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ABSTRACT

This paper considers an incentive regulation in the telecommunications industry with respect to the sale of
retail and access services. This regulation scheme induces the monopoly carrier who owns bottleneck facilities to
adopt socially optimal outcomes when providing access and retail services. It is well known that upstream
carriers can realize an integrated level of profit, without integration, by means of a two-part tariff. First, this
paper introduces a framework for regulating an access and retail price combined with budget balancing. Second,
this paper introduces two-part tariff (price discrimination) scheme for both access (upstream) and retail
(downstream) services and discusses the resulting implications for incentive regulation when the regulator has
incomplete information about cost functions. By imposing a self-selection mechanism, the regulator can induce

firms to adopt socially optimal prices in both access and retail markets.

I. Introduction use access to complete their services. In addition,

as the interconnection among carriers has become

Access charges have been a hot topic among more complex, there have been many disputes
telecommunications operators because they relate over which elements should be included in net-
tocompetition in retail markets where providers work costs for the purposes of calculating access
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charges. The regulator requires much information
about the cost structure of regulated firms, if it is
to simultaneously recover the investment cost and
avoid giving excess profits to the firm. Therefore,
an incentive regulation scheme that requires less
information about cost and demand functions and
gives more flexibility to the firm would be
desirable.

There are two types of interconnection that
have been modeled: one-way interconnection and
two-way interconnection. One-way interconnection
means interconnection between networks possess-
ing subscribers (i.e., local networks) and networks
possessing no subscribers (i.e., long distance net-
works). On the other hand, two-way inter-
connection means interconnection between net-
works with subscribers (ie.,, between local and
mobile networks).This paper deals with one-way
interconnection. Armstrong, Dole, and Vickers
(1996) providesgood insight into one-way inter-
connection by explaining the long-run increment
cost (LRIC) condition and the ECPR (Efficient
Component Pricing Rule). ECPR means that the
access charge is equal to the opportunity cost of
the retail service, plus the marginal cost of pro-
viding the access service. The ADV model sug-
gests that the retail service price and access
charge that maximize social welfare are equal to
the long-run increment cost (LRIC) of each
service. In addition, this model suggests that the
optimal access charge for maximizing social wel-
fare follows the ECPR, when the retail service
price is externally given. The former, LRIC, re-
sults when the regulator sets both the retail serv-
ice price and the access charge, and knows the
cost of the carrier and the demand function of
the consumers. The latter, ECPR, results when the
regulator determines only the access charge (this
assumes that the retail service price is already
given). However, if the retail service price differs
from the cost of the carrier, either because the
regulator incorrectly estimates this cost, or be-
cause of the presence of political influences on
the regulation of the telecommunications industry
(i.e., universal service), then the ECPR may be a

weak solution, in that it may guarantee excess
profits to the monopoly carrier.

Unfortunately, the regulator does not possess
full information aboutthe cost function or the de-
mand function of the consumers. The classic
study on access charge regulation with information
asymmetry between the regulator and a monopo-
list is that of Laffont and Tirole (1994). Under
the L-T scheme, the regulator determinesa uniform
retail price and a uniform access charge by means
of a truth-revelation mechanism. In contrast, this
paper introduces a two-part tariff on retail and ac-
cess services, but allows the regulated firm to set
prices on its own.

Models of access charge regulation are usually
based on a uniform vpricing system. However,
Valletti (1998) has also introduced a two-part ac-
cess pricing system. This model suggests that ac-
cess charges should be set not by the monopoly
carrier but by the regulator. In such a case, the
regulator must have information about the cost
and demand functions. However, if the monopoly
carrier were allowed, instead, to determine its
own price, such information would not be
necessary.

This paper first surveys the earlier studies
about regulation of access charge and retail price
in the respect of budget balancing and regulatory
options (only access charge regulation or both ac-
cess charge and retail price regulation). Second,
the present paper proposes an incentive regulation
system that induces the monopoly carrier to adopt
the socially optimal prices with respect to retail
and access services, and compares this scheme
with the earlier studies. Third, the some im-
plications on the incentive regulations are
discussed. Fourth, the effects of anticipation of
the regulatory scheme are discussed. Finally, this
paper summaries and concludes.

I. The literature surveys

2.1 The regulatory framework and basic
model
We can get the regulatory framework based on
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two dimensions of budget balancing and regu-
latory options (only access charge regulation or
both access charge and retail price regulation).
This means that the regulator must consider the
budget balancing as well as the optimality. The
budget balancing means that the incumbent pro-
viding access service recovers the investment cost
through the retail price in excess of the marginal
cost when the incumbent has an increasing returns
technology. This assumes that the incumbent will
not make a loss with the access charge. However,
if this access charge does result in a loss, the op-
timal access charge will be the lowest charge that
allows the incumbent to break even. On the other
hand, the regulator can handle the access charge
or both access charge and the retail price. This

framework can be summarized as in Table 1.

Table 1. The regulatory frame work

Budget Balancing | No Budget Balancing

Access  Charge I I
Regulation

Both Regulation I I\%

The typical study of type I is the basic model
of Armstrong et al (1996). Armstrong et al
(1996) examined the access pricing problem in a
model where the retail price of the dominant firm
is fixed by previous regulation (for example, cross
subsidy guaranteeing budget balancing because of
universal service). They investigated this problem
with the break-even constraint of the incumbent
access provider and analyzed what is meant by
the incumbents’ “opportunity cost of access” in
more general circumstance. They found that opti-
mal access prices can be characterized in terms
of “marginal cost plus the opportunity cost”
(ECPR) when the incumbent’s retail price is taken
as given.

The study of Armstrong and Vickers (1998)
constitutes the type II. They extend the first mod-
el (type I) to introduce the retail price
deregulation. This paper shows that the optimal
access charge may be above, below, or equal to

marginal cost when this is the only instrument of

102

regulation.

The type Il is relevant with Ramsey pricing
rule. This describes the welfare-maximizing form
of pricing for the incumbents products (including
access), subject to a break-even constraint for the
incumbent. Finally, type IV means a first best
optimality. The access charge and retail price are-
set equal to marginal cost, respectively. However,
type IV is not easy to design and operate a regu-
lation scheme. The present paper proposes a regu-
lation corresponding to type IV. We reuse the ba-
sic model of Armstrong et al (1996) to compare
the first three models with our proposed regu-
latory scheme.

Suppose that there are potentially two firms in
an industry that produces a single final product:
an incumbent and an entrant (alternatively, a com-
petitive fringe). The supply of a vital input,
which we call access, is assumed to be fixed as
a result of a natural monopoly; for instance, this
input may be monopolized by the incumbent firm.

Let C(r,2)be the cost incurred by the incumbent
firm (monopolist) when it supplies runits of the

final product to consumers and Z units of access

to the entrant. Thus, C, is the monopolist’s mar-

ginal cost of providing access to the entrant, and

C, is the monopolist’s marginal cost of providing
the final product to consumers. The entrant re-
quires one unit of access from the monopolist for
each unit of the final product that it supplies
itself. Suppose that, when the entrant has ¢ units

of access, it incurs an additional cost c(q) to
supply 9 wunits of the final product. Its marginal
cost is denoted by c¢'. Uniform access pricing is
assumed, and the access charge per unit for this

input is denoted by a.

2.2 Access charge regulation with budget

balancing (type I)

Under the basic model of Armstrong et al.
(1996), the entrant is assumed to take the in-
cumbent’s price as given because the entrant is a
competitive fringe. This assumption is not critical

to drive our conclusions. Our main results are not
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affected even if the assumption is relaxed to in-
troduce product differentiation. The incumbent’s
price for the final product is P (the price of the
competing service is fixed by the regulator), and
the firm must supply all residual consumer de-
mand at this price, as well as all of the entrant’s

demand for access. It is assumed that conditions
in the industry are such that ¢ <X(P), where
X(P) s the consumer demand curve for the fi-
nal product. Since the entrant is a price - taker, its
maximum possible profit given the available mar-

gin m=P-q is

m(m)=max : mq—c(q) @

If 9(m) is the profit-maximizing supply of fi-
nal product by the entrant, we get the following
relation.

7'(m) = gq(m) 2

From the second-order condition (¢">0) and
(2), the entrant’s supply function 9 is increasing
in the margin . The incumbent’s profit with the
final price P and margin 7 is

LI(P,m) = PX(P)— mgq(m) - C(X(P) - q(m),q(m)).

Consumer surplus is v(P), where

V(P)=-X(P). Then, total welfare, unweighted

sum of consumer and total industry profits is

W{(P,m)=v(P)+ z(m)+I1(P,m)

Since the price for the final product , P is
fixed by regulation, the optimal access charge is
given by the following.

a=C,+(P-C) (3)

This optimal access charge is consistent with
ECPR expression (direct cost of providing access
+ opportunity cost of providing access). Here, the
opportunity cost is defined to be the reduction in

dominant firm’s profit caused by the provision of
access, and so the access charge exceeds the di-
rect marginal cost of access. There are many dis-
putes over ECPR because the level of access
charge depends on the retail price regulated.
Irrespective of the validity about ECPR, this type
of regulation does not guarantee the first-best

outcome.

2.3 Access charge regulation without budget

balancing (type II)

Armstrong and Vickers (1998) extends the anal-
ysis of Armstrong, Doyle and Vickers (1996) to
the case of price deregulation. This paper shows
that marginal cost pricing of access is found to
be optimal in some circumstances, and more gen-
erally it is shown to be ambiguous whether ac-
cess should be priced above or below marginal
cost. The basic model and the notations are anal-
ogous to ADV (1996) except for the retail price
deregulation. The access price is chosen to max-
imize social welfare subject to the facts that, with

its final product price unregulated, the incumbent

chooses P to maximize II given d. The

first-order condition for that latter choice is that
I, +11, =(X ) +(P~C)X'{m~(C,~Clg=0 (4

Equation (4) implicitly defines the incumbent’s

optimal price P(a) as a function of Q. Total
differentiation of (4) implies that

1
2X—(P-CpX"
2g9'H{m~(C, - C))lg"

It
P'(a)= mm _
IT,, +11, 1

Given that T, <0 and <0, we have

0< P'<1, so while P increase with &.
The optimal access price @is given by the

first order condition of the maximization of W

m-(C,~C=E=D p g
q (5)

703



F=EA18 3] =5 07-11 Vol. 32 No. 11

From (3) and (4), it follows that

P-C _(X-q)

1-P')>0
P _px 0

—C =Py = (P—C 14X o
(a-C,)1-P)=(P c.)[l = P} ©

As the paper shows, there are two sources of

efficiency. One is allocative inefficiency (P ) for

standard monopoly reasons, and the other is pro-

ductive inefficiency (m) for rival’s excess share of
output. The two objectives of allocative and pro-
ductive efficiency cannot both be attained by the sin-
gle instrument of the access price, simultaneously.

2.4 Both access charge and final

price regulation with budget balancing

(type HD

The model of Type III corresponds to a stand-
ard Ramey optimality. This is a welfare-max-
imizing form a pricing for the incumbent’s prod-
ucts (including access), subject to a break-even

constraint for the incumbent. If we write A =0

as the multiplier for the constraintI1 >0, then the

first order conditions for optimal retail price

P and margin M7 respectively are

P-C,_ A 1

P l+ie, 0]

m-(G-C)__ A 1
m I+4 £, ®)

Where &y =-(P/X)(dX/dP)>0 is the elasticity
of demand for the final product, and
€, =(m/q)dq/dm)>0is the entrant’s elasticity
of supply with respect to the margin 7. This is
not the first-best access pricing policy because if
the incumbent has an increasing returns technol-
ogy then the incumbent’s break-even constraint
will bind at the social optimum. In such cases,

A >0 and the Lerner index for each product is
positive. In particular
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a>C,
P>C, )

Now, we have a following Proposition from
(3), (6), and (9).

Proposition 1.

a) The first-best outcome is not attained by the
single instrument of access price irrespective
of budget balancing requirement. (type I and
type 1I)

b) The first-best outcome is not attained by both
instrument access and retail price when the
incumbent has an increasing returns technol-
ogy and needs the budget balancing. (type III)

¢) The second-best outcome will not be reached
when the regulator has no information about
cost conditions.(type I, II and III)

The proof is straightforward and omitted. The
regulation of type I, II and HI assumes that the
regulator has a complete information about cost
and demand function. However, this is not
realistic. If it is not the case, it is not possible to
reach a even second-best outcome. The present
paper proposes type IV regulatory model. This
model can induce the first-best outcome without
budget balancing and with incomplete information
by both access and retail price regulation.

. Optimal incentive regulation
(type V)

So far, we have discussed the regulatory frame-
work with four types of model. From now on,
we will introduce an incentive regulatory scheme
that induces the monopoly carrier to adopt so-
cially optimal prices and leave some surplus to
both the competitor and the user. Consider the
following regulation system for dealing with this
situation.

The regulator announces his intention at the be-
ginning of Period 1 and imposes a regulatory
scheme on the incumbent. When regulating the
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incumbent, the regulator suffers from incomplete
information: he has no information about the in-
cumbent’s cost conditions. It is assumed that the
incumbent collects the information about the con-
sumers easily through the consumers’ behaviors
survey. However, we assume that the regulator can
observe total expenditures of the incumbent and
the menu offered for consumers and the com-
petitor (with a lag of one period). Also, it is as-
sumed that the incumbent has knowledge of the
demand functions of the consumers and cost
sttucture of the entrant. At the moment, we will
assume that the menu offered by the incumbent
in period O is the one found in the ordinary pric-
ing before this regulation is introduced.

Now, consider the following multi-period regu-
latory scheme. First, in period 1, the tegulator al-
lows the incumbent to practice price discrim-
ination for both the competitor and the consumer
by means of a two-part tariff. That is, the in-

,2
cumbent offers the menu (P's7."")to the consum-

er and (@'.,T"Dto the competitor, which he de-

termines completely at will in period f. At the
same time, the regulator forces the incumbent to
continue to offer an uniform price to the com-
petitor and the consumer. Namely, it is mandatory

for the incumbent to offer the uniform pricing

—1
menu (P ,0)to the consumer and the uniform

=1
pricing menu (@7,0) to the competitor. Second,

the regulator levies a tax of Il''that he earned in
the previous period. The total amount of the
lump-sum fee charged by the competitor will be
in proportion to the quantity that it provides since
users are assumed to have identical demand

v
functions. The lump-sum revenue T, gained by

the monopolist from basic charges is as follows:

t
2 _ q 2
qu =(1- [)E T' .

Letting B be the discount factor, the in-

cumbent’s profit maximization problem over an

infinite horizon under the regulation is written as:

t=1

% -1 i t _L__ -1
Max > B {n T+ (- - T } a0)

S.t.

)1(72 T 4+ (P —a')g(P',a') —c(q(P',a ) ~T* 20

'
%ZT,-"Z‘F(PI ~a’)q(P’,a’)fc(q(P',a’))—T”' 2ﬂ,t—l
vr'(P')_T;"AZ 20
v(P)=T? zv,(P")

where 1,7 is the profit that the incumbent and
competitor earn through the uniform pricing,

respectively. That is,

IT = PX(P)-(P'-d)q (P ,d)-C(X'(P)-q (P, d),q' (F,a))
7 =(P'—d)q (P.d)-dq)
7[1—1 :(PH Aa/—l)qt—l(}-y—]’a/—l)_c(qz—l)_

The first and third constraints are the usual in-
dividual rationality (IR) constraints of the com-
petitor and the consumer, respectively. Similarly,
the second andfourth constraints are, also IR con-
straints of the competitor and the consumer which
are newly introduced by regulation. We have the

following proposition.

Proposition 2. The present regulatory scheme will:
(a) induce the incumbent to provide the socially

optimal access charge and retail price in ev-
ery period (P'=C/, a'=C, t=1,.,0)
(b) allow consumers and the competitor a positive

net surplus
T =(P ~a)q' (Pd)~elg (Pd )+ T
T = (P) v, (P7)

(c) award the incumbent the positive net revenue

in period 1.
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Proof.
It can be seen that the second and fourth con-

straints are binding since”” 20, v,(P™) 20  we

assume 7' '20, v(P")20 since the competitor
and consumer get a nonnegative surplus in initial

period. Therefore, we get the following solutions:

T =P -a)q (P,a)-olq (P )+ 31—
TP =v(PY-v,(P™)

After substituting the binding equations into the
problem of the monopoly carrier, equation (10)
can be reformulated as follows:

Max
Pla’

i‘ﬂ“ PRINP @ )47 (P d AP+ (P Y+ (P )]

=1

v(P') =Y v.(P)

where, ;

We have the following first-order conditions:

(1= BXP' ~C)g, =0
(1-pa' -C,~ (P -C)y, =0.

From the first-order condition, the following

can be obtained and the superscript S denotes the

socially optimal price.

P =P =C,

a'=a’ =C,

This result comes from the facts that the in-
cumbent’s profit is equal to the difference be-
tween social welfare in the present period and
that in the previous period. This means that the
incumbent can recover his investment cost even if
he has an increasing returns technology.

It can be seen that both the incumbent (11)
and the competitor (7) get positive profits and
that consumers (V) also get some surplus. The
regulator (¥ ) also receives a tax income, I
which may be positive or negative. If it is neg-
ative, the regulator gives the incumbent a subsidy.
This can be shown as follows:

106

I =[(P) + (P &) +TIP )] - P )+ 27 4117

t -1

7=
v=v(P")
l/; -1

(QED))

So far, we have proposed an incentive regu-
latory mechanism that induces the incumbent to
adopt socially optimal prices in both the retail
service and access markets when the regulator has
incomplete information about cost. Most regulatory
mechanisms concerning access charges require in-
formation about the cost of the regulated firm.
However, thescheme considered here does not re-
quire such perfect information, as a result of the
two-part pricing scheme employed, and guarantees
some surplus to all players because of the form
of the menu and tax scheme.

Nevertheless, there are two potential problems
with this proposed tax scheme. First, the regulator
needs information about the cost and price in pre-
vious period, though not in the present period.
This might cause the monopolist to misreport its
cost information. Second, the monopolist might
make excessive expenditures, since it then may be
compensated for these expenses via taxation. This
behavior might occur if the additional net benefit
from such abuse is large enough.

The first potential problem can be resolved by
assuming that the regulator, in any given period,
can perfectly observe the cost and price in at
least the previous period. In fact, this assumption
is frequently made in the incentive regulation lit-
erature such as Sappington and Sibley (1988), and
Sibley (1989). Furthermore, even if theregulator
cannot recover all of this information, the fact
that the incumbent will nonetheless charge the op-
timal retail price and access charge is not
influenced. The second potential problem is only
likely to arise if the benefit to the monopolist
from abusing the system is higher than the net
loss from increased expenditures in a given period

and compensation in the next period.
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IV. Anticipation of the present
regulatory scheme

In this section, we will discuss the effects of an-
ticipation of the present regulatory scheme. The
menu offered by the incumbent in period 0 (when
no regulation is introduced) will vary depending on
whether or not the incumbent anticipates a new
regulatory scheme in period 1. At the moment, we
will assume that the menu offered by the in-
cumbent in period 0 is one found in ADV (1996)
model. Suppose that in period O the incumbent an-
ticipates the proposed scheme is going to be im-
plemented in the next period. Then, knowing that
the prices choice in period O affect the profits in
period 1 and further that it is in his interests to of-

fer socially optimal prices after period 1 onward,

. . PO ~0 L.
the incumbent will choose £ »d that maximize the

discounted sum of profits from period 0 to period
1. The incumbent’s problem is

Max

B0 50

@0+ APy 1P @) 2 (P - P (P 2 12 (P2

The first-order conditions are
M} (P°,a°%) - BIv'(P*)+7,(P°.a")} =0
y(P°,a°) - pr,(P°,d") =0

From the facts that —V'=X>¢=7,=-7, we

can get
P®> p®
a’>a’

This result suggests that if in period O the in-
cumbent anticipates the regulatory scheme to be
imposed in the next period, he raises the prices for
higher profits in period 1 that compensate more
than a reduction in period 1. This strategic behav-
ior, therefore, loads to short-term welfare losses. In
view of the long-term welfare gains resulting from
the social optimum realized from 1 onward, the
short-term welfare loss is very small. Furthermore,
from the first-order conditions, we see that the net
benefits from raising the prices become smaller

when the discount factor becomes lower.

V. Conclusion

This paper investigated the regulatory frame-
work which the optimal retail price and access
charge are determined with two dimensions on
budget balancing and the regulatory instruments.
In addition, this paper proposed an incentive regu-
lation system that the regulator can employ, even
if he does not have complete information about
the incumbent’s cost function.

This regulation system functions optimally, be-
cause the incumbent is allowed to determine the
retail price and access charge at will
Furthermore, under this regulation system, the so-
cially optimal solution is obtained, and the mo-
nopoly carrier, its competitor, and consumers can
all be guaranteed surplus, as a result of the struc-
ture of the menu and tax scheme employed.

The above model can also be expanded into a
heterogeneous model in which consumers do not
have identical preferences for the product. Under
this extension of the model, the strategic behavior
of consumers, which is usually addressed in sce-
narios involving two-part tariff pricing, can be
discussed. If the incumbent acquires information
about consumers’identity from their behavior in
previous periods, he can discriminate the
consumers. However, if he is not able to use it
to force consumers to choose the option or have
no information about the identity, consumers are
free to choose whatever option they want to. In
this case, the incumbent wants to extract the
maximum surplus from high demand consumers
by preventing them switching to an option in-
tended for low-demand consumers. Therefore, it is
required that the tax element of the regulatory
scheme together with a new design of menu elim-
inate the incumbent’s incentive to charge high-de-
mand consumers a high price for large profits.
Finally, the model considered deals with one-way
interconnection, but it can be extended to in-
corporate two-way interconnection, in which each

network has individual subscribers.
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