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1. INTRODUCTION

Usually, there are important externalities in telecommuni-
-cations netwérks. In fact, an externaiity is created évéry time
a bhone is used because the recipient of the call obtains =a
benefit for which he does not péy. Simfiarly, a new subscriber
confers a benefit_on existing subscribers because Ihey?a;é now.

able to ca2ll the new subscriher. The existence of these exter-

nalities shounld _be taken for allocatlve purposes, nanely,

“optimal pricing" decisions. *

-

This particular subject has "been stuﬁféd often by fhe

E

b

econcmists, especia;lyk with respect to felephon@a networks.
However, in most caées} the'analysis and proposed solutions apply'
to other types of telecommunications networks. That is the case
of .the worﬁ deveiopgd by Littlechil& (1972, 197%5), Gravellé
(1972)}’ Squire (1973), Arfle and Averous (1975), and, more
recently, Oren and Smith (1981). -

The purpose of this paper is to determine the optimal price

of access to a telecommunications network-—the flat part of a two-

- part tariff system--using a éimplgr model than the ones presented
in the existing.literature, but that wili'yieid qualitatiyely
_identical conclusions. - In our model, Qé shall explicitly
consider the existence of a consumption externality, since the
- entry of new subscriberé to the system increases the utlility of
each and every already installed subscriber: we shal.{ take .

explicitly into account that these individuals benefit from being

r
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able to communicate thfough the system with a largef number of
individuals {other subscribers})., -

Section 2 summarizes the questions. resulting from the
 éxistence of external effecfs in telecommunications networks and
presents the main results of the'existihg 1iteratﬁre. éectioﬂ’S
‘presents the modei and its main resulés. Section 4 comments on'

. the results of the model, discusses its main weaknesses and

suggests .some directions for future research..

2. THE PROBLEM OF EXTER&ALITIES IN TELECOMMUNICATIONS;
SURVEY OF.THé LITERATURE -

The issue 6f externalities in 'telecommuﬁ;cations networks
springs from the wideiy\held_ﬁotion fhat eacﬂ person joinihé the
" telecommunications network thereby confers benefits on other
subscribers.  Indeed, it has been suggested that each person
originating a call thereby confers a benefit on the person’
receiving the call,

Aﬁalftic models of consumption externalities in telecommuni-
cations systems were developed by Littlechild {1972, - 19755,
Gravelle (1972), Squire (1973), Artle and Averous (1975), and_
Oren agd Smith (1981). |

- Without_going.into'fhe details of thésé_models,_the main
?ssumptions and results can easily be-stated. Suppose that a
subscriber's demand for calls dépendé oh his income, the price of
a call and the total number of subscfibers. Suppose also that

' the company that supplies the service wishes to maximize the
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i .
total surplus of the system (i.e., consumers'. plus producers'

surplus). - In - the absence of any  financial constraint and
assuming that the price of each call is set equal to its marginal
cost, the optimal policy requires that the number of subscribers

be' increased to the point wheré the marginal cost of accommo-

' dating a subscriber equals the marginal value which he/she

receiveé, plus the increase in consumer surplus which hé/she
generates for all other subscribers. To. attain this optimal
number of subscribers, the subscription rate should be set below
marginal customer cost by an amount equal to the external benefit
received by other subscribers. This external benefit essentially

: . - R :
comprises the consumer surplus enjoyed by existing subscribers on

calils that can now. beimade to the new subscriber. It may be

sh@ﬁn {Littlechild, 1975) that this is equal to thé average
consumer éurplus per subscriber, multiplied by the elasticity of
demand for calls with respect to number of subscribers in the
system.

| An'addipional dimension to tﬁe extérnalities'question has
Been p:ovidédlby Squire (1973). He remarks that, of all’public
utilities, telecommunications. "affords one of the best instances
of external economies. In fact,lit would appear_thét-ﬁn exter-
nality 1is created every time a phone is used becaunse the reciﬁ—
ient of the call obtains a behefif fér which he does.not pay.”
The efficient allocatioh of.resources:thﬁs requires that a call
be made if and only if the value of that calllto the sender plus

the value to the receiver exceeds itg margihal'cost. -~ If one
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" assumes, as a first approximation, that the expected benefit from
‘an incoﬁing call is the same for all subscribers, optimal policy
is to set the price of the call below its marginal cost by the.
{constant) amount eof this bénefit.

¢ If this proposal to subsidize calis to corréét foéAexternal
 benefits is to be taken seriously, éeve?al conditions must be
satisfied. First, the external benefits obtained by thg repipf.
ients of célls must be substantial. Second, there mﬁst'be a
substantial number of célls- which are not presently made but
which "ought" to be made if external benefits are taker into

account. The fact that recipients of calls presently made derive

- : - :
great benefits from them is irrelevant. Thindl there must be no
alternative method,'ayailable and worth using by which the
poféntial recipient can ensﬁre that the calls in . question are
made., Fourth, subsidizing calls should not cause other distor-
tions which more than offset the benefits of the subsidy.

These comﬁents and qualifications which refer to the
evaluation of externalities associated with calls, can also apply
fo_ externalities génerated by new subscribers. Certainly. a
telecgmmunications system consisting of aa‘single subscriber‘ié
worthless, and consequently any-: addition to the nétwork, by
increasing the set qf péople it 1is possible.to call or reﬁeive
'callé from, makes the network more val#able. Again, the question:
to ask is whefher there are many péople who are not connected to
the system but who, nevertheless, ought to be in the n__'etlwor!alc-

because enough existing subscribers would, together, receive

L
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benefits in excess of the marginal cost of adding them. If there
are people who ought to be in thé n;twork but are ﬂdt, further
-questions arise: who are these potential subscribers, and how
" can they be brought into the network without also bringing in the
"wrong" people (1.e., those whose values to bthérs is less than
marginal cost)}? IThesé externalities assoclated with the number
of subscribers may not be easily internalized: negotiation among
parties may not-be easy because there are likely to bdbe- many.
potential beneficiaries of a potential-spbscriber, who may not
aii be known to each other; even Iif they were, it would be
difficult for fhém to reach an ag:eément about gharing the rental
feey r‘ Thus; "transactions EOsts“ may p;event subscribers
externalities from béing internalized. .

IWhere externalities are.éignificant, there should be a way
of reducing the rental to these potential subscribers without
also reducing it to the ones already installed. It would seem
possible, seiectively, to reduce rentals or installation chargés
in specified geographical areas, but there ié no strong reason to
believe that this would isolate the desired subscribers. The
alternative to selective reductions is an overall reduction-iﬁ
rental, or at least a reduction for certain breoad clésses of
customers (e.g., business firms). Unless a government subsidy is
to be provided, this will need to be financed either by increas-

ing the rental to other groups of subscribers, or by increasing

call charges. Both of these devices will cause thelr own
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misallocation of resources. These disadvantagés must be balanced
against the advantages of extending the network.

As we have already mentioned, the above presented consider-
ﬁtions inspired the work df Littlechild,.Gravelle, and Sqguire.
'Oth_er authors followed a sofnewhat different approach ._to thesd
externality probléms. Artle and_Averéus {1975) wreote an article
where they considered a communication netw;rk as a "public good,"
showing.that the_increése in the value of the service fésuléing
from  new subscripers can sustain the continual growth of a
network in a stationary poPuiation with stationary income. " Their
analysis is basgd on tﬁe assuﬁption- that a "uniform callipg
patterh" (i;e}, the incremental utility of_;fge service to :an
individual) depends on the nuﬁber of'éubscribérs but not on their
idénfity. : | _— R

* More recently, the literature .qn efficient pricing of
telecom@unications has become more sophisticated. Oren and'Smith
{1981) develﬁped an economic model that determines both the
_requirEd'critical mass for startup and the ultimate expansion
level of sucﬁ a system in- the presence of externalities. Tﬁey
used a model in which users maximize benefits minus cost and é
monopoly supplier maximizes profit in .or@er to evaluate the
effects of different pricing structures for thg system. In thelr
-pricing analysis, they consider a “th?ee—part tariff,” composed
of a fixed charge, an initizl free'volume, and a marginal charge

per unit for additional volume. Using demand functions in which

price and externality effects are multiplicatively separable,
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they were able to illustrate as their thfee—part price plan can

facilitate the formation of critical mass levels by reducing the

fraction of subscribers required, when ;one assumes optimizing

behavidr by both the users and the supplier .of the service.
Furtherﬁore, fhey were able-to show that, fof %mnopoly profit
maximization, the market effects of fhe optimalwthree—part tariff
can be duplicated by an appropriate fwo—part tariff.

3. OPTIMAL NETWORK PRICING

3.1 IHE PROBLEM: ASSUMPTIONS
In this section we want toc determine the optimal access fee

to a telecommunications network--the flat part of a two-part

N

s

K

tariff system.

We shall explicitly consider the existence of an external-
ity,'sinqe the entry of new subscribers to the system Iincreases
the.utility of each and every already installed subscriber. We
take explicitly into account.that these individuals benefit from

being able to communicate through the system with a larger number

- of individuals {(other subscribers).

To address this problem, we will use a simple model with

some simplifying assumptions:

Hl: Receiving calls has no effect upon subscribers utility
(i.e., we ignore that the receiver of a call has a
benefit that does not pay).

H2: The Income effect is neglected because we consider that
the Network use expenditures are but a small fraction
of each subscriber's budget.

H3: We do not consider possible congestion effects in the
system. -



H4:

HS:

3.2 THE MODEL

Let
Pa:

Ca:

Pc:

Cc:

A:

NA:

' 8
i

All new subscribers are "equally welcomed® (i.e.,_wemjﬂﬁ

consider that the externality is the same regardless of

"whoever is the new subscriber).

The firm that supplies the service does not face any
binding financial constraint: it will be able to
receive from the government whatever funds it wants.

?

annual access fee to the_network1

annual- cost of renting and maintaining a connectivity;
assumed constant |

priée of each cailz

marginal cost per call; constant P

average numbef of cails per subscriﬂér

number of. subscribers of the system

number of new subséribers ' : .

increase -in utility for éach subscriber resulting from
the entry of a new subscriber in the system

ninus the-slope of the demand for network connectivity

schedule3

The demand for calls per subscriber is given By:

- CA

n pc®ab | ' (1)

§

1The time unit considered does not restrict the generality
of the analyslis. '

2

"Call" means unit of #ime of network use. -

3Which is approximately Linear, by assumption.

A s e —— . =
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Initially, we assume that the access fee to the network is
‘set egqual to the marginal cost of installation of the connectiv-
ity {({Pa = Ca), being Ao the number of initial subscribers., This
would be the optimal policy 1if there were no exXternality.
.However, this is not the case, becausé we assugé that:the entry

of new subscribers yields an increase IiIn the utility of each

-

subsgcriber, given that the number of subscribers to whom he/she

may call increases:

If the access fee to the network is set below Ca, new

subscribers will enter into the system. Given the éxtefnality

effect already mentioned, the utility of each subscriber in-
) P _

creases by 'k for each new individual thap/ jeins the system.
Therefore, the valﬁelkof k represents the increase in. each
subscriber's surplus, relative to the "coﬁsumption“\of calls.

Now, consider. Fig. 1. Admitting that NA new subscribers

join the system, the demand for Pc,Cc Jl

calls of the representative sub-

scriber increases from Do1 to

D 1

1 and hence his/her surplus

increases by k * NA (k for each Cc

new subscriber). Therefore, the

willingness to pay for fhe rent

" of the connectivity also‘increases Fig. 1

by k *NA for each subscriber and then the schedule Do in Fig. 2

shifts to DI’ Given that In the fipal situation there are A,

GA
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subscribers (A; = A  + NA), ihe total increase in the surplus is

given by the area between Do and D,, and between O and A,.

Pa,Ca l . .

[+ s ]

D _ e
| . Pa
| _
o 1 -
) AoAl = Ao + KA ) A
‘/
s
Fig. 2 7

1
1

.- On the other hand, thé departure from Marginal Cost pricing

-

imﬁ}ies inefficiency costs given by the area of the triangle [d e
£f1 in Fig. 2.
Thus, the determination of the optimal price scheme for the

network services ({optimal annual access fee to the network)

consists in maximizing the difference between these two areas.

The area of the parallelogram {a gh f] is given by A1 k NA,

while the area of triangle {d e £] corresponds to E% {Ca-
Pa)2,4
5 t °
i .
]
4 1 ' {Ca-Pa)
Area[d e f] =5 -(Ca~-Pa)- NA but NA = b since the

demand curve is a straight line with slope b. Thus, area . [d e f]
) - _ A .

- 1
= %‘, [Ca-Pa}-(-.p—EBB?'-l_ = %b (ca_-Palz-' , )
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Hence, we want to determine Pa that maximizés

W=X%X *"NA  (A_ + NA) - —l- ftCa—Pa)z ' (11}
| 1 o 2 “
Since NA = L (Ca-Pa), (II) capn be written as: '
| = Kk _ {Ca-Pa)’ 1 2
W = b (Cg Pa) (Ao + B Y - oh (Qa Pa)

The First Order condition is:

2 k
aw 1 <5
I9a = & K & * p2 (Ca-Pa) (-1) + 1 (Ca-Pa) = 0
1. - L1 1 |

or -5 kA, -2k g NA+ L (Ca-Pa) =0 (311)

Solving (III) for Pa we can deviate the optimal policy:

P, =C, -k (A, + 2 NA) | , (IV)

Rearranging (IV) we have e i

.;I

bPa=bCa-bk Ao -2k cCca+ 2 k Pa

(b'-"2k) ca - b k A_

or Pa (b - 2k)

which leéds to

k Ao

Pa = Ca - >
1-2- vy

If the Second Order conditions are vériffed, then k <.b/2,5 |
-Thus, 1 - 2k/b 1s positive and Pa < Ca. ' |

We can see in (V) that the cruciail variaﬂle in the determi-
nation of the externality effect ié k. Therefore, the next éteb

is to evaluate k.

5The Second Order condition are:

<oor 2k -hbh<«<o -

- '\
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Given {I), the consumer surplus for each subscriber is given

_ nce%a P . _ .
Ui =/ [n—IIGCAI/aA—B/a - Ccjdca (VI})
.9 ) : .

Since we defined. k as the increase in ‘utility for each
subscriber resulting from the entr? of a new subscriber in the

system, 1t is?

. U
- i_3%i _ -1, o+l . « _ i .
k= 3% “3x =Bnd” "Ca” "(ay - 1) = By (VII)
W

There is a positdve externality if p (an& consequently k) is

positi\fe.B

1f B = o, U; does. not depend upont A (i.e., there is
no externality), and k = o,
We conclude that, given the assumption of this model, the

optimal policy requires the number of subscribers to be increased

6Solving_(I) for Pc we obtain Pe¢ = n_lfuCA}/a aB/e

7
v, =Jncc°‘ A[Bn_lfa. calla p-8/a _ ce] aca =
o .
ol reay n /% ca et A~Bla _ Cc]nchB=
- o
= E%I % (nee® AB)'Egi a~Bre CeCA E%TY?%% Cca+1AB—.
- nCca_'"l aB ’

B.
Note that'Ui must be positive; otherwise, the subscribers
would leave? '
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until the point where the marginal cost éf accommodating one more
subscriber is egual to the increase ‘in consumer surplus for all
subscribers that is then generated.

| Equation (V) shows thai in order to obtain this ideal number
of subscribers, the price should be below Ca. This ga§ between
"Pa and Ca dependslupon the importance éf the external effect (for
greater k the gap is larger} and the number of subscripers

already installed which benefit from the above-mentioned positive

external effect.

4. CONCLUSION kND EXTENSIONS .

We were able to use a simpler model to qﬁggin the sane tfpe
of resultsnas the exiéting liferaturé; Indeed, our result-ié, to
somé-extent, similar to the oﬁe pfoduced BY Squire (1973}. Both
models indicate a.  below-marginal cost pricing policy; the
differgqce is that while Squire suggests that the price per call
should be set below its marginal cost by the {constant) amount of
thé 'beneéit for subscribers from an incoming c¢all, our model
in@icates that in order to obtain the ideal number of subscriﬁ—'
ers, Fhe annual access tariff to the network éystem should'bé.
below marginal cost. In both models, the gap between ﬁrice and
marginal cost depeﬁds upbn the 1importance of.the external effect
Tthe size o©of the gap should increase éith the importance of the
externality). The polnt we are tlrying to make is that, even

though in one case we are dealing with calls and in the other we
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deal with access to the system and number of subscribers, the
results are (as expected) gualitatively similar.

Our model was alsoc useful to address the problem--previously
treated by Littlechild (1975) and Squire {1973)~-0of determining

the, optimal number of subscribers in a teiecommunicationg

network: the number of subscribers should be increased until the

L]

- point where the increase in cost of having one more subscriber in

the system is egual to the generafed increase -in consﬁmer'surplus

for all subscribers. Note that this result is slightly different

_ffom what we presented in section 2, a result of the different °

-

' assumptions that ve used;g . i -

. . / ’
The model presented is very limited, parti&ularly because it

does not take into -éqdount_ the existence of dynamic effécts,
naméiy, on the demand side. Iﬁ the modgl it would be interesting
to incorporate that subscriber's elasticity of demand is not
constant over time--it is lower for a subscriber already in the
system thaﬁ for a potential entrant.

The limited assumptions that we used can be successively
dropped, allowing for future 'developments of the model used.

Several characteristics of network systems that were left Emf_

9Specifically, we only consider the externality that results
from the entry of new subscribers to the system. Thus the
optimal annual access fee to the system is the one that maximizes
the benefit conferred upon all existing telephone owners when new
customers join the system. Squire (1973) and Littlechild (1975}

-consider first-best optimal pricing strategies for two-part

tariffs when both access and usage externalities are present.

_ Our model was simpler also because we ruled out the exist-
ence of an Iincome effect, Its inclusion was proven to be
irrelevant in terms of the gqualitative conclusions of the model.

»
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could be introduced into the analysis.- Many telecommunications

{namely, telephone) systems are congested in the sense that the

‘probability of achieving a connection immediately 1is low.

Recommending prices below marginal cost may, therefore, exacer-
bate an already inferior system. This problem_cat-n be taken care
of if we determim;e optimal prices which take explicit account of
congestion as represented by a functional relatlonship between
the number of calls and the del.ay per call. There is, however, a

more fundamental problem which must be considered. The anzalysis

- set out to establish economically efficient pricing rules in a

situation where externalities are prevalent. A This meant, in

F

) . p
general, that the enterprise ran at a commercial loss. Such a

situation ma? be acc;épfable in developed cogntries but in the
under;devéloped countries subsidies from general taxdtion are not
easy to secure. It might be interesting, therefore, to reexamine
the pricing rules, given the bonstraint that profits are non-

negative. Aiternatively,. we could introduce directly into the

" analysis the premium that the government places on 1its own

revenue. This latter method would secure an economically
efficient result and, as mentioned by Littlechild (1975); cou.ll_d‘.'
mean, for instance, that we "use telecommunications as a source
of general revenue,"

Two other limitations of the model can be eliminated if we
explicitly acknowledge that receiving calls has an effect upon
subscr:l_bei's' uti;lity and thaf the externality is not independent

of Wwho are the new subscribers,
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It will be Iinteresting to extend our simple model taking

into account the_above~presented considerétions, to see whether

we will be led to results qualitatively different from the one we

obtained IiIn the previous section. ' Moreover, a comprehensive
treatment of all the problems involved in the optimal pricing of
telecommunications in the presence of externalities would also be

a valid contribution for the existing literature in the area.’
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