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Access Pricing Under Imperfect Competition:
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Abstract: The study investigates optimal access charges wWhedownstream markets
are imperfectly competitive. Optimal access charpase been examined in the
literature mainly under the condition where onle titncumbent has market power.
However, network industries tend to exhibit an ofiglistic market structure.
Therefore, the optimal access charge under impgedempetition is an important
consideration when regulators determine accesgyebafhis essay investigates some
general principles for setting optimal access obargshen downstream markets are
imperfectly competitive. One of the primary objees of this essay is to show the
importance of the break-even constraint when bestt access charges are not feasible.
Specifically, we show that when the first-best asceharges are not feasible, the
imposition of the break-even constraint on only tipstream profit of the incumbent is
superior to the case where break-even constrailiegpto overall incumbent profit,
where the latter is the most commonly used comgtiaithe access pricing literature.
Bypass and its implications for optimal access gbaiand welfare are also explored.
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Introduction

Industries such as telecommunications, electricigural gas, railroads, water, and the
postal service all have both naturally monopoliatid potentially competitive segments.
Hence, these industries can be viewed as havingrtecal integrated structure. In the
telecommunications industry, local loops can berged as the naturally monopolistic
segment, whereas long distance and the value-addadces can be regarded as
potentially competitive. In the electric power irstiy, transmission and distribution are
naturally monopolistic segments, while electriciggeneration is potentially a
competitive segment. Similarly, in the natural gadustry, pipelines are the naturally
monopolistic segment whereas extraction can besifiled as a potentially competitive
segment. In the railroad industry, tracks and atatiare in the naturally monopolistic
segment while passenger and freight services daenfally in the competitive segment.
All of these industries are similar in the sensattthey contain both potentially
competitive segments and natural monopolistic segne
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Naturally monopolistic segments of these industaes often referred to as bottleneck
segments. Therefore, effective potential competitiequires the non-discriminatory
access to bottleneck segments. Without questionundling and/or access pricing is
the main policy instrument for introducing competit in these industries. In other
words, access pricing is a critical policy for dgriation of industries where a vertically
integrated dominant firm controls the supply ofodtleneck input.

Access pricing is not a new issue in regulatoryneoaics. Its roots derive from the
essential facilities doctrine that dates back tdJ.&. Supreme Court decision for
railroads in the early 20th century. In 1912, theoi@me Court forced the Terminal
Railroad Association to allow its competitors t@ s terminal facilities:* As Sherman
(2008, p. 266) observed following the Supreme Caletision, when a firm has
monopolistic power over a facility that is requideg other firms in order to compete, it
has been argued that other suppliers should hagessicto the facility on non-
discriminatory terms and conditions.

Access pricing became the main policy instrument fegulators after vertically
integrated monopolies were deregulated. Increasgdigm of regulation in the 1970s
and 1980s led to network unbundling with the goflircreased competition. For
example, in Britain before privatizing the natiomailway in 1994, the railways were
sold to approximately seventy companies, and thst important company, Railtrack,
owned and maintained the infrastructfihe.the United States, the most recent example
of unbundling as an industrial policy is the 19%8eéEommunications ActSection 251
(d) (2) of the 1996 Telecommunications Act direth® Federal Communications
Commission (FCC) to determine the specific netweldments that incumbent local
exchange carriers (ILECs) must provide to their petitors on an unbundled basis at
“cost-based” rate$. Nevertheless, the ILECs and the competitive loesthange
carriers’ (CLECs) are at odds with respect to theimg of unbundled network elements
(UNEs) at cost-based rates. The ILECs contendabanhomic efficiency requires that
prices for UNEs be based on the actual, forwardiuwgpcosts. Conversely, the CLECs
contends that economic efficiency demands thateprior UNEs be based on the
forward-looking costs of an ideally efficient ILE& this standard is consistent with the
competitive market structure that the 1996 Telecomigations Act envisioned.

3 See United States v. Terminal Railroad Ass’n, 223,383 (1912) and 236 U.S. 194 (1915).
* The Terminal Railroad Association was an organiradf railroads that owned a railroad bridge
and other facilities in St. Louis, Missouri.
® See Lipsky and Sidak (1999) and Robinson and Weis{®2@08) for detailed review of the
essential facilities doctrine.
8 For more detailed discussion, see Gomez-lbafikz(2003, p. 247, 264-297).
" The 1996 Telecommunication Act Section 251 (d) ([@)determining what network elements
should be made available for purposes of subsetip(8), the Commission shall consider, at a
minimum, whether

(A) access to such network elements as are proprietagture is necessary; and

(B) the failure to provide access to such network efémeould impair the ability of the

telecommunications carrier seeking access to peaid services that it seeks to offer.

8 See Kahn,Tardiff and Weisman (1999) for a compmsive discussion of the economics
underlying the 1996 Telecommunications Act.
9 See Weisman (2002) and Weisman (2000).
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Both approaches can be criticized on various grsuRiist, ILECs may have incentives
to misreport their actual costs. Whether the igadficies of ILECs should be reflected
in UNE prices is another point of criticism. Mor@sythe ILEC might not have proper
incentives to achieve efficiency if UNE prices &@sed on actual costs. On the other
hand, the definition for the ideally efficient ILEE€ unclear, and the proper standard to
determine what constitutes “an ideally efficientEIC is a difficult question to answer.
Moreover as Weisman (2000, p. 196) observed “ltitagrs had sufficient information
to implement the efficient—firm cost standard, cettpn would be wholly
unnecessary.”

Therefore, the complex issue of optimal accessgasalies at the core of deregulation
efforts in network industries. In other words, aisth access pricing policy is crucial for
the efficient development of competition in indiesrwith bottleneck inputs. Moreover,
Laffont and Tirole (2001, p. 98-99) observed thabatimal access charge policy must
serve numerous purposes. It must generate efficiset of networks, encourage
incumbents to invest, promote cost minimizationd aneate an efficient amount of
entry into infrastructure, and do all this at as@#able regulatory cost.

Realizing all of these objectives simultaneouslthwa single policy instrument is
complex. As Laffont and Tirole (2001, p. 99) pomit, the access price is critical in
order to give incumbents the correct signals foeirthchoices of investment in
infrastructure and induce potential competitorsriter into socially desirable segments.

Optimal access pricing has become one of the detdpéics in modern regulatory

economics. In the access pricing literature, thisra distinction between one-way
access pricing and two-way access pricing. In oag-&ccess, pricing only competitors
require vital inputs from the monopolistic incumhelm the case of two-way access
pricing, all firms in the market need to purchaséaal inputs from each other. In this
study we focus on one-way access pricihg.

The purpose of this study is to examine optimakasccharges under an oligopolistic
market structure. Although formerly regulated indies post-deregulation exhibit

properties that are closer to an oligopolistic neadtructure, most of the optimal access
pricing literature focuses on contestable/perfechgetition models. In this respect, we
study key characteristics of optimal access changes simple Cournot competition

model where only one input is necessary for the ratvgam production. This is a

simple framework and many complicated real-worduéss such as asymmetric

information, investment decisions, and dynamics sumppressed. Nonetheless, this
analysis provides a useful starting point for thalgsis and future research.

As Vickers (1995) observed, Cournot competitionulssin market outputs with
positive markups. Hence, a vertically integratedhfhas a markup over the marginal
cost of the input while a competitor will have arkg over the price of the critical
(essential) input. These are downstream markupgh®nother hand, if the access price
exceeds marginal cost, then there would be a semamklup from the upstream market.
Hence, determining the optimal access charge regju@gulators to address these two
markups within the Cournot framework.

V' see Chapter 5 in Laffont and Tirole (2001), Armst@2002, p. 350-379), and Chapters 5 and
6 in Dewenter and Haucap (2007) for studies thatréme two-way access pricing.
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Optimal access charges are closely related to dmeepts of the first-best and the
second-best efficiency. When the non-negativityfiproonstraint of the vertically
integrated incumbent is not taken into accountinagt access prices are the first-best
access prices. However, first-best access priciag result in negative profit for the
vertically integrated incumbent threatening itsafisial viability. This is the case when
the incumbent’s break-even constraint is bindinghatsocial optimum. Therefore, the
effects of the profit constraint must be expliciifken into account. Taking into account
the profit constraint of the incumbent gives risetthe concept of second-best access
pricing.

The non-negativity profit constraint of the incumbés extensively used in the access
pricing literature. The general approach is to éra@na non-negativity constraint that
applies to the overall profit of the incumbent. Hoagr, this potentially distorts
competition in the downstream market since applygntpn-negativity profit constraint
to the overall profit of the incumbent guaranteesmal profit for the incumbent in both
the regulated upstream market and the competitivendtream market. This might tend
to create a bias that favors the incumbent’'s dawast production. Guaranteeing a
normal profit for the incumbent provider leads taliatortion in the retail market by
suppressing at least some of the advantages egpsfotempetition. Moreover, it might
be the case that the incumbent’s inefficienciespassed on to the retail market. In the
competitive/contestable market framework with Hdetaice regulation, guaranteeing
non-negative overall profit may not create a sevidistortion compared with the first-
best output. However, in an oligopolistic marketisture the non-negativity assumption
leads to a potentially large deviation from firgtsb output levels.

One solution for the given problem would be to is@@ non-negativity constraint to

the incumbent’s upstream profit only while deretjatgthe downstream segment of the
industry. One of the objectives of this paper istonpare the welfare effects of these
two policies. To that end, we evaluate the welfan@perties within the Cournot model

and show that imposing the non-negativity constramonly upstream profits provides

higher total welfare than imposing the non-neggtigonstraint on overall profits.

Our simple framework is also used to examine tifecebf bypass. Bypass arises when
the competitor — rather than using the incumbemétsvork — uses an alternative source
for the bottleneck input. We show that under cartainditions bypass can be welfare-
enhancing.

The organization of the remainder of this essapdsfollows. Section 2 provides a
literature review. Although there is a voluminoiterhture on the topic, the focus here
is primarily on studies that explore optimal acoesarges. Section 3 discusses the main
elements of the model. The first-best and secorsl-dmess prices in an oligopolistic
market structure are derived in Section 4. Thisti@ecalso includes the welfare
comparisons of two possible policies regarding tlo@m-negativity constraint of the
vertically integrated provider. In Section 5, thesgibility of bypass and its effects on
optimal access charges are examined. Section @inerthe conclusion.

Literature Review

Since network unbundling has developed into a kalicy instrument for introducing
competition into previously regulated industriebe ttopic has attracted significant
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interest from researchers. As a result, a volunmgnaacess pricing literature has
emerged. However, since our objective is to ingasé general principles for optimal
access charges under an oligopolistic market streictve limit the discussion to studies
that focus on properties of optimal access charges.

Perhaps one of the most important results in thiamap access charge literature is
known as the Baumol-Willig efficient component pmig rule (ECPR). Willig (1979)
and Baumol (1983) advocate the ECPRheir analyses depend on contestable markets
which can be treated as part of a perfect compatifiamework. The optimal access
price of a bottleneck input based on the ECPR shbelequal to the direct incremental
cost of access plus the opportunity cost borne hey ihtegrated access provider in
supplying access. The opportunity cost is the @deserén the incumbent’s profit caused
by the provision of the bottleneck input to a riveherefore, the access charge can be
higher than the direct incremental cost by a sulbisiamargin. The ILECs generally
favor such an access pricing policy. However, thet fthat previously regulated
industries are far from being competitive is a @e&si point of criticism. Moreover, the
inclusion of the opportunity cost term in this fowh access pricing means that less-
efficient incumbents will receive higher prices their input, ceteris paribus.

Spencer and Brander (1983) focus on departures finanginal cost pricing induced by
imperfect competition in industries that requireblicly-produced inputs. As they
assumed the public enterprise has a verticallygnattied structure, their analysis is
conducted with and without the non-negative profibstraint imposed on the public
enterprise. They show that in order to induce theiadly desirable output under
imperfect competition, the first best access chaeggires an input price set below the
marginal cost of the input. However, when the prafinstraint is introduced, the
second-best input price exceeds the marginal dakeanput.

Vickers (1995) examines a vertically integrated uisttly structure with naturally
monopolistic and competitive segments. He examiviesther the upstream monopolist
should be allowed to operate in the deregulatedpetitive sector. Vickers employs a
Cournot model in an asymmetric-information envir@mt) and compares total welfare
under linear and unit-elastic demand functionshm tases of vertical integration and
vertical separation. Vickers’ analysis reveals thataccess charge should be higher or
lower than marginal cost depends on whether thebeurof firms in the downstream
competition is sensitive to the level of the accekarge. In particular, his analysis
suggests that when the number of firms is sensitivibe level of the access price, the
optimal access charge should be above the margassl and vertical integration yields
higher welfare in this case. Conversely, if the bemof firms in the downstream
market is insensitive to the access charge, thienapticcess price should be set below
marginal cost, and vertical separation producelkdrtigvelfare results in this case.

Laffont and Tirole (1994) investigate optimal accq®ices in a competitive fringe
model using a principal-agent framework. In theialgsis, the key assumption is that
the regulator can make up any possible earningsiele€y for the incumbent using
public funds. The authors show that the first-laestess pricing should be marginal cost
pricing. However, when marginal cost pricing result an earnings shortfall for the

" see also Chapter 7 in Baumol and Sidak (1994).
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incumbent provider, competitors should contribatehie fixed cost of the network. The
authors state that the contribution takes the fofnan access charge exceeding the
marginal cost of the input.

Armstrong, Doyle and Vickers (1996) use a compatifringe model to show that the
ECPR can be a useful benchmark for determiningr@taccess charges. They analyze
the precise meaning of ‘opportunity cost’ undefatihg demand and supply conditions.
Throughout their analysis, they assume that theepior the downstream product is a
choice variable for the regulator while competitdake this price as given. In the
benchmark case, they show that the optimal acckasge should be equal to the
marginal cost of the bottleneck input when the mbent’s break-even constraint is not
binding at the social optimum. Conversely, if thedk-even constraint is binding at the
social optimum, the optimal access price shouldeedamarginal cost. Moreover, their
results reveal that the latter benchmark case pritte regulation implies an optimal
charge fully consistent with the ECPR.

Armstrong and Vickers (1998) extend the analysidrofistrong et al. (1996) to the case
where there is a retail price deregulation. Thehaust analyze a model for a
homogeneous product and price-taking rivals. They that the optimal access charge
can be above, below or equal to the marginal cb#teobottleneck input. In particular,

when the demand and rival supply for the downstr@gaoduct is linear, the authors
show that the optimal access price should be sgiléq marginal cost as long as the
break-even constraint is not binding. However, Hasm the demand and the
competitors’ supply functions, the optimal acce$mrge can be above or below
marginal cost.

Armstrong (2002) provides one of the most comprsivenstudies to date in the access
pricing literature. By making use of unit demanémpetitive fringe, perfect retail
competition, and partial deregulation models, Arosj examines topics such as the
foreclosure problem, fixed retail prices, unregedhprices and bypass. In this study, he
sheds light on topics such as access charges, dyrssues and two-way access pricing
in the telecommunications industry.

M odel

The incumbent is a vertically integrated producethis model, and a monopolist in the
production of the essential input. The essentiplins assumed to be the sole input
necessary for the production of the downstreamymbdrhe incumbent’s downstream

affiliate and (n-1) competitors produce and matketretail product. The upstream and
downstream production technologies are assumedttibie constant returns to scale.

The incumbent’s marginal costds The incumbent sells the essential input to italsi

at unit pricew. The price of the essential input is determinedths regulator. The

incumbent’s and a representative competitor's dovwas production are denoted by

ql' andg , respectively. For simplicity, we assume thanadir inverse demand function

is given byP(q{ +zin:2q). where P'(QJ<0 and P"(]=0.
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The incumbent and the (n-1) competitors are assumedgage in Cournot competition
in the downstream market. The profit functionshe tncumbent and the representative
competitor are given, respectively, by:

N =w-9> g+(RQ-49 ¢,and (1)

izl
N, =(PQ-wqg, @)

where' and IM; are profits of the incumbent and the representatovapetitor. The

first term in (1) is the upstream profit that thecumbent realizes from selling the
essential input to the competitors. The second isrthe incumbent’s profit from its
downstream operations. The essential input costssimed to be identical for the
incumbent’s upstream and downstream affilidfes.

The regulator has full information regarding thend@éd, cost structure and the nature of
competition. The following two-stage game is coesédl based on these assumptions.
In the first stage, the regulator’s objective ieftablish an optimal access charge. In the
second stage, the incumbent and the (n-1) competiike the input price as given and
engage in quantity competition in the downstreantketa Finally, consumers make
their purchase decisions after observing the mantiee.

Main Findings

Assuming an interior solution, the first order nexary conditions of the incumbent and
the representative competitor for the profit maxziation are the equality of marginal
revenue and marginal cosm'q{ +P=candP'q + P= w. Totally differentiating the

first-order conditions and allowing for an infinsienal change in the price of essential
input yields:

P'dq + P'([ﬂ.( dg+y. " dq): 0 and P'dq+ P'([ﬂ.( dd +y " dg) = dv .

Solving the previous n equation system yields:

I _ _ n-1
=D dw, and )
2
dg = (n+1)P" dw. (4)

The measure of total welfare employed here is tiveeighted sum of consumer surplus

and total industry profits, oV = CS+ I'Ii +zn zﬂi , where consumer surplus (CS) is
=

given byU (q{ +zin:2q)— P(E(d. +Zn:2 ‘H)-

2 The regulators impose parity requirements on eafti integrated producers in order to prevent
sabotage. See Sappington and Weisman (2005, pfddi@pte 3.
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Proposition 1 specifies the general principles raigg the optimal access charge under
the stated assumptions.

Proposition 1: At the welfare optimizing essential input price), tfie downstream
product price equals the marginal cost of the esakimput in the downstream market,
and (ii) the optimal access charge is lower thae tharginal cost of access under
specified assumptions.

Proposition 1 (i) states that the welfare-optimigaccess price in our simple Cournot
framework enables market price to equal marginat far the critical input. In a sense
this is the first-best access charge. Therefotecative efficiency can be attained at the
optimal access charge.

Two observations are instructive regarding thet-fiesst optimal access charge. First,
when price equals marginal cost, the incumbent's/rdtream production is zero
according to the necessary first-order condition e incumbent? This result is
consistent with Vickers (1995f.Second, based on the first-order condition of the
competitor, its downstream production is positifeand only if the optimal access
charge is lower than the marginal cost of accebs fesult is identical to Spencer and
Brander (1983). They showed that in the case aft-best pricing of a publicly
produced input with imperfect downstream competitithe input price should be lower
than marginal cost of the input and downstream pebgrice equals marginal cost.15
Based on these observations and Proposition blliwis that the regulator uses the
upstream markup to achieve the first-best outpuellén the retail market. In other
words, by charging less than the marginal costHerbottleneck input, the regulator is
subsidizing access to harmonize the downstreamuptgtice with the marginal cost of
production. The key point here is that the regulatimpensates for downstream market
power by reducing the critical input price belowrgiaal cost to increase output in the
retail market.

Henceforth, for analytical convenience and claintgomparisons of various regulatory
policies, the market inverse demand function fer doewnstream product is assumed to
have the general form:

Assumption 1: P(Q):a—/}Q:a—,B(q + et Q.)

wherea >0 and 8> 0.

13 0ne logical question concerns why the incumbent’é downstream production is zero at the
first-best access charge. In other words, is thentbent able to reduce its losses in the upstream
market by producing positive output in the dowrmtnemarket? To answer this question, note
that the first-best access charge results in mamket equal marginal cost)(in the equilibrium.
Therefore, if the incumbent firm produces some tpasiquantity for the downstream market at
the optimal access charge, the market price fodtvenstream product should be lower. Hence,
producing positive output actually increases tleeimbent’s losses in this case.

14 Vickers shows that in the case of linear demaritensthe vertically integrated producer is
allowed into the downstream market, welfare is lottean the case where it is not allowed into
the downstream market. Hence, Vickers’ result camkerpreted as the incumbent’s downstream
production is zero at the optimal access price.

15 see Spencer and Brander (1983) Proposition 1.
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To solve the sub-game perfect Nash equilibriumte&f two stage game, backward
induction is employed. In this respect, we firslveofor the equilibrium values in the
second stage. The incumbent’'s and a representairapetitor's profits under

assumption 1 are:

n, =(w—c)iq+[a—ﬂq -BY 9- c} 4. -

il [EXN
and

IENE:]

Lemma 1 summarizes industry profit and consumaslgsifor the specified model.

Lemma 1: When Assumption 1 holds and the downstream maslataracterized by
Cournot competition, the equilibrium incumbent'ofil; representative competitors’
profit and consumer surplus are given, respectiviayy

af+c—2w+(a—nc+(n—1)V\)2

I — (vw— —
My =(w-o)(n-1) A D B 1) @)
n (n-D(a+c- 2vv) _
IZI'I, e : and (8)
(na-c—-(n- 1)V\)
©s= 2B(n+1y? ©)

Total welfare (V) is assumed to be the unweighted summation of(8J)and (9). The
optimal access chargev( for the essential input can be found by maxingztotal
welfare V) with respect to the access prieg).(Hence, the optimal access charge is

given by w =(nc-a)/(n-1)."® Note thatw is the access charge that allows the
market price for the downstream product to equalrtarginal cost of the input. This is
the first-best access pricing policy amd = (nc-a)/(n-1) is lower than marginal cost

of the input. Hence at the first-best access pitieeincumbent makes negative profit
from the upstream market. In addition, as previpsshted, the optimal access charge

16 Notice that the first-best access chavg*e:,%, increases with the number of firms).(

* —
Moreover, lim w =17
+ n-1

best access charge approaches the marginal ctiet wfput. This result is not surprising since as
n approaches to infinity, the firms become priceetakand the results of the model become
consistent with the perfect competition modelsother words, a® grows large, the regulator
needs be concerned less with downstream marketrpang hencev approaches to.
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leads the incumbent’s downstream affiliate to motdpice any output in the downstream
market. Therefore, the vertically integrated praefucnakes negative profit at the

essential input pricev since the incumbent’s break-even constraint wiilidbat the
social optimum. In the case where no lump-sum femssare available to cover the
incumbent’s losses, this access charge is notileasi

Since the first-best access pricing policy is irgistent with the financial viability of
the incumbent provider, the regulator may opt ttedeine the optimal access charge
under the break-even constraint. There are twoilgiiiss regarding the break-even
constraint from the regulator’s perspective. Thst fpolicy option is that the break-even
constraint for the incumbent applies to the incumtiseoverall profits. The second
policy option entails applying the break-even caaist to the incumbent’s upstream
activities only. Vickers (1995, p. 14) summariziesse two possibilities in the following
statement in which he contemplates extensionssodutalysis:

“It has been assumed that the participation coimstfar M (vertically integrated
incumbent) applies to its profits overall, inclugirprofits from the downstream
competitive activity... Indeed, it is more in the ripof deregulation to allow the firm
independently to take it chances along with otlenpetitors in deregulated activities,
and not to prejudge the outcome of competition ghefThis suggests that a more
realistic formulation might be to require that M latst break even in its upstream
regulated activities.”

However, Vickers does not actually conduct the faramalysis that he contemplates.
Throughout the vast optimal access pricing liteiathat focuses on the non-negativity
constraint of the incumbent’s overall profit, torcknowledge there is no study that
concentrates on a non-negativity constraint appéadlusively to the incumbent’s
upstream profit. One reason for this is that thedet® used in the previous studies
include perfect downstream competition with priegulation. In these models, there is
no business-stealing-effect unless there is prodiftgrentiation. When downstream
competition is imperfect, implying that each firm the downstream market has some
degree of market power, a one-for-one displacera&nutputs from the incumbent to
the competitors typically does not hold in equilion. Therefore, the regulator solves
the following problem:

max CS+ nI‘Ii+(r1'u+|'|')
izﬂ‘, 1 1d (10)

st. M, +6M,=0

where HD[O,J], 4 > 0 is the Lagrange multiplier arid,, and M, denote upstream

and downstream profits of the vertically-integratectumbent, respectively. The
boundary points on this closed interval charactetizo possible break-even constraints
under examination. Wheél =0, the break-even constraint applies to only incumtibe
upstream market. Conversely, whé@rr 1, the break-even constraint is implemented for
the total (upstream and downstream) profits ofiticembent.

Finding the optimal access charge for the incunibgmbfit constraint requires solving
the regulator’s constrained maximization problen{lifl). The second-order conditions
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are assumed to hold, hence, the focus is on arndns®olution here. The optimal access
price can be found by setting the derivative oflthgrange function equal to zero and
solving it for the access charge)(’ The optimal access charge is given by:

. (26(1+2)+A(+1)-Ja—-(Dn( ¥ A)- A 6+ 2 I c "
" (n-1)(3-20(1+ 1)+ 4 o+ ) B

The optimal access charge in (11) is the seconddms®ss charge. Notice that the
optimal access charge exceeds the marginal cosicadss?® This implies that the
second-best optimal access price allows the incatiddownstream production to be
positive.

Lemma 2 summarizes industry profit and consumeplssrin the model at the optimal
access charge when the incumbent’s profit congtimininding at the social optimum.

Lemma 2: When Assumption 1 holds and the incumbent’s profistraint is binding at
the optimal access charge, the equilibrium valuetld incumbent’s profit, the
competitors’ profit and the consumer surplus aneegi by:

! = n-1(20+A)+An+D)-3J(3+ 2- B (1)
B [(n-1(3-28@rA)+ 4 g+ 1)

(@-c)’

) (12)
1 An+3)@=c) } |
|

ﬁ{(n—l)((%— 21+ 1)+ 4 o+ 1

b o0l (r2-@ard) ec) |
iZZ:ni B I:(n—l)(S—%(l+A))+ N+ 1)} ; and (13)

CS:i

27 (14)

[(n-1)(3- 200+ 1)+ @+ 1) a—c)ZE
(N-1)(3- DA )+ 4 + 1)

Equations (12) — (14) define total social welfaneder the optimal access charge.
Specifically, whend =1, equations (12) — (14) denote total welfare urttlersecond-
best optimal access charge when the break evenrammsapplies to the incumbent’s

Y The focus here is an interior solution where tba-negativity profit constraint is binding at
social optimum. Therefore, we only discuss theltesaf Kuhn-Tucker conditions whe#g0. In

the case wherd=0, we have unconstrained optimization whose reshiétge already been
discussed above.

B The mark-up in producing the bottleneck inputhet optimal access price for the incumbent is

e 2001+ D)+ An+1)-3
given by (n—1)(3-26(1+4)) +4i(n+1))(a—c) where the

denominator is unambiguously positive. Hence, thintal access charge exceeds marginal cost
if 201+ 1)+ A(n+1)- 3> 0. Sinced is a positive exogenous value determined by tiyelator,

there always exists a positive value\dbr differentd’s that satisfy this inequality.
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overall profit. Conversely, whefl =0, equations (12) — (14) define total social welfare
under the second-best optimal access price wherbithak-even constraint for the
incumbent applies to its upstream profit only. Rifjon 2 provides a comparison of
the two possibilities regarding the break-even tairs for the incumbent.

Proposition 2: Assume that Assumption 1 holds and the downstreankemis
characterized by Cournot competition,

(i) The incumbent’s profit is higher when the beesven constraint for the incumbent
applies to its overall profitgd =1),

(i) The consumer surplus, the competitors’ prafid total welfare are higher when the
break-even constraint for the incumbent appliegstapstream profit only{@ =0) .

The findings of Proposition 2 are intuitive regaglithe incumbent's break-even
constraint. When the break-even constraint is ¢hioced, the optimal access charge
results in a welfare reduction relative to thetfliest optimal access charge. In addition,
the higher price-marginal cost markup for downstreautput, the greater the welfare
loss, ceteris paribus. Applying the break-even taimg to the incumbent's overall
profit including its profits from downstream actieis leads to a higher markup over the
marginal cost compared to the case when the breatk-eonstraint for the incumbent
applies to the upstream profit only. In other woragplying the break-even constraint
to the incumbent’s overall profit leads to a higdewiation from the first-best optimal
access charge than applying it to the incumbenpstraam profit only. Therefore,
applying the break-even constraint to the incunibamistream profit only yields both a
lower access charge and a market price closer tginaé cost, ceteris paribus.

Notice that the incumbent’s downstream productfopositively related to the access
price. The same observation is also true for thartbent’s overall profit due to the fact
that the second-best access price exceeds maogisiadf the bottleneck input. On the
other hand, a competitor's downstream productiah@ofit are inversely related to the
access price. Thus, as compared to the case wiereoh-negative profit constraint is
restricted to upstream profit, the incumbent’s dstneam output and profit increases
when the non-negativity constraint applies to olNepaofit. For competitors, the
converse is true. In addition, the competitors'durction falls by more than the increase
in incumbent’s production. Therefore, higher acogsarges lead to a decrease in the
market equilibrium quantity. Hence, consumer swgphill be lower in the case where
the break-even constraint applies to the incumbenterall profit rather than its
upstream profit only. This implies that social vee#f is lower due to the fact that the
overall decrease in the entrants’ profit and coreusurplus outweigh the increase in
the incumbent’s profit.

Hence, when the downstream market structure ipdlistic rather than competitive,
regulators must exercise caution in applying threakfeven constraint on the operations
of the incumbent provider. To wit, applying a brealen constraint to overall profits
rather than limiting it to upstream profits tendgésult in higher market distortions and
hence larger reductions in social welfare.
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Bypass

It is common in the access pricing literature tosider the effect of the entrants’ ability
to substitute away from the incumbent’s networkisTdoncept is generally referred to
as bypass. Armstrong, Doyle and Vickers (1996)estat reasons why the fringe is
able to bypass the incumbent’s access servicghégi)fringe may supply the access
service itself or purchase it from a third partyddii) the technology used by the fringe
is a variable-coefficient technology and for higtcess charges the fringe may use
proportionately less of the bottleneck input. Thenpetitive fringe model of Armstrong,
Doyle and Vickers reveals that the possibility gfpass reduces the optimal access
charge compared to the non-bypass scenario by irgdube displacement ratio.
Additionally, Armstrong (2002, pp. 323-324) suggesthat when competitors have
bypass opportunities, both the market price forfihal product and the access charge
are priced above marginal cost.

We assume thah of n-1 firms make their own input, and hengel-mfirms buy the
bottleneck input from the incumbent. Note that tlvenber of firms that make the input
is exogenous. Furthermore, for simplicity, we assuthat the marginal cost of
producing the input is alsofor the competitors who bypass the incumbent, (imake
their own input). One possible explanation for havthe same marginal cost with the
incumbent would be the marginal cost is the restfilicost minimizing production
technology of the bottleneck input. Therefore, phefit function for the incumbent, one
of mfirms and one ofi-m-1firms are given as follows.

Ny =w-0 Y, q+[a—ﬁd—ﬁ2 G- c} q, (15)

n-m-1 izl
n;“:[a-ﬁq _'BZ qj—c]q,and (16)
i=Lj#
I"F=[a-ﬁq -8 qj—WJq- 17)
i=L)#i

Lemma 3 summarizes the components of total socitflave in the case of bypass. In
this respect, we obtain total industry profit ar@hsumer surplus at the equilibrium
whenm of n-1 competitors can bypass the incumbent’s network.

Lemma 3: When Assumption 1 holds and the downstream magkshdracterized by
Cournot competition, the equilibrium incumbent'ofit; the competitors’ profit and
consumer surplus are given, respectively, by:
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n! = (w-o(n- m_1)af+(m+1)c—(m+ 2)w

B(n+1)
+i[a—(n—m)c+(n— m1) W (18)
J4 (n+1)y?

M:m[a—(n—m)c+(n— m-1) \/]/2_ 19
Zm“rl' B (n+1)? ' .
—m-1[a+(m+1)c- (m+ 2) W}’ (20)

le'liB =0 ; [ Ve W and
- — 7 21
cs= 21[3[”” (m+1()n0+1()2- m-1) [ @D

Summation of expressions (18) — (21) yields totaia welfare. It is straightforward to
show that the optimal access charge when the inentihbudget constraint is not
binding at the social optimum. The first best opimaccess charge is

W =((n—m)c-a)/(n—-m-1) in the bypass case. First, notice that when the

number of firms that make the input)(is zero,w is equal to the first-best access
charge when bypass is not feasifleSecondw” decreases with the number of firms
that can bypass.

Therefore, this optimal access charge would bditsiebest optimal access price in this
case, and once more the first best optimal acdemge equates the market price to the
marginal cost of the input, @ However, the first-best optimal access chargdddaa
the same qualitative results as in the non-bypase.dn other words, at the first-best
optimal access charge, the downstream productionthef incumbent—and the
competitors that make the key input-is zero, siheoptimal access charge is lower
than the marginal cost of the access. Hence, thanibent’s financial viability is
threatened in the bypass case as well.

The regulator’s objective is therefore to deterntime optimal access charge under the
non-negativity profit constraint for the incumbenprofit. We previously showed that
applying the non-negativity constraint to the indaent's upstream profit only yields
higher welfare in the non-bypass case. Therefore, assume that the regulator's
objective is to determine the optimal access chavgen the non-negativity profit
constraint applies only to the incumbent’s upstrgaofit. In this case, the regulator’s
problem is given by:

Ysee page 11.
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max CS+3 M, + (M, +M;,)
izﬂ‘, 1 1d 22)

st. ! >0

u =

where A >0 and M, and M, denote upstream and downstream profits of the
vertically-integrated incumbent, respectively.
The optimal access charge can be found by settingderivative of the Lagrange

function equal to zero and solving it for the ascebargeW). Therefore the optimal
access charge is given by

W = A(n+D) -1+ ((n— M)+ A (n+1)(3+ 2m))c[
(m-n-1)+ 21 (n+1)(m+ 2)

The expression in (23) characterizes the seconddmxess charge. Notice that the

second-best access price exceeds the marginabfcthst input?® Hence, the incumbent

and the competitors that provide their own inpalire positive downstream production
at the second-best access price.

(23)

Lemma 4 summarizes equilibrium industry profit amshsumer surplus in the model at
the optimal access charge when the incumbent'stparstraint is binding at the social
optimum.

Lemma 4: When Assumption 1 holds and the incumbent’s profistraint is binding at
the optimal access charge, the equilibrium valudésti® incumbent's profit, the
competitors’ profit and the consumer surplus aneegi, respectively, by:

qi -n-m-1 (An+1)-1)(A(m+2)+1)

F(@=cy’
B [(n-m-1)+ 24 (n+ 1)(m+ 2) 24
1 A(n+m+3)@-0) 2.
B| (n-m-1)+ 21 (n+ (m+ 2)|
> :m[ Mme ne3) @9 T; (25)
v B (n—m=-1)+ 21 (n+)(m+ 2)
zniB:n—m—l[ (A(m+2)+D@-c) T;and (26)
= B (n-m=-1)+21(n+1)(m+ 2)

2 The mark-up for the bottleneck input at the optimacess price for the incumbent is
w _e= AnD-Iia—c)

O M A (eI D) where the denominator is unambiguously positivendde the

. . o1
optimal access charge exceeds marginal cosblh .
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Expressions (24) — (27) define total welfare at $heond-best optimal access charge.
Proposition 3 provides selected comparative stdticschanges in the second-best
optimal access charge/) and welfare\(V) in the presence of bypass opportunities.

Proposition 3: Suppose that Assumption 1 holds and that downstieanpetition is
characterized by Cournot competition. At the seebest optimal access charge: (i)

W0 and (i) 2 >0,
om om

First, it is straightforward to show that the setdmest optimal access charge is
inversely related to bypass opportunities. In otlwerds, as the number of firms that
makes their own input increases, the second-beStalp charge approaches the
marginal cost of access. This results in higheilibgwm market output. The rationale
for this finding is that there are fewer firms r@qmg the input from the incumbent
compared to the non-bypass case. Hence, there are firms producing the
downstream output at a marginal cesivhich is lower than the second-best optimal
access price. Therefore, the regulator can setvarl@access charge compared to the
non-bypass case by lowering the mark-ups of atidirHence the effect of bypass is no
different than the effect of an industry-wide castduction under the Cournot
equilibrium.

Since the equilibrium market output is higher wiypass, the consumer surplus is also
unambiguously higher compared to the non-bypass. clse incumbent’'s profit is
unambiguously lower in the bypass case. This cashb&n by taking the derivative of
the expression given in equation (24) with respet¢he number of firms that make the
input (M). Unlike the consumer surplus and the incumbgmidit, the manner in which
bypass affects the competitors’ profit is ambigusinee it depends on the initial value
of m. However, total welfare unambiguously increaseth wiypass. This is due to the
effect of the lower markups discussed above.

Conclusion

Although deregulation typically results in mark&ustures that are closer to oligopoly,
the access pricing literature has focused primarilycontestable/perfect competition
models. This essay addresses that issue with desi@gurnot competition model with
perfect information. This simple model yields somseful results concerning optimal
access pricing in imperfectly competitive markeisvertically-integrated industry is
assumed to be deregulated and the formerly regufata is the only provider of the
bottleneck input in the upstream market and onenofompeting firms in the
downstream or retail market in which all firms pess some market power.

Whenn firms engage in Cournot competition, the firsttbescess charge equates the
market price of the downstream product to its nragicost. However, the first-best
optimal access charge is not feasible without gowemntal transfers since it threatens
the financial viability of the vertically-integradefirm. On the other hand, the second-
best optimal access charge exceeds the marginal ofoaccess. The regulator is
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assumed to have two policy options for determining second-best optimal access
charge: (1) The regulator could apply the non-rigijatconstraint to the incumbent’s
provider overall profit; or (2) The regulator coulthpose the constraint only on the
upstream profit of the incumbent provider. Our Hssguggest that the latter yields
higher social welfare. The policy implication ofighesult is that regulators should be
cautious in determining the access prices in ingoérarkets when they are required to
satisfy a profit constraint for the vertically igtated firm. Specifically, imposing the
non-negativity profit constraint on the overall firmf the incumbent may introduce
distortions in the downstream product market ardlice economic welfare. We also
examine the effect of outsourcing by allowing soofethe firms to bypass the
vertically-integrated firm’'s network. With efficienbypass, our model reveals that
optimal access charges decrease and welfare iesieateris paribus

The model developed in this paper uses a very sinflmework and therefore
suppresses some complicated real-world issueseXxample, throughout the analysis
the total number of competitors and the number ofmpetitors that bypass the
incumbent firm’s network are assumed to be exogenddditionally, we assume the
regulator has perfect information regarding thet @sl demand structures. We also
disavow the possibility that the vertically-intetga producer engages in sabotage or is
subject to moral hazard problems. Given that theumptions of our model are
somewhat restrictive, developing more general nodéth less restrictive assumptions
would prove fruitful in terms of future research.

Appendix- Proofsfor Propositions
Proof of Proposition 1: Total welfare is the unweighted sum of consumeplsis and

total industry profitswW = CS+ ﬂi +z:in_zl"li , where consumer surplus is given by

U (ql + inzzq )— P([I(d +Zn:2 q). Totally differentiating total welfare yields

dw = dCS+Zn: @, + @, (A1)
i=2

dcs=- p(m( d§ +( 1) d,a)( b+ ( R i‘) (A2)

Zdni :(n—l)(P'([)]( dd +(n-1) dg) g-(rl)gdw( P d)} (A3)

i=2

dny =(n-1)(qdws (w- 9 dg+ FO( da+( rD) gl jar ( P )cld (A4)

Substituting (A2), (A3) and (A4) into (Al) by makjruse of (3) and (4) yields
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- - (n-1)
dw=(P-9( dd+( 1) dd=( P Farpe O (A5)

and therefore

awW _ . (n-1) _
aw - Py (A6)

Equation (A6) characterizes the welfare optimizaugess price in our simple Cournot
model, one that equates the market price with tre¥gmal cost of access. This
completes the proof part (a). To prove part (b}ertbat the first-order conditions for
the profit maximization condition of a representatcompetitor isP'q + P= w. The
first-order condition with P=c implies thatg >0 if and only if w<c. This

completes the proof of part (b).

Proof of Proposition 2: In order to prove part (i), take the derivatioé the
incumbent’s profit in (12) with respect ®:

any _2AWA)p-1(0+ 3f @-cf(3- B @Ay 2)

oC A7
08 B[(-1(3- B+ A)+ 4 o+ 1f (7)
Hence, the incumbent’s profit increases with This implies that incumbent’s profit is
higher when the break-even constraint for the irfoemb applies to its overall profits.
This completes part (i).

Similarly, to show that part (ii) holds we take tHerivative of the competitors’ total
profit, given in equation (13), and of consumerpsus given in equation (14), with
respect tod. Therefore:

a(Zin:znij __8A@+A) -1+ @-cf (3D @Ay 2) .

- oC (A8)
08 Bl(n-1)(3- 28+ 1)+ 4 (+ 1)

Hence, the competitors’ total profit decreases Vithso the competitors’ total profit is
higher when the break-even constraint for the inoamh applies only to its upstream
profits.

acs__ 2+ A)n-Dn+ e -cf| (13 B #A)+A @ 1}<0[
06 B[(n-1)(3- D@ 1)+ 4 o+ 1)

(A9)

Similarly, consumer surplus is lower when the break&n constraint for the incumbent
applies to its overall profits since the consumephis is decreasing ifl.

Summing (12) — (14) yields economic welfare. Takihg derivative of economic
welfare with respect t@ yields
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oW 2221+ A)(n-1)(n+ 3¢ @ - cf
FY 5 <0 (A10)
9 pl(n-1)(3-20@+1)+ 4 i+ 1)

Hence, total welfare is decreasingén This implies that total welfare is higher when
the break-even constraint for the incumbent appiely to its upstream profit. This
completes part (ii).

Proof of Proposition 3: Taking the derivative of (23) with respectrtoyields:

W___(+)-D@AE D o
om  (n- m1)+2i(n+1)(m 2)

(A11)

Therefore, the second-best optimal access chadgrigasing im

Summation of (24) — (27) gives the total welfaretts# second-best optimal access
charge. Taking the derivative of total welfare wiglspect ton yields:

dW _ 2 A?(n+ (A + m - (m+ - 3)

2
~0?>0
dm B ((n-m-1)+ 24 (n+ (m+ 2)° (@=o> (A12)

Hence, total welfare increases with bypasgeris paribus
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