its profit under social
efficiency and so in equilibrium too many upstream firms enter the market.

Now we show that 72 < n*. Solving (19) for 1 gives 7 = 3,/%. Inserting this
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into (18) reveals that n is implicitly defined by

R

Fy

Proceeding in the the same way for the equilibrium number of firms shows that

m* is given by

o Fdtan (Bt (n*)? + 8Ftgn* + 1613) — Fyt, (n*)?
B 4F,tq '

m

Thus, n* is implicitly defined by

td Futat,
(W) Fdan®\[Futu(n®)? + 8Fytan* + 16t5 — Fyty(n*)?

Fy=

As before suppose that 7 = n* = n. This could only be true if the profit of a
downstream firm in equilibrium and under social efficiency would be the same,

namely if

ty tuFu - td Futdtu (21)
2 2/Figun (1) Rt /Ft,n® + 8Futan + 1615 — Fut,n?

But it is obvious that the first term of the right hand side of (21) is bigger than the
tirst term of the left hand side. Moreover, subtracting the second term of the left

hand side from the second term of the right hand side gives

F tqt, tFy
\/Futun\/ Futyn3 + 8F,tyn + 16t — F,t,n? 2V Eytun

Futu(Futun® + 2tay/Fotun — \Ftun(Fut,n® + 165+ 8F,tan) )

<0.
2v/Futun (\/Futun(Futun® + 8F,tan + 16t3) — F,t,n?)

As a consequence the left hand side of (21) is always bigger than the right hand

side and therefore n < n*.
g.e.d.

This result shows that the well-known intuition that too many firm enter because
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of the business stealing effect is confirmed even if one considers explicitly the ver-
tical relationships in a market. It also points out that the recent result of Ghosh
and Morita (2006) is not a general one and does not hold for any kind of model
about successive oligopolies. The mode of competition (prices or quantities) and

the exact structure of vertical relationships is equally important for the result.

6 Conclusion

In this paper we have provided a model of successive vertical oligopolies that
allows for endogenous entry and varying degrees of competition in the upstream
and in the downstream market stage. We have shown that there exists a unique
equilibrium two tier market structure. Furthermore, we have shown that upstream
and downstream markets affect each other asymmetrically and that the overall
market outcome is dominated by the competitive conditions on the downstream
market. Finally, we found that the consequences of varying degrees of competition
on firm entry in the downstream market are underestimated when one ignores the
upstream market. The more different the competitive environment in upstream
and downstream market, the larger is this underestimation effect.

In the light of these results, an interesting question to ask is how production
processes evolve, i.e. what determines which market is upstream, which is down-
stream. While in most manufacturing processes there seems to be a natural order
of production stages this does not necessarily predetermine who is buying inputs
from whom. The results of our paper suggest that this organizational issues matter
for the overall market outcome.

Throughout the paper we have restricted attention to analyzing the two tier
market structure of an upstream and a downstream market. In principle, the
model could be extended to a multi-layer market structure. There is no reason to
expect that the results would change dramatically if one allowed for more stages
of production.

A natural extension of the model would be to allow for vertical mergers. Along

the lines of the present paper, interesting questions to ask would be how the en-
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dogenous two tier market structure evolves if vertical mergers are allowed. Fur-
thermore, it would be interesting to investigate to what extent the welfare impli-
cations of vertical mergers depend on the upstream and the downstream market
conditions. Given the asymmetric nature of firm competition in case of vertical
mergers, such an analysis becomes considerably more intricate and must be left

for future research.
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