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Abstract This article examines the impact of input prices on an entrant’s make-or-
buy decision and on the subsequent social welfare level for three alternative models of
downstream competition. For each particular model, it derives the range of input prices
that induce the entrant to undertake: (a) the productively efficient make-or-buy deci-
sion; and (b) the socially optimal make-or-buy decision. The main conclusion of this
article is that the entrant’s efficient make-or-buy decision is always socially optimal in
the case of the Hotelling model, is socially optimal for the set of input prices that induce
the entrant to undertake the efficient decision in the case of Cournot competition and
is not necessarily socially optimal in the Bertrand vertical differentiation model. Last,
this article examines the conditions under which the efficient and/or socially optimal
make-or-buy decision undertaken by an entrant fulfills the regulatory two-fold goal of
promoting service-based competition and encouraging facilities-based competition.
Therefore, this article also provides the optimal access pricing policy that results in
the best feasible outcome in terms of social welfare, productive efficiency, competition
level and investment level for a given downstream competition model.
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1 Introduction

The Telecommunications Act of 1996 authorized new suppliers (entrants) of telecom-
munications services to have access to incumbent suppliers’ key network elements at
cost-based prices. The purpose of this policy is “to promote competition and reduce
regulation in order to secure lower prices and higher quality services for (Amer-
ican) telecommunications consumers and encourage the rapid deployment of new
telecommunications technologies”. Hence, the ultimate goal of this unbundling pol-
icy is twofold. First, it aims at inducing service-based competition in the downstream
(retail) market which leads to lower prices, higher quality and higher social welfare.
Second, once service-based competition has been established, it aims at promoting
facilities-based competition which leads to innovation and market growth. Service-
based competition requires mandated access to the incumbent network, whereas facil-
ities-based competition requires investment in network infrastructure by incumbents,
and especially entrants.

The promotion of service-based competition is mainly based on cost-oriented input
(or access) prices, and especially on Long-Run Incremental Cost (LRIC) methodol-
ogy.! The main advantage of this methodology is that it provides the new entrants
with significant incentives to enter the market and, as a result, the consumers enjoy
the short-run benefits from service-based competition. On the contrary, the main draw-
back of this methodology is that it discourages both incumbents and new entrants to
invest in new access infrastructures (the so-called Next Generation Access networks,
or NGA).

Indeed, Jorde et al. (2000) study the impact of cost-based input prices on the incum-
bents’ incentives to upgrade their access network and find that the input prices based
on LRIC methodology discourage incumbents to invest. Ingraham and Sidak (2003)
confirm empirically the result of Jorde et al. (2000). According to Cave and Prosperetti
(2001), the reason for this negative relationship between access regulation and incum-
bents’ investment incentives is that input prices based on LRIC discourage incumbents
to invest in networks because they anticipate that they will be required to offer access
to their rivals at cost-based prices.

In addition, Jorde et al. (2000) show that regulating input prices based on LRIC
methodology encourages entrants to deviate from the socially optimal investment level
and to delay entry. Furthermore, Bourreau and Dogan (2006) show that unbundling
of the local loop may delay facilities-based competition, even in an unregulated envi-
ronment.

Therefore, cost-based input prices cannot induce both effective competition and
investments in new access networks. One of the most known theories for tackling
this trade-off is the so called “ladder of investment theory” proposed by Cave and
Vogelsang (2003). This theory is based on the fact that entrants will typically invest in
replicable assets first and then progress to less replicable ones. Thus, it suggests that at
the initial stage of competition the input price for the less replicable network elements
should be low but increasing over time as assets are replicated. Although this theory

I See Armstrong (2002) and Valletti and Estache (1998) for an excellent and extensive review of the
literature on access pricing.
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has been fiercely criticized by Crandall et al. (2004) and Hazlett and Bazelon (2005),
the EC Recommendation on regulated access to NGA (European Commission 2010)?
stresses that the appropriate array of remedies imposed by an NRA should reflect a
proportionate application of the ladder of investment theory.

The papers closest to ours are Sappington (2005) and Gayle and Weisman (2007a)
which study the impact of different downstream interactions on a new entrant’s profits
when it purchases an essential upstream input from the incumbent and when it makes
the upstream input itself. In particular, Sappington (2005) uses the standard Hotelling
(1929) model of downstream competition to show that input prices are irrelevant for an
entrant’s decision to make or buy an input required for downstream production. This
result is striking since it negates most of the aforementioned studies concluding that
cost-based input prices promote effective competition but discourage both incumbents
and new entrants to invest in new access infrastructures.

According to Sappington, the reason for this result is that previous studies fail to take
into account the impact of a new entrant’s make-or-buy decision on subsequent retail
price competition. When the incumbent sells an upstream input to the new entrant, the
incumbent faces an opportunity cost of expanding its retail output. The incorporation
of this opportunity cost into the incumbent’s total cost makes the incumbent act as
if its upstream cost of production were equal to the specified input price. Therefore,
regardless of the input price, the entrant will choose to buy (respectively, make) the
upstream input whenever the incumbent (respectively, entrant) has an innate upstream
cost advantage. Therefore, the entrant’s decision always minimizes industry costs and
ensures efficient entry and utilization of the telecommunications infrastructure. Thus,
the entrant always undertakes the efficient make-or-buy decision.

After Sappington’s suggestion, Gayle and Weisman (2007a) consider alternative
downstream interactions and show that input prices are not necessarily irrelevant in
the Bertrand vertical differentiation model and are not irrelevant in the Cournot model.
This implies that departure from cost-based input prices may distort the efficiency of
the entrant’s make-or-buy decision.

As a result, Sappington (2005) and Gayle and Weisman (2007a) study the impact
of input prices on the efficiency of the entrant’s make-or-buy decisions. This article
studies the impact of input prices on the social optimality of the entrant’s make-or-buy
decisions under the alternative theoretical settings of Sappington (2005) and Gayle
and Weisman (2007a). First, we make explicit the Sappington’s conjecture that regard-
less of the established price of the upstream input, the entrant always undertakes the
make-or-buy decision that is not only efficient, but also socially optimal. Second, we
explore the robustness of this result in the Bertrand vertical differentiation model and
in the Cournot model. We find that the social optimality of the entrant’s make-or-buy
decision is affected by two crucial factors: (a) the particular level of the price of the
upstream input; and (b) the cost differential between the incumbent’s and the entrant’s
unit costs of producing the upstream input. For this reason, we obtain the range of
both input prices and upstream cost differential that induce the entrant to undertake
the socially desirable decision.

2 See http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:32010H0572:EN:NOT.
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On the social optimality of make-or-buy decisions 241

By combining our results with those of Sappington (2005) and Gayle and Weisman
(2007a), we show that the entrant’s efficient make-or-buy decision is always socially
optimal in the case of Hotelling, is socially optimal for the set of input prices that
induce the entrant to undertake the efficient decision in the case of Cournot compe-
tition and is not necessarily socially optimal in the Bertrand vertical differentiation
model. Therefore, we make regulatory implications concerning the range of input
prices that tackle the regulatory trade-off, while (cannot) result in the most efficient
outcome.

The rest of this article is organized as follows. Section 2 gives an outline of the
basic assumptions and definitions. Section 3 presents the main findings concerning
the impact of input prices on the social optimality of make-or-buy decisions in the
Hotelling model, in the Cournot model and in the Bertrand vertical differentiation
model. The last section compares the results of the three models, summarizes the key
findings and makes regulatory implications. The proofs of all assumptions, lemmas
and propositions are in the Appendix A.

2 Assumptions and definitions

We consider a duopoly case where two suppliers compete according to a particular
model of downstream competition. Each unit of the downstream service requires one
unit of the upstream input and one unit of the downstream input. Each firm supplies
its own downstream input. The unit costs of producing the downstream input are cCII
and cf for the incumbent and the entrant, respectively. Without loss of generality, we
further assume that the unit cost of producing the downstream input is the same for the
two retailers and is set to zero. The incumbent and entrant’s unit costs of producing
the upstream input are denoted by ¢! and ¢, respectively.

The entrant has to decide between buying the upstream input from the incumbent at
aregulated price w and making the upstream input itself. The entrant is understood to
make the efficient make-or-buy decision if it purchases the input from the incumbent
when the incumbent is the least-cost supplier (¢! < ¢E) and produces the input itself
whenever it is the least-cost supplier (c£ < ¢!). In addition, the entrant is understood
to make the socially optimal make-or-buy decision if it chooses to buy (respectively,
make) the upstream input when this decision leads to higher social welfare level than
its decision to make (respectively, buy) the upstream input. The timing of the game
is as follows. First, the regulator sets the input price w. After observing the input
price, the entrant decides whether it will buy the upstream input from the incumbent
or produce it itself. Last, the two providers choose their retail prices that maximize
their profits.

We use the backward induction method to find the equilibrium of the whole game.
Therefore, the analysis begins with the computation of the retail prices and the outputs
of the firms. Then, using these results, the entrant undertakes its make-or-buy decision,
which depends on the regulated input price. Finally, based on the previous informa-
tion, the regulator sets the input price that induces the entrant to undertake the best
feasible outcome in terms of social welfare, productive efficiency, competition level
and investment level. In this article, we examine the impact of input prices on each
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regulatory goal for three alternative models of downstream competition: Hotelling
model, Cournot model and Bertrand vertical differentiation model.

3 Findings
3.1 Hotelling model

The two rivals, whose final services are differentiated 4 1a Hotelling (1929), are located
at the two extremities of the market. In particular, the incumbent is located at point
L’ = 0 and the entrant is located at point LX = 1. N consumers are uniformly dis-
tributed on the unit interval [0,1]. Consumers are endowed with utility Uy (L, P?) =
v— Pl —¢ ‘Li — L‘ where locations (L) and prices (P?) for the incumbent and the
entrant are denoted by the superscript / and E, respectively, i.e. i = I, E. The term
t \Li - L| can be interpreted as the disutility which the consumer located at point
L e [0, 1] incurs through the distance of transport. The first term, v > 0, can be
interpreted as the reservation price and it is assumed that it exceeds the sum of price
and transport cost in order to ensure that each consumer buys one unit of the final
service. Note that consumer utility U, has a maximum where the consumer’s location
L and the firm’s location coincide.

Sappington (2005) discusses the entrant’s make-or-buy decision by comparing the
entrant’s profits when it decides to buy the upstream input from the incumbent (Hg)
with its profits when it chooses to make the upstream input itself (I1 f/l). His main
finding is stated in Proposition 1:

Proposition 1 (Sappington 2005) Regardless of the established price (w) of the
upstream input: (a) the entrant prefers to buy the upstream input from the incum-
bent when the incumbent is the least-cost supplier of the input (i.e. Hg > Hf,l if
cl < cf ); and (b) the entrant prefers to make the upstream input itself when it is the

least-cost supplier of the input (i.e. l_[f::,I > Hg lfcf < c,ﬁ).

From Proposition 1 we infer that input prices are irrelevant for the entrant’s make-
or-buy decision. In addition, it is obvious that the entrant’s decision always results in
the most efficient outcome. Hence, regardless of the established price of the upstream
input, the entrant always undertakes the efficient make-or-buy decision. Furthermore,
we show in the Appendix A 13 that input prices do not have an impact on social welfare.*
Therefore, input prices are irrelevant not only for the entrant’s efficient make-or-buy
decision, but also for the regulator’s goal to maximize social welfare. The reason is
that a marginal increase (decrease) in the input price causes a unit increase (decrease)
in the incumbent’s profits and a unit decrease (increase) in consumer surplus. As social
welfare is the unweighted sum of industry profits and consumer surplus, it is thus not
affected by a marginal change in input prices.

3 See Eq. Al3.

4 Shim and Oh (2006) also state that the level of the input price does not affect the entrant’s profits and
the total social surplus. However, they do not combine this result with the entrant’s efficient make-or-buy
decision.
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However, our primary goal is to examine the social optimality of the entrant’s effi-
cient make-or-buy decision. Thus, we compare the social welfare level obtained when
the entrant chooses to buy the upstream input (SWpg) to the respective level of social
welfare obtained when the entrant chooses to make the upstream input itself (SWjyy).
We can then state the following proposition:

Proposition 2 Regardless of the established price (w) of the upstream input: (a)
the entrant’s decision to buy the upstream input from the incumbent is socially opti-
mal when the incumbent is the least-cost supplier of the input (i.e. SWp > SWyy if

c{t < cf ); and (b) the entrant’s decision to make the upstream input itself is socially

optimal when it is the least-cost supplier of the input (i.e. SWy > SWpg if cf < c{l .

Combining Propositions 1 and 2 concludes that the entrant’s decision to buy the
upstream input from the incumbent if CL < cf and to make the upstream input itself
if cf < c,IA, is not only efficient, but also socially optimal. Hence, the maximization
of social welfare is in line with the entrant’s efficient make-or-buy decision.

Proposition 3 In the equilibrium of the Hotelling model, the efficient make-or-buy
decision undertaken by the entrant is always socially optimal.

Proposition 3 presents a significant finding: although access price regulation affects
neither the efficient make-or-buy decision undertaken by the entrant nor the level of
social welfare, the regulator always succeeds in fulfilling the maximization of social
welfare by not intervening in the upstream market. When cf < c,ﬁ the entrant chooses
to make the upstream input and, as a result, it invests in alternative infrastructures,
which is socially optimal. In this case, the absence of access price regulation tackles
the trade-off between service-based and facilities-based competition. Thus the regu-
lator’s twofold aim is fulfilled. On the contrary, when ¢! < ¢£ the entrant chooses
to buy the upstream input from the incumbent, which is also socially optimal. In this
case, the society only enjoys the short-run benefits from service-based competition.

3.2 Cournot model

The two rivals, whose final services are homogeneous, choose their optimal amount of
output they will produce independently and simultaneously. The inverse demand func-
tion is given by P(Q) = A — BQ, where P (Q) is the retail market price, A > 0 is the
reservation price, B > 01is the slope of the inverse demand functionand Q = Q'+ QF
is market output, where Q! and QF denote the incumbent and the entrant’s output,
respectively.

Gayle and Weisman (2007a) discuss the impact of input prices on the entrant’s
make-or-buy decision by comparing the entrant’s profits when it decides to buy the
upstream input from the incumbent with its profits when it chooses to make the
upstream input itself. Their main finding is stated in Proposition 4:

Proposition 4 (Gayle and Weisman 2007a) In the equilibrium of the Cournot model.:

(a) The entrant makes the input rather than buys the input from the incumbent when

E

¢, < w; and (b) The entrant buys the input from the incumbent when clf > w.
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From Proposition 4, it can be deduced that input prices are not irrelevant for the
entrant’s make-or-buy decision. In addition, the entrant’s decision results in the most
efficient outcome when c£ < min{w, ¢!} or ¢£ > max{w, c!}. Therefore, there is a
potential efficiency distortion in the make-or-buy decision and hence input prices are
not irrelevant. Concerning the impact of input prices on social welfare, we find that
that the society is indifferent about the entrant’s decision to make or buy the upstream

input when:

6(ch — 14(c])(cE) — 4(chyw + 6A(c]) + 11(cE) = 8ACE) + w? + 24w = 0
(1)

By solving Eq. 1 with respect to w, the optimal input price (w*) that makes the society
be indifferent about the entrant’s make-or-buy decision is derived:

w*=—A+2(ch + \/A2 + 14(chH(cE) — ll(cf)z—i-SA(cf) — 10A(ch) — 2(65)2
(2

Proposition 5 (a) The entrant’s decision to buy the upstream input from the incumbent
is socially optimal when w < w*; and (b) the entrant’s decision to make the upstream
input itself is socially optimal when w > w*.

By combining Propositions 4 and 5, it is deduced that the entrant’s decision is
always socially optimal when cf = w*. Therefore, for any w* # cf there is a
potential social welfare distortion in the make-or-buy decision and hence input prices
may not be irrelevant. For this reason, we derive the set of input prices that induce
the entrant to undertake the socially optimal make-or-buy decision. Then, we exam-
ine whether the entrant’s efficient make-or-buy decision is also socially optimal. It is
instructive to limit our study to the range of input prices for which a Nash equilibrium
exists:

Assumption 1 Let (&) A2+ 14(c])(cE)—11(cE)> +8A(cE)—10A(c]) —2(c])* >
O;b)w=<w=(A +c,ﬁ)/2; and(c)w > w =[—5(A +c,ﬁ) +34/5(A— c,ﬁ)]/(—lO).

The first constraint ensures that w € R, the second one that the entrant is active
when it buys the upstream input from the incumbent (i.e. Qg > 0) and the third one
that the incumbent’s profits are non-negative when it sells the upstream input to the
entrant (i.e. Hg > 0).° Therefore the second inequality provides the highest input
price (w) at which a Nash equilibrium exists, whereas the third inequality provides
the lowest input price (w) at which a Nash equilibrium exists.

Since w* is affected by both ¢/ and ¢£, we should discriminate between three cases
regarding the upstream cost differential in order to derive the set of input prices that
induce the entrant to undertake the socially optimal make-or-buy decision.

5 The second solution of Eq. 1 is rejected because it leads to negative input prices (see Appendix A2).
6 Another necessary constraint to ensure that l'[g >0isw <w=[-5(A+ cl{) —3J/5(4— cLI,)]/(—IO).

However, the second constraint of the first assumption is sufficient to ensure that w < w (See Appendix
A2).
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Fig. 1 The effect of input prices on the social optimality of make-or-buy decisions when neither provider
has an upstream cost advantage

3.2.1 Neither provider has an innate upstream cost advantage

In this case, the unit cost of producing the upstream input is the same for the two
retailers, thatis ¢! = c£. Substituting ¢! = ¢£ into Eq. 2 gives the optimal input price
(w™) that makes the society be indifferent about the entrant’s make-or-buy decision.

Lemma 1 Ifc! = cEthenw < ¢l =cf =w* <w

Figure 1 presents a graphical analysis of Propositions 4 and 5 for the case described
in Lemma 1.

It is deduced that when neither provider has an innate upstream cost advantage:
(a) the entrant’s decision to buy the upstream input from the incumbent is socially
optimal when w < c£; and (b) the entrant’s decision to make the upstream input itself
is socially optimal when w > cE. We conclude that the entrant’s decision to make
or buy the upstream input is always socially optimal when neither provider has an
innate upstream cost advantage. However, the fulfillment of the regulator’s two-fold
goal requires the regulator to set the input price at a higher level than the providers’
unit cost of producing the upstream input. Therefore, it is obvious that the optimal
regulatory policy is to induce the entrant to produce the upstream input itself.

3.2.2 The entrant has an innate upstream cost advantage

In this case, the entrant is more efficient than the incumbent in producing the upstream
input, that is cu < c . We should calculate the optimal input price (w*) in order to
derive the set of input prices that induce the entrant to undertake the socially optimal
make-or-buy decision. The impact of the entrant’s upstream cost advantage on the
optimal input price (w*) is described by the following Lemma:

Lemma 2 (a) If (c, )’<cE<c then w < w* <cE<cI<w and(b)lfc <(cE)/

E 1 E)/ 4A+7C (A + CI) / 198f 54

<c then w* <w< ¢, <c, <w, where (c

Figure 2 presents a graphical analysis of Propositions 4 and 5 for each of the two
cases described in Lemma 2.

A number of observations derived by the analysis of Fig. 2 are instructive. First
when the upstream cost differential is low enough, the socially optimal decision for
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Fig.2 aThe effect of input prices on the social optimality of make-or-buy decisions when the entrant is not
much more efficient than the incumbent. b The effect of input prices on the social optimality of make-or-buy
decisions when the entrant is much more efficient than the incumbent

the entrant is to make the upstream input even for relative low input prices, whereas
when the upstream cost differential is high enough, the socially optimal decision for
the entrant is to make the upstream input regardless of the input price. The rationale of
this result is that the more efficient the entrant is in producing the upstream input, the
larger the range of input prices that lead the society to prefer the entrant to make the
upstream input. As a result, a low (respectively, high) enough upstream cost differen-
tial causes input prices to be relevant (respective, irrelevant) for the social optimality
of an entrant’s make-or-buy decision. Second, an entrant’s make-or-buy decision is
socially optimal when: (a) w < w* or w > c£ for (cf) < £ < ¢l;and (b) w > £
for ¢£ < (cF)’ < cl. This implies that there is a potential distortion of the social
optimality of make-or-buy decisions. Third, regardless of the upstream cost differen-
tial, an entrant’s efficient make-or-buy decision is always socially optimal. Indeed,
the entrant is understood to make the efficient make-or-buy decision if it produces the
input itself since it is the least-cost supplier (c£ < ¢!). Therefore, the entrant under-
takes the efficient make-or-buy decision if w > ¢, which also leads to the socially
optimal outcome.

In conclusion, the entrant’s efficient decision not only leads to the socially optimal
outcome, but also tackles the trade-off between fostering effective competition and
encouraging investments in new access infrastructures. Thus, the regulator should set

E
w >,

3.2.3 The incumbent has an innate upstream cost advantage

In this case, the incumbent is more efficient than the entrant in producing the upstream
input, that is ¢c© > ¢!. Like the case in which the entrant had an innate upstream cost
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Fig.3 aThe effect of input prices on the social optimality of make-or-buy decisions when the incumbent is
not much more efficient than the entrant. b The effect of input prices on the social optimality of make-or-buy
decisions when the incumbent is much more efficient than the entrant

advantage, we should calculate the optimal input price (w*) in order to derive the set
of input prices that induce the entrant to undertake the socially optimal make-or-buy
decision. The impact of the incumbent’s upstream cost advantage on the optimal input
price (w™*) is described by the following Lemma:

Lemma3 (a) If ¢! < cE < (cEY thenw < ¢l < ¢E < w* < w; and (b) if

u
E\/ E I_ .E _ = * Eyr _ 5A+17¢;
(/) <cy Swthenw < ¢, < ¢, <wW=< w* where (¢,/)" = ———".

Figure 3 presents a graphical analysis of Propositions 4 and 5 for each of the two
cases described in Lemma 3.

From Fig. 3, it is deduced that when the upstream cost differential is low enough,
the socially optimal decision for the entrant is to buy the upstream input even for
relative high input prices, whereas when the upstream cost differential is high enough,
the socially optimal decision for the entrant is to buy the upstream input regardless
of the input price. The rationale of this result is that the more efficient the incumbent
is in producing the upstream input, the larger the range of input prices that lead the
society to prefer the entrant to buy the upstream input. As a result, a low (respectively,
high) enough upstream cost differential causes input prices to be relevant (respective,
irrelevant) for the social optimality of an entrant’s make-or-buy decision. Another sig-
nificant deduction is that an entrant’s make-or-buy decision is socially optimal when:
(@w>w* orw < cf forel < cE < (Y’ and (b) w < ¢F for (c£)" < £ <w.
This implies that there is a potential distortion of the social optimality of make-or-
buy decisions. Last, regardless of the upstream cost differential, an entrant’s efficient
make-or-buy decision is always socially optimal. Indeed, the entrant is understood to
make the efficient make-or-buy decision if it purchases the input since the incumbent
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is the least-cost supplier (c£ > cl). Therefore, the entrant undertakes the efficient
make-or-buy decision if w < cf , which also leads to the socially optimal outcome.

However, the social optimality of facilities-based competition is fulfilled only when
the upstream cost differential is low enough, the regulated access price is relative high
(w > w*) and, of course, at the cost of the productive efficiency. In this case there
is another trade-off between the productive efficiency and the social optimality of
make-or-buy decisions.

3.2.4 Discussion

Given that the downstream competition is characterized by the Cournot model, the
analysis of the impact of input prices on social welfare shows that regardless of which
provider has an innate upstream cost advantage, input prices are (not) irrelevant for
the social optimality of the entrant’s make-or-buy decision when the upstream cost
differential is high (low) enough.

In addition, although the absence of access price regulation always leads to the
socially optimal make-or-buy decision in the case of Hotelling, regulatory interven-
tion is necessary in order to induce the entrant to undertake the socially optimal make-
or-buy decision in the case of the Cournot competition. This implies that there is a
potential distortion in the social optimality of make-or-buy decisions, and especially
in the fulfillment of the regulator’s twofold goal.

However, the main conclusion of the analysis of the entrant’s make-or-buy deci-
sion from a social perspective is that the entrant’s efficient decision is always socially
optimal. Therefore, we can state the following proposition:

Proposition 6 In the equilibrium of the Cournot model, the efficient make-or-buy
decision undertaken by the entrant is always socially optimal.

Proposition 6 states that when c£ < ¢! (respectively, cE > c!), the entrant’s deci-
sion to make (respectively, buy) the upstream input not only leads to the most efficient
outcome, but also to the socially optimal one. It is worth noting, that in the Hotelling
model, as well as, in the Cournot model, the entrant’s efficient make-or-buy decision
is always socially optimal. However, in the former case the social optimality of the
efficient make-or-buy decisions is fulfilled without any regulatory intervention in the
upstream market, whereas in the latter case the regulatory intervention is necessary for
ensuring such optimality. In particular, the regulator should set w > c,f if cf < cé and
w < cEif c£ > ¢! in order to ensure the social optimality of the efficient make-or-
buy decision undertaken by the entrant. Any deviation from this regulatory policy may
result in a socially optimal outcome which is not efficient, or to an entrant’s decision
that is not socially optimal.

Therefore, we demonstrate a continuum of findings in which, depending of the
input prices, the entrant’s make-or-buy decision is both efficient and socially optimal,
is only socially optimal and is neither efficient nor socially optimal.
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3.3 Bertrand vertical differentiation model

In the Bertrand vertical differentiation model, the final products of the two rivals can
be ordered in an objective way according to their perceived difference in quality. In this
article, it is assumed that the incumbent produces the high quality good and the entrant
produces the lower quality good. Like Gayle and Weisman (2007a), we assume that
a consumer requires only one unit of the product and her indirect utility for the high
quality good is given by, V}, = 0 1, — P, while her indirect utility for the low quality
good is given by, V; = 6 A; — P;, where A; > A;. Each consumer has a unique 69,
which captures taste heterogeneity in the population and is assumed to be uniformly
distributed on the interval [0, 1]. Without loss of generality, we also normalize the
population of consumers to 1.

Gayle and Weisman (2007a) discuss the impact of input prices on the entrant’s
make-or-buy decision by comparing the entrant’s profits when it decides to buy the
upstream input from the incumbent with its profits when it chooses to make the
upstream input itself. Their main finding is stated in Proposition 7:

Proposition 7 (Gayle and Weisman 2007a) In the equilibrium of the Bertrand verti-
cal differentiation model: (a) The entrant makes the input rather than buys from the
incumbent when cf < c£ Jorw > cf ; and (b) The entrant buys the input from the
incumbent if and only ifcf > c,ﬁ and 2h, —A7)(w — cf) < M(w — cé).

The main conclusion of the above proposition is that when the entrant is (not) the
least-cost supplier, its make-or-buy decision is (not) independent of input prices in
a Bertrand framework. Therefore, input prices are not necessarily irrelevant in the
Bertrand vertical differentiation model. This implies that there is a potential efficiency
distortion in the make-or-buy decision. In this article, we examine the impact of input
prices on social welfare when the entrant chooses to buy the upstream input from the
incumbent and when it chooses to make the upstream input itself. Therefore, we should
compare the level of social welfare when an entrant purchases an essential upstream
input from the incumbent to the respective level of social welfare when an entrant
makes the upstream input itself. The results of this comparison can be summarized in
the following proposition:

Proposition 8 (a) The entrant’s decision to buy the upstream input from the incum-
bent is socially optimal when w < w**; and (b) the entrant’s decision to make the
upstream input itself is socially optimal when w > w**, where w™* represents the
input price that makes the society be indifferent about the entrant’s decision to make
or buy the upstream input.”

From Proposition 8, we deduce that input prices are not irrelevant for the maxi-
mization of social welfare and, as a result, for the social optimality of the entrant’s
make-or-buy decision. However, the main goal of this article is not to show that input

7 It is worth noting that the value of w** depends on the model’s parameters, as described in the Appendix
A3. In some special cases, which are also described in the Appendix A3, there are two positive input prices
that cause SWy; = SWp.
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prices are not irrelevant for the maximization of social welfare, but (a) to find the
conditions under which the entrant’s make-or-buy decision is socially optimal; and
(b) to provide the set of input prices that induce the entrant to undertake not only the
socially optimal decision but also the most efficient one. Thus, we should combine the
results of Propositions 7 and 8.

The main part of the analysis that follows is conducted via numerical simulations
due to the complexity of closed-form solutions for the endogenous variable w**. There-
fore, we use numerical examples in order to derive the equilibrium results. Like in
the case of the Cournot model, we discriminate between three main cases: (a) neither
provider has an innate upstream cost advantage; (b) the entrant has an innate upstream
cost advantage; and (c) the incumbent has an innate upstream cost advantage.

The analysis conducted is similar to Gayle and Weisman (2007a) and Gayle and
Weisman (2007b) with the exception that this article takes into account the impact of
the upstream cost differential on the entrant’s make-or-buy decision and, as a result,
on the subsequent social welfare level. In other words, we examine the social opti-
mality of make-or-buy decisions for many combinations of the incumbent’s and the
entrant’s unit costs of producing the upstream input rather than fixing arbitrarily their
upstream unit costs. For each combination, we estimate the input prices that cause
(a) the society; and (b) the entrant, to be indifferent between the latter’s decision to
make or buy the upstream input (w** and w, = [(2A, — Al)cf — Alcé]/2()»h — AL,
respectively). The results are presented in Table 1 (Appendix B).

Note that when the entrant chooses to buy the upstream input, the curve that rep-
resents its profits (l'IlB) is a convex and decreasing function of w, whereas the curve
that represents the social welfare (SWp) is a concave and decreasing function of w.
Since the entrant’s profits and the social welfare are not affected by input prices when
the entrant chooses to make the upstream input itself, the respective curves Hiw and
SWyy are horizontal lines. In this numerical example the incumbent’s upstream cost
of providing the upstream input is fixed at 0.55. Therefore, we assume different values
of the entrant’s upstream cost of providing the upstream input in order to study the
effect of both upstream cost differential and input prices on the social optimality of
make-or-buy decisions.

3.3.1 The entrant has an innate upstream cost advantage

We begin the analysis by assuming a very high upstream cost differential (cuE =0.1).
Increasing the assumed value for ¢£ (0.1 < ¢£ < 1) does not affect the entrant’s prof-
its curve l'IlB and the social welfare curve S Wpg, but it does serve to shift the entrant’s
profits curve I'IIM downwards and the social welfare curve S W), initially downwards
and then upwards.

From Table 1 we deduce that when the entrant is much more efficient than the
incumbent in making the upstream input (£ = 0.1andcZ = 0.2), the Hiwcurve is
above the I'IIB curve and the SW), curve is above the SWp curve for0 < w < 1.5.8-9

8 See Appendix B for the proof of this inequality.
9 See, indicatively, Figs. 4 and 5 in the Appendix B.
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Therefore, regardless of the input prices, the entrant’s decision to make the upstream
input is socially optimal when the entrant is much more efficient than the incumbent in
making the upstream input. The implication is that the entrant’s efficient make-or-buy
decision is socially optimal.

It should be noted that as the entrant becomes less efficient in making the upstream
input (but it is still more efficient than the incumbent), the incumbent’s profits increase,
the entrant’s profits decrease and consumer surplus decrease. Hence, it is obvious that
increasing c£ makes the l'IlMcurve shift downwards and hence intersects the I'IIB curve
at a higher input price level. This implies that as the entrant becomes less efficient,
it chooses to buy the upstream input from the incumbent for a larger range of input
prices. Concerning the impact of an increase in c£ on social welfare, we find that
SW)y decreases with an increase in £ as far as ¢£ < c!. However, the SWy curve
intersects the SWp curve ata w € (0, 1.5) only for low enough upstream cost differ-
ential (c£ > 0.3). In these cases, w** > w,.'% This implies that the society prefers
the entrant to buy the upstream input from the incumbent for a larger range of input
prices than the range that induces the entrant to buy the upstream input. Or, in other
words, the society prefers the entrant to make the upstream input from the incumbent
for a lower range of input prices than the range that induces the entrant to make the
upstream input itself. Therefore, the entrant’s efficient make-or-buy decision is not
socially optimal for w € [w,, w**) and is socially optimal for w > w**.

3.3.2 Neither provider has an innate upstream cost advantage

Not surprisingly, when neither provider has an innate upstream cost advantage (c,ﬁ =
cE = 0.55), both the society and the entrant are indifferent between the latter’s deci-
sion to make-or-buy the upstream input for the same input price (w** = w,).!! This
implies that when w < w, (respectively, w > w,), the entrant chooses to buy (respec-
tively, make) the upstream input. By combining this result with Proposition 8§, we
deduce that when ¢! = ¢, the make-or-buy decision undertaken by the entrant is
socially optimal.

3.3.3 The incumbent has an innate upstream cost advantage

A further increase in £ makes the incumbent has an upstream cost advantage. As the
incumbent becomes more efficient than the entrant in producing the upstream input
(or as c,f further increases), the incumbent’s profits increase, the entrant’s profits
decrease and consumer surplus decrease. This implies that the l'IlM curve intersects
the I'IIB curve at a higher input price level. Therefore, the higher the c£, the higher
the range of input prices that induce the entrant to buy the upstream input from the
incumbent.

Concerning the impact of an increase in ¢

decreases with an increase in ¢

on social welfare, we find that SWy,
as far as £ < (cE)". Therefore, the SWy; curve

E
u

10 See Table 1 and, indicatively, Figs. 6 and 7 in the Appendix B.
11 See Table 1 and Figs. 8 and 9 in the Appendix B.
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intersects the SWp curve at a higher input price. However, if cf > (c,‘lE )", a further
increase in cf causes S Wy, to increase. Therefore, the SWy, curve intersects the SWg
curve at a lower input price. This implies that if the incumbent is much more efficient
than the entrant in producing the upstream input, the society prefers the entrant to
make the input for a very large range of input prices even though this is not an efficient
outcome.

It is worth noting that regardless of the impact of an increase in cf on social welfare,
the input price that makes the society be indifferent about the entrant’s make-or-buy
decision is always lower than the respective level of input price that makes the entrant
be indifferent between making or buying the upstream input, that is w** < w,.!?
This implies that the society prefers the entrant to buy the upstream input from the
incumbent for a lower range of input prices than the range that induces the entrant to
buy the upstream input. Therefore, the entrant’s efficient make-or-buy decision is not
socially optimal for w € (w**, w,] and is socially optimal for w < w**.

3.3.4 Discussion

The main conclusion concerning the analysis of the social optimality of make-or-buy
decisions in the case of the Bertrand model can be stated in the following proposition:

Proposition 9 In the equilibrium of the Bertrand vertical differentiation model, the
efficient make-or-buy decision undertaken by the entrant is not necessarily socially
optimal.

Proposition 9 shows that unlike the cases of Hotelling and Cournot models, in which
the efficient make-or-buy decision undertaken by the entrant is always socially opti-
mal, in the Bertrand vertical differentiation model the entrant’s efficient make-or-buy
decision is not necessarily socially optimal. In particular, there is a set of input prices
that induce the entrant to undertake its efficient make-or-buy decision which leads to
lower social welfare level than the respective level resulted by not undertaking the
efficient make-or-buy decision.

4 Conclusions

The aim of this article was to study the impact of input prices on an entrant’s effi-
cient make-or-buy decision from a social perspective. Thus, it improved the results of
Sappington (2005) and Gayle and Weisman (2007a), which study the impact of input
prices on an entrant’s efficient make-or-buy decision, by examining their impact on
the subsequent level of social welfare. Some very instructive results for regulatory
purposes were drawn.

First, this article showed that when the downstream competition is described by
the Hotelling model, input prices do not affect the maximization of social welfare. In
addition, combining this result with those of Sappington leads us to conclude that the
entrant’s make-or-buy decision is not only socially optimal, but also leads to the most

12 See Table 1 and, indicatively, Figs. 10 and 11 in the Appendix B.
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efficient outcome. Therefore, the absence of access regulation always leads to both
efficient and socially optimal outcome. However, the inability of regulator to affect the
exogenous factors, such as the providers’ unit costs of producing the upstream input,
may distort the fulfillment of the regulator’s two-fold goal of promoting competition
and encouraging investments in access infrastructures.

Second, it found that when the two providers compete 4 la Cournot, input prices
are not necessarily irrelevant for the society’s preference for the entrant’s decision
to make or buy the upstream input. The combination of this result with those of
Gayle and Weisman showed that the entrant’s make-or-buy decision is not neces-
sarily socially optimal. However, the entrant’s efficient make-or-buy decision always
results in the socially optimal outcome. In particular, when the entrant has an innate
upstream cost advantage, the regulator can set such an input price that leads the
entrant to make the upstream input. This policy leads to: (a) the most efficient
outcome; (b) the socially optimal outcome; and (c) the fulfillment of regulator’s
two-fold goal. However, when the incumbent has an innate upstream cost advan-
tage, the entrant’s efficient make-or-buy decision only promotes service-based com-
petition. In this case, the regulator’s two-fold goal can only be fulfilled when the
upstream cost differential is low enough and, of course, at the cost of efficiency
distortion.

Last, in the case of the Bertrand vertical differentiation model, the impact of input
prices on the society’s preference for the entrant’s make-or-buy decision and on the
social optimality of make-or-buy decisions is as described in the case of the Cournot
model. However, in the case of Bertrand model, the entrant’s efficient make-or-buy
decision does not always result in the socially optimal outcome. The rationale of these
results is that if the entrant is much more efficient than the incumbent in producing
the upstream input, the absence of access regulation leads the entrant to make the
upstream input which not only results in the most efficient and socially optimal out-
come, but also fulfills the regulator’s two-fold goal. However, if the entrant is not
much more efficient than the incumbent or the incumbent has an innate upstream cost
advantage, the regulator’s intervention is necessary in order to set such an input price
which induces the entrant to undertake the efficient make-or-buy decision that is also
socially optimal.

The above analysis showed that the particular model that describes the com-
petition in the downstream market, as well as, each provider’s efficiency in pro-
ducing the upstream input have a significant impact on the social optimality of
the entrant’s (efficient) make-or-buy decisions. This implies that regulators should
have perfect information about each provider’s unit cost of producing the upstream
input and the way that the two providers compete in the downstream market
in order to draw their optimal access pricing policy. This article assessed the
impact of input prices on the entrant’s make-or-buy decisions and on the sub-
sequent social welfare level for every upstream cost differential for three alter-
ative models of downstream competition. Thus, this article provided the optimal
access pricing policy that results in the best feasible outcome in terms of social
welfare, productive efficiency, competition level and investment level given the
upstream cost differential and the particular model of downstream competition
employed.
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Appendix A
Al. Hotelling model

Case 1: The entrant chooses to make (M) the upstream input itself
A
Let L € [0,1] denote the location of the consumer that is indifferent between pur-

chasing from the incumbent and the entrant. Therefore, 2 = Qﬂ,,. The analysis is
similar to Sappington (2005) with one exception that cfl = cf = 0. As a result, see
Sappington (2005) for equations that give the equilibrium prices (P), output levels
(Q) and profits (IT), for i, j = I, E, i # j, where prices, outputs and profits for the
incumbent and the entrant are denoted by the superscript / and E, respectively.

. 2 i J
pl =14 2t (A1)

: 1 c{; _CL
Oy =N |:§ (1 + T):| (A2)

(3t — C:i —|—c,£)2:|

i — N A3
My [ 18t (A3)

Consumer surplus is given by:

L I
CSy =N /[U—P,{l —t(L—O)]dL—i—/[v—P,g —t(1 - L))dL { =

L
(A4)

t 2
CSu =N[v+(P5—P,£,) Q;Iu—Pﬁ—EthQ{u—t(Qﬂﬂ} (A5)
Substituting (A1) and (A2) into (AS) provides the resulting level of consumer surplus:

CSm = N[36vr + (c;)2 —2(chy(cEy —18(chyr + (cjf)2 —18(cEyt — 45121/ (361)
(A6)
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Social welfare is the sum of both providers’ profits and consumer surplus:

SWar = N[36vt + 5(ch> —10(c))(cE) — 18(chyr + 5 (cE)* —18(cE)r — 921/(361)
(A7)
Case 2: The entrant chooses to buy (B) the upstream input from the incumbent

Equilibrium prices, output levels and profits for the incumbent (/) and the entrant
(E) are as described in Eqgs. (A8)-(All),fori, j =1, E,i # j:

Ph=w+1 (A8)
, 1
Qp = NE (A9)
t
nk =N(§+w—c;) (A10)
E t
My =N (A11)

For the proof of Egs. (A8)—(A11) see Sappington (2005). In addition, the consumer
surplus level obtained when the entrant chooses to buy the upstream input from the
incumbent is given by substituting (A8) and (A9) into (AS). Therefore:

CSp=N@w—w—5t/4) (A12)
Social welfare is the sum of both providers’ profits and consumer surplus:

SWp = N(v—cl —t/4) (A13)

Proof of Proposition 1 The result of Proposition 1 is derived by comparing Eqs. (A3)
and (A11). See Sappington (2005) for the whole proof.

Proof of Proposition 2 From Egs. (A7) and (A13):

SWy >=< SWg5 & (Al4)
N[36vt +5(c])” —10(c])(cE) — 18(cyr + 5 (cE)” —18(cE)r — 9421/ (361) >=<
Nw—cl—t/4) & (A15)
E_ I E_ I
(cE —cly [S(cu b 1} 0 (A16)
2 181

Like Sappington (2005), we assume that both the incumbent and the entrant serve
"| <3t(fori,j=1,E,i# j). This

retail consumers in equilibrium. Hence, ¢l —¢

ol 5(ey —cy) s ()i oE — o
implies that === —1 < 0. Therefore, from (A16) it is deduced that: (a) if ¢, = ¢,

then SWy; = SWp; (b) if cf > c[{, then SWy; < SWpg; and (c) if cf < c[l, then
SWM > SWB.
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Proof of Proposition 3 Given that the entrant is understood to make the efficient make-
or-buy decision if it purchases the input from the incumbent when the incumbent is
the least-cost supplier (c{t < cf ) and produces the input itself whenever it is the
least-cost supplier (¢ < ¢!, Proposition 3 is derived straightforward by combining
Propositions 1 and 2.

A2. Cournot model

Case 1: The entrant chooses to make (M) the upstream input itself

The analysis is similar to Gayle and Weisman (2007a) with one exception that
cé = cf = 0. In particular, when the entrant chooses to make the upstream input
itself, the profit functions for the incumbent and the entrant are given, respectively,

by:

i, = Py -l 04, (A17)
My = (Pu —cl) Of (A18)

where P = A — B (Q{VI + Qf,l). Taking the first order conditions of (A17) and (A18)
with respect to Qﬂ,[ and Qﬁ, respectively, and solving simultaneously yields the Nash
outputs:

; A+c£ —2c!
y=—""= A19
On 3B (A19)

fori,j = I, E,i # j. Substituting Eq. (A19) into the inverse demand function
P(Q) = A — BQ yields the equilibrium retail price:

Pl = +C++c” (A20)

Substituting Egs. (A19) and (A20) into Eqs. (A17) and (A18) yields each provider’s
profits:

: .2
4 (A+c)—2c)
Lo - U A21
Ty 0B (A21)

Consumer surplus is given by:

04 (04, +05)
- T 2 7

2
CSu = A — c,i —cf)
18B

CSwm (A22)

(A23)
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Social welfare is given by adding both providers’ profits and consumer surplus:

(A+cE—2chy? (A+cl—2cE)? (24 —cl —cE)?

(A24)
9B 9B 18B

SWy =

Case 2: The entrant chooses to buy (B) the upstream input from the incumbent

The analysis is similar to Gayle and Weisman (2007a) with the exception that
cé = cf = 0. Therefore, see Gayle and Weisman (2007a) for Eqgs. A25 to A29 that
provide the equilibrium retail prices (fori, j = I, E,i # j), each provider’s output
and each provider’s profits when the entrant chooses to buy the upstream input itself.

A 1
pi = ATV F % . Rk (A25)
A+w-—2cl
0f = —5 (A26)
A—2w+c!
0p=——p (A27)
At w—2c)’  (w—ch)A—2w+ch
nh = 5 + 7 (A28)
2
A—2w+c!
nk — (Q—Bu) (A29)
Consumer surplus is given by:
2 I EN2
CSp = %2%: (A30)
24 — ¢l —w)?
CSp = (lg—c;;w) (A31)

Social welfare is given by adding both providers’ profits and consumer surplus:

(A+w _26”1‘)2+ (A+cl—2w)* QA —cl—w)’
9B 9B 18B
+(w —chy(A = 2w+l
3B

SWp =

(A32)

Proof of Proposition 4 The result of Proposition 4 is derived by comparing Eqs. (A21)
and (A29). See Gayle and Weisman (2007a) for the whole proof.
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Proof of Proposition 5 From Egs. (A24) and (A32):

SWy >=< SWp & (A33)
(A+cE—2chy? (A+cl—2cE)? (24 —cl—cE)?

9B 9B 18B
(A+w—2c,£)2+(A+c,£ —2w)® QA—cl-w)? (w—c)(A—2w+cl)

9B 9B 18B ' 3B =

>=<

(A34)
6(cly” —14(c]y(cE) — 4chyw+6A(cl)+11 (cE)’ —8A(cE)+w? +2Aw >=< 0 =
(A35)

ws>=< —A+2(c;)i\/A2 +14(ch)(cEy — 11 (cE)* +8A(cE) — 10A(cl) — 2 (c])?
(A36)

From (A36) we conclude that the society is indifferent about the

entrant’s  make-or-buy  decisions  when w*= — A+2(cl) =+

\/Az + 14(chH(cE) — ll(cff)2 + 8A(ck) — 10A(ch) — 2(05)2. It is worth noting that
we reject the second solution since it results in negative access prices. Therefore, (a) if
w = w*, then SWy = SWp; (b)if w > w*, then SWy; > SWpg; and (¢) if w < w*,
then SWy < SWp.

Proof of Assumption 1

(a) The first constraint is derived straightforward by (A36).

(b) When the entrant buys the upstream input from the incumbent, an increase in the
access price causes the new entrant’s output to decrease. Therefore, in order to
ensure that the new entrant is active in the market, we assume that Qg > 0 or
w=w=(A+c)))/2

(c) When the entrant buys the upstream input from the incumbent, a decrease in the
access price causes the incumbent’s profits to decrease. Therefore, in order to
ensure that the incumbent’s profits are non-negative, we assume that l'IIB >0or

(A+w—2cly L — (A —2w +cl)

o 3 >0= (A37)
—5w?+5w(A +cl) + 142 =TAc! +(c])’ 1> 0= (A38)

[—5(A+ch) +3vV5(A—chH1/(=10) < w < [=5(A +c]) = 3v/5(A — cD)1/(~10)
(A39)

Therefore, the lower limit of the input prices is w = [—5(A + CL{) + 3J5(A —
c,ﬁ )]/(—10). Concerning the upper limit of the input prices, we state that the upper
limit is w = (A + c!)/2 if and only if
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(A+chy2 < [=5(A+cly —3v/5(A — c)]/(=10) & (A40)
0> —6y5(A —cl) (A41)

Therefore, is it obvious that (A41) holds and therefore the upper limit is w = (A +
1
c,)/2.

Proof of Lemma 1
I

First, note that w < ¢, < w. The reason is that

[—5(A +c]y + 354 — D)1/ (=10) < ¢l = (A42)
—5(A+cy+6,74 -] > —10c! = (A43)
1,704 =cly >0 (A44)

andc < (A+g¢, )/2 =20<A-— c which both holds
Furthermore in this case, we assume thatc = c . Therefore, substituting c =c,
into (A36) yields:

E

SWy >=< SWp & (A45)

w>=< —A+ 2((:;) + m = C; (A46)

Therefore, w* = —A+2(cl)+/(A — ¢! ) = cl. Then Lemma 1 is straightforward.

Proof of Lemma 2 In this case, we assume that c < c . In addition cE cannot be

lower than w because if c,f < w then the first constraint of Assumption 1 is violated.
Therefore, w < CE < cl However, the value of cE affects the relative value of w*
with respect to w. For thrs reason, we calculate the Values of c£ that causes w* = w.
Hence,

—A+20ch + \/A2 F14(cD)(cE) — 11 (cE)* +8A(cE) — 10A(c]) — 2 (c])*
= —5(A+ch)y +3V5(A — e/ (=10) (A47)

The solution of (A47) shows that w* = w if

4A +7 198+/5 — 54
cE— & +(AF ) L (A48)
“ 11 5

The first solution of (A48) is rejected because it causes cZ > ¢! Therefore, the critical

value ofc that causes w* = w is (cE)’ = 4A+7C —(A+ 1),/ 198[ 34 1t follows
that () < cl.
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. E .
Asaresultif cf < (c,) < cl thenw* < wandif (c£) < cE

However, we should also prove that w* < ¢£ when ¢£ < ¢!. Indeed,

< cl'then w* > w.

w* <k = (A49)

—A+2(c;)+\/A2 + 14(ch)(cE) — 11(cE)* + 8A(cE)—10A(c])—2(ch)* <cF =

(A50)
A% 4 14(chy(cEy - 11(c{,5)2 +8A(cEy —10A(c]) - 2(c{,)2 <(A+ c{f—ch,)2 =
(A51)

AE —ely —2eE(cE — ey 4 cl(cE — ¢y <0 (A52)
(cE—chyA—2cE+cly <0 (A53)

which holds since ¢£ < ¢l and A — 2¢E + ¢[ > 0 because Q4 > 0. Note that if

u
cE = ¢l then w* = ¢ = ¢! (as we have already proven) and if A —2cE +cl =0 =
cf =(A+ c,ﬁ)/2, then w* = clf, as well. However, since we assume that cuE < c,ﬁ,

the only feasible solution is w* < c£. This completes the proof of Lemma 2.

Proof of Lemma 3 1In this case, we assume that c£ > ¢!. Therefore, from (A53) we
deduce that w* > cEifc! < cE < (A+cly/2andw* = cEifcf =w = (A+c!))2.
As aresult, we have examined the relative value of w* with respect to c,f . In addition,
we should examine the relative value of w* with respect to w. For this reason, we
calculate the values of cf that causes w* = w. Hence,

—A+20ch + \/A2 +14(ch)(cE) — 11 (cE)* +8A(cE) — 10A(cl) — 2 (c])?
=(A+ch/2 (A54)

The solution of (A54) shows that w* = w if

5A+17ck
ok = ey = A (A55)
or
cE=@A+ch2 (A56)

Therefore, we conclude that: (a) if cf = (A+ c,ﬁ) /2 then cf =w" = W (b) if

cE < (cE) then w* < w; and (c) if ¢ > (cF)” then w* > w. Moreover, if
¢k = (cE)” then w* = w. Last, from Eq. AS5 it is obvious that ¢/ < (c£)” since

A > cl. This completes the proof of Lemma 3.

Proof of Proposition 6 Firstly, let ¢/ < cE. Given that (a) the entrant is understood to
make the efficient make-or-buy decision if it purchases the input from the incumbent
when the incumbent is the least-cost supplier (c£ < c,f ); and (b) the implication of

Proposition 4 that the entrant buys the input from the incumbent when w < ¢, we
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conclude that the entrant undertakes the efficient make-or-buy decision when w < c£.

In addition, given the result of Lemma 3 that cf < w* and the implication of Prop-
osition 5 that the entrant’s decision to buy the upstream input from the incumbent is
socially optimal when w < w*, it follows that w < c£ is a necessary and sufficient
condition to ensure that the entrant’s efficient decision to buy the upstream input is
also socially optimal.

Secondly, let c£ < ¢!. Given that (a) the entrant is understood to make the effi-
cient make-or-buy decision if it makes the input when it is the least-cost supplier
(c,ﬁY < cLII); and (b) the implication of Proposition 4 that the entrant makes the input
when w > c,f , we conclude that the entrant undertakes the efficient make-or-buy deci-
sion when w > ¢£. In addition, given the result of Lemma 2 that c£ > w” and the
implication of Proposition 5 that the entrant’s decision to make the upstream input is
socially optimal when w > w*, it follows that w > c£ is a necessary and sufficient
condition to ensure that the entrant’s efficient decision to make the upstream input is
also socially optimal.

By combining the above results, it can be concluded that the entrant’s efficient
make-or-buy decision is always socially optimal in the equilibrium of the Cournot

model.
A3. Bertrand vertical differentiation model

The analysis is similar to Gayle and Weisman (2007a) with one exception that c[’l =
cf = 0. Therefore, the consumer whose taste parameter is § = P!/}; is indiffer-
ent between buying and not buying, whereas the consumer whose taste parameter is
6 = (P"— Pl (A, — X;) is indifferent between the high and the low quality prod-
uct. As a result, the demand functions for the incumbent and the entrant are given,
respectively, by:

o - ph A P! AST)
A=A A=A
P Ph _ Pl
=1 - — A58
o o (A58)

Case 1: The entrant chooses to make (M) the upstream input itself
The profit functions for the incumbent and the entrant are given, respectively, by:

n, = P"—chHo" (A59)
), = (P — £ Q' (A60)
See Gayle and Weisman (2007a) for Egs. (A61), (A62), (A63) and (A64) that provide

the equilibrium retail prices, the entrant’s output and the entrant’s profits when the
entrant chooses to make the upstream input itself.

Pl — A [200 — A1) +2¢k + B
M 40n — A

(A61)
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i MOn—A) + el +2 ek

Pu 4an— M (A62)
o — MnlA O — ) + rcl +a cE =2 cE] (A63)
M NGV EIY
2
1_15‘/1: Al O — A0) + arel + o cE =20 cE] (A64)

MG — A1) @ — a)?

Substituting Eqs. (A61) and (A62) into Eq. (A58) and rearranging yields the incum-
bent’s output.

no_ 20O =) +nQan = a) A cf

— A65
Qu (4 2n — A)Oon — A1) (A05)

In addition, substituting the resulting incumbent’s output Qﬁ,l and (A61) into (A59)
gives the incumbent’s profits:

2
o = (22 (un — A1) + L@ an — A1) + 4, cE]

(A66)
M O — A1) B on — 10)?
Consumer surplus is given by:
6 1
CS = / 0x — PHdo + / Orn — PMYdO = (A67)
7 6
A oA o A A
S = 31(92—92)—PlQl+7h(1—02)—Pth (A68)

Substituting the equilibrium prices and quantities and the resulting values of 6 and 6
into (A68) provides the consumer surplus level when the entrant chooses to make the
upstream input itself.

2
A4 a3 M2+ a2 a? =8 an? hycE +a a2 (B —5an 0 +
2 2
6 A2 ¢l +8an M2 cE +4p ar (ch)” =3 an ai (¢E)T

CSy =
200G — A1) (4 — a0)?

(A69)
Social welfare is the sum of both providers’ profits and consumer surplus, that is:
SWy = 11, +T1h, + CSu (A70)
Case 2: The entrant chooses to buy (B) the upstream input from the incumbent
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The profit functions for the incumbent and the entrant are given, respectively, by:
Mg =(P" —c)Q" + (w—c)o (A71)
My =P —w)Q' (A72)

See Gayle and Weisman (2007a) for Egs. (A73), (A74), (A75) and (A76) that provide
the equilibrium retail prices, the entrant’s output and the entrant’s profits when the
entrant chooses to buy the upstream input from the incumbent.

Anl2Gun — A1) + 3w]

h

B 4hn— M ( )
1 MO =)+ w @ap )

pl = A74
B 4an— M (AT%)

A —2
0l = A (A —2w) (A75)
ICYYEDY))

o Ga = A (u —2w)?
Iy = 5
WECYVIEDY))

Substituting Egs. (A73) and (A74) into Eq. (A58) and rearranging yields the incum-
bent’s output:

(A76)

= AT7
s 4ap— A (A77)

In addition, substituting the resulting incumbent’s output Q}l’a and Eqgs. (A73) and
(A75) into Eq. (A71) gives the incumbent’s profits:
4o =40 M2 82w — 1202 a el =8 a2 w? +8 0,2 ¢l w4
ho An 2w +3)»h)\120,£ — Ah Al w2+2kh)\lc; w _NZC{, w
5 M@ an—a)?

(A78)

Consumer surplus is given by (A68). Substituting the equilibrium prices and quantities
and the resulting values of 6 and 6 into (A68) provides the consumer surplus level
when the entrant chooses to buy the upstream input from the incumbent.

MA@ A2 A A5 M2 =16 an w4+ 4a, w2 =202 w + 53 w?)
201 (4 an — )?

CSp =
(A79)

Social welfare is the sum of both providers’ profits and consumer surplus, that is:
SWg =M+ +CSp (A80)

Proof of Proposition 7 The result of Proposition 7 is derived by comparing Eqs. (A64)
and (A76). See Gayle and Weisman (2007a) for the whole proof.
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Proof of Proposition 8 From Egs. (A70) and (A80):

SWy >=< SW5 & (A81)
S andaucE =8 a3 w4 1613 chw — 123,3 (cE)* —an 3 w? —4 3,2 3% ¢l
1222 M2 eE 16 342 12w + 12042 & () +16342 Ay el B +1252 3 ¢l w
902 2y (€Y = a2 w? +4 03 L 45003 cE =8 P w + 9 2% (L)’
—6 0% ¢l el =6 2% el w =200 (€45 1P w22 (el 420% ¢l w)
20 G — M) (G — a)?
>=<0 (AB2)

Solving (A82) with respect to w provides two values of w that make the society be
indifferent about the entrant’s decision to make or buy the upstream input. Depending
on the particular values of ¢! and c£, (a) the one optimal value of w is positive and
the other negative; (b) both are positive; or (c) do not exist. In the numerical example
provided here, it is assumed that ¢! is low enough in order to exclude the second
case. Thus, let us denote the potential positive root of Eq. A82 by w**. Therefore,
Proposition 8 has been just proved. However, if ¢! is high enough (¢! > 0.65 in our
example), the SWp curve initially increases with an increase in the input price, reaches
its maximum level and then decreases. Therefore, for high enough ¢£(cE > 0.45 in
our example), there are two positive values of w that make the society be indifferent
about the entrant’s decision to make or buy the upstream input. In addition, if cf is
low enough, SWjy is greater than SWp for all admissible values of w.

Proof of Proposition 9 From Table 1 we deduce that if ¢£ < ¢! then w, < w**.
Therefore, the entrant undertakes the efficient decision to make the upstream input
itself for w > w,, whereas such a decision is socially optimal only for w > w**.
Since, w** > w,, it can be concluded that the entrant’s efficient decision to make the
upstream input is not socially optimal for w € [w,, w**) and is socially optimal for
w > w**. In addition, regardless of the input price, the entrant’s efficient decision to
make the upstream input is also socially optimal when the upstream cost differential
is very high (see Figs. 4, 5). On the contrary, from Table 1 we deduce thatif ¢c£ > ¢!
then w, > w**. Therefore, the entrant undertakes the efficient decision to buy the
upstream input from the incumbent for w < w,, whereas such a decision is socially
optimal only for w < w™*. It can be concluded that the entrant’s efficient decision
to buy the upstream input is not socially optimal for w € (w**, w,] and is socially
optimal for w < w**. Hence, the efficient make-or-buy decision undertaken by the
entrant is not necessarily socially optimal.

Appendix B

The following is a numerical example used to analyze the impact of input prices on
the social optimality of an entrant’s efficient make-or-buy decision when the down-
stream competition is described by the Bertrand vertical differentiation model. It is
instructive to limit our study to the range of input prices for which both providers are
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Fig. 6 Entrant’s profits as a function of w for CME =04

active in the market. Thus, we assume that w < A;/2 which ensures that Qg > 0

MOp=A) Mk
and £ < 2M3nMEHG hich ensures that Q' > 0. The assumed parameter values
u 2hp—A M

are c,ﬂ = 0.55, A5, = 5 and A; = 3. Therefore, we find the entrant’s profits and the
social welfare level when the former chooses to make the upstream input itself and
when it chooses to buy the upstream input from the incumbent for 0 < w < 1.5 and
0< cf < 1.092. This implies that we discriminate between three cases regarding the
incumbent’s and the entrant’s unit costs of producing the upstream input:
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Fig. 8 Entrant’s profits as a function of w for cZ = 0.55
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Fig.9 Social welfare level as a function of w for ¢f = 0.55

(a) when 0 < cf < 0.55, the entrant has an innate upstream cost advantage. See,
indicatively, Figs. 4 and 5 for the case that the upstream cost differential is high
enough and Figs. 6 and 7 for the case that the upstream cost differential is low
enough;

(b) when cf = 0.55, neither provider has an innate upstream cost advantage. The
derived results are presented in Figs. 8 and 9; and
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Table 1 The values of w** and £ o
. g w w
w, for different upstream cost u ¢
differentials
0.1 - -
0.2 - —
0.3 0.1125 —
0.4 0.2875 0.3023
0.5 0.4624 0.4957
0.55 0.55 0.55
0.6 0.6375 0.5881
0.7 0.8125 0.6268
0.8 0.9875 0.6219
0.9 1.1625 0.5724
1 1.3975 0.4638

(c) when 0.55 < cf < 1.092, the incumbent has an innate upstream cost advan-
tage. See, indicatively, Figs. 10 and 11 for a graphical presentation of the derived

results.
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Table 1 shows the values of input prices w** and w, for different values of ¢ that
affect the upstream cost differential.

Applying the values of Table 1 to Propositions 7 and 8 and combining the derived
results proves Proposition 9 (as proved in Appendix A3). It is worth noting that the
particular values of parameters A;, and A; do not have an impact on the social opti-
mality of an entrant’s make-or-buy decisions. Figures 4—11 present graphically the
derived results of Table 1 when c£ = 0.1, £ = 0.4, cf = 0.55 and ¢£ = 0.8. Each
of these four upstream cost differentials reflects an indicative example of the special
cases described above and in the text.
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