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1. Introduction

The issue of externalities in telecommunications networks springs from the widely
held notion that each agent joining a telecommunications network thereby confers
benefits onto other subscribers. Indeed, this is a classic case of externalities in
consumption and has crucial implications for telecommunications pricing. There is
a long series of articles dealing with consumption externalities in telecommunica-
tions, including Squire (1973), Rohlfs (1974), Littlechild (1975), ArtIe and Averous
(1975), and Oren and Smith (1981).

Without going into the details of these models, their main assumptions and
resJ,ilts can easily be stated. To do so, suppose that the demand for calls of a
particular subscriber depends on her income, the unit price of a call, and the total
number of subscribers. Suppose also that the company supplying the communica-
tions service wishes to maximize some appropriate measure of the system's total
surplus. In the absence of any binding financial constraints and assuming that the
price of each call is set equal to its marginal cost, the optimal policy requires that
~e""number of subscribers be increased to the point where the marginal cost ofaccommodating a new subscriber equals the marginal value which she receives plus -

the change in consumer surplus which her entry generates for all already existing
subscribers. To attain this optimal number of subscribers, the access fee should be
set below marginal customer cost by an amount equal to the external benefit
received by other users. This external benefit essentially cQmprises the increase in
sUrplus to already existing subscribers arising from their calls to the new subscriber.

Despite some significant theoretical developments, very little is known about the
actual extent of network externalities. The purpose of this paper is to attempt a
measurement of externality effects in the Portuguese telex system. After having
motivated our analysis with a simple theorectical model of telecommunications
demand, we estimate two reduced-form equations, explainIng usage of and access
to the telex network. Our results for both equations suggest that there are significant
network externalities. For sample average values, a 10% increase in the size of the
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wnetwbrkimplies a 1.6% increase in average consumption, a 0.7% short-nUl increase
in the equilibrium number of subscribers, and a 15.9% long-nUl increase in the
equiliibrium number of subscribers.

We also expIate the implications of our results in tenDS of optimal pricing
policy. Based on some reasonable asSumptions which are discussed below, we find
that tlhe optimal access fee should be set between 2.5 and 16 percent below
margihaJ cost in order to account for network externalities in consumption for use.

Regarding network externalities in access demand, we find even stronger results
and implicatibns. The relatively high elasticity of demand for access with respect
to network size suggests that the fast rate of diffusion of telex tenninals in the late
seventies/early eighties might have corresponded to a catastrophe point in the
equilibrium diffusion process. If this were the case, then it might. have been optimal
to subsidize early adoption of the new technology such that a critical mass 'of
adopters was reached and convergence to the "good" equilibrium assured. We
estimate the critical mass to have been about 20% of the number of adopters by
1987.
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2. The Model
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The b~ic model to be used throughout the paper is similar to that of Littlechild
(1975). Demand for use by each consumer is given by a function c(6, U, N), where
e is a taste parameter specific to each consumer, U is the usage price, and N the
total ~umber of users connected to the network. Corresponding to this demand
function is a consumer surplus function s(e, U, N). The idea of network
exten1alities is that both s(6, U, N) and c(6, U, N) are increasing with N, the
number of subscribers.

Suppose that a';Cess charges are A, and that the benefit from being connected to
the network, regardless of usage, is K(N). This is what Taylor (1980) refers to as
the v~ue of "option demand". Notice that we allow for the-possibility of this value
to depend on the total number of ~rs as well.

Th~ decision of being connected to the network depends on whether s(e, U, N)
+ K(N) is greater or smaller than A. An indifferent user is characterized by a taste
parameter e' such that

0s(8', U, N) + K (N) = A. (1)

By convention, s(8, U, N) is an increasing function of 8. Therefore, the
equilibrium number of subscribers is given by
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LM.B. Cabral alzdA.P.N. Leite, Nerwork collSumption externalities 131

lSe

he
where N, is the potential number of users. Total consumption, in turn, is given by
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oUr econometric estimates will be based on two single-equation models: the
consumption equation, and the access equation. The consumption equation has the
general fonn

C1

Nt

= <j>(Ut, Nt, Nt-J.
(4)
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I Notice that we assume Nt-l is an argument in $(.) in addition to Nt. We believe
this to be a realistic assumption since the publicized number of subscribers at the
time access decisions are made is more likely to be Nt-l than Nt. A user joining the
~etwork during period t wjll not be listed as such until period t + 1. As a resl;l1t,
network externalities should be explained by Nt-l and the effect of Nt-l on per-
ternrinal consumption should be positive. The effect of Ut on average consumption
should be unambiguously negative, Finally, we should expect the effect of Nt to be
negative since marginal users joining the network will typically have below average
donsumption. I

The access equation is based on the following equation for the equilibrium
~umber of subscribers:

(5)
Nt = <j>(At, £it, Nt-J

In practice, this equilibrium number of subscribers is not attained instantly, due
tp inertia in demand and/or supply behaviour. One way of capturing this temporary
disequilibrium is to model Nt as a partial adjustment process. Suppose that N~ is
the equilibrium value of N at time t {given by equatiQn (5)). We then assume the
actual value of Nt results from the partial adjustment
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Nt -Nt-l ~ y(Nt* Nt-U, (0 < 'Y < 1) (6)

Or
1)

Nl = (l-y)Nt- '7)+ 'Y <I> (At, Ut, Nt-U
he

I We expect both At and Vt to have a negative effect on Nt. On the other hand,
Nt-l has a two-way positive effect on Nt. The first one results from the partial
qdjustment term (l-r)Nt-I' where y is between zero and- one. The second effect
is ,the above mentioned network externality effect.
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3. 

Data and Estimation Procedures
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Our estimations are based on a 27-observation sample of annual data ranging from
1962 to 1987. We Should mention that more recent data is available. However, we
decided not to include it since we believe there were significant structural changes
in 1988 due to the introduction of fax machines.

The data consists of the following variables.
A: Access fee. There is a one time access fee and a monthly access fee. We

constructed our variable as the annualized sum of these two components: 10% times
the one time fee plus twelve times the monthly fee. (This of course is open to
criticism since we assumed a particular value for the implicit discount factor. The
results turn out not to depend greatly on this assumption.)

U: Usage fee. Cost of one minute of telex use, annual average. Both A and' U
are in real tenI1S. The GNP deflator (at factor prices) was used as price index.

N: Number of users. Number of installed telex machines by the end of the

period.
W: "Waiting list". Number of potential users willing to enter the system but not

yet accommodated.
D e N+W. Effective demand for access.
C: Domestic consumption for use. Thousands of minutes of telex use when both

ends of the communication link are domestic users.
c = C/N: Average consumption, more specifically, per tem1inal consumption.
The functional forms of the equations to be estimated are

(8)= ao + al U1+ a2N1 + a3m Nt

+ 

Et

for the consmnption equation, and

(9)+ ~31n N,-Dr = ~o + ~lA + ~2Dt. + /It
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for the access equation. .
A few explanatory notes are in order. First, the substitution of D for N in

equation (9) is justified by the fact D is a better measure of actual demand than N.
Therefore, the partial adjustment in (9) only reflects inertia in demand; supply
constraints are taken care of by considering effective demand as a dependent
variable. Second, we should note that the variable usage fee, Ut was excluded from
the access equation as it had little explanat.ory value. Finally, we decided to
cOnsider domestic consurItption for use instead of t9ta1 consumption for use because
we believe the fanner is the one most likely to be affected by a change in the

number of domestic users.
The particular functional fonns chosen were motivatedc by simplicity and our

expectations about t1i~ nature of network externalities. We expect-the externality to
die out as the number of users increases (saturation effect). This justifies the use

of th.e transfonned variable In Nt-I.





~

",ii,
~~~,.;.:

134 L.M.B. Cabral alW A.P.N. Leite, Network CO11Sumption externalities

some assmnptions about the relation between th~ values of consumption and
cons$ner's surplus. One of such assumptionS is that, for each price, consumer's
surplus is a fixed proportion of consumption value. This will be the case if demand
has tlile fonn
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c = (a + b U)g(N).
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We present our resUlts contingent on the value of ~, the ratio of consumer
surpl~ to conswnption value. The value of the externality of an additional user is
then ~iven by (ocloN)~ U N = .53 ~ U. For example, if f; equals 0.5, then there
is an bxternality of 1,391 1977 Portuguese escudos. In order to get a better feel for
the r~ative magnitude of these results, Table 2 presents the values of the externality
gain as a percentage of the sample average access charge. .

Te~tative as they may be, these results have important consequences regarding
optiIrial pricing in the presence of network externalities. As Littlechild (1975) has
sho~ the optimal policy requires the access fee to be set equal to marginal cost
minut the increase in surplus to existing subscribers generated by an additional
subscliber. Suppose that the actual values of At w_ere set approximately equal to
margjnal cost of access. Then, the results of Table 2 indicate the optimal reduction
of access fees, i.e., the one which takes into account the externality effect on
existing users.

;-ji
:,IilIi

!U!
!~ji
i!i;
~:~ :~(\;~il:~

~.~.

5.

pj
sb
el

in

p~
n~

pI

Finally, we turn to the estimation results of the access equation. These are shown
in Table 3. The overall fit is excellent, as the R2 = 0.9947 statistic indicates. All
coefficients are statistically significant (5% significance level) and have the
expected signs. We should note, however, that the coefficient on Dt-l is greater than
one (though we cannot reject the hypothesis that it is not). This seems inconsistent
with our assumption that the partial adjustment factor, y, lies between zero and
one. We believe this is justified by the fact that ~2 includes some externality effect
together with the partial adjustment effect. Independently of that, the value of ~3
sugg~ts QIat there are important externality effects. Specifically, the partial (short-
run) elasticity of Dt with respect to Nt-l baSed on the coefficient ~3 is equal to
1.544, 0.022, and 0.084, respectively for the minimum, maximilin, and average
valueS of Dt.

Since the estimated 132 coefficient is greater than one, we are unable to compute
long-tun elaSticities from these results. In order to incorporate the a priori
~onlnation that ~2 must be less than one, we performed several regressions
assuniling different values for ~2. As it turns out, the value of ~~(1 -~2)' the one
whic~ is relevant for the purpqse of computing long-run. elasticities, does nqt
change substantially for values of 132 lower than 0.7, as can be seen from Table 4.

B~ed on the value of ~~(1 -~2)' we can co~pute the .long-run 'network'
elastipity e, which is given by e = ~~(1 -~2)/D. The elasticity value is

decreasing in D, and since D is increasing in time, .the elasticity is itself decreasing

(a
lc
tl:
01





136 L.M.B. Cabral and A.P.N. Leite, Network consumption externalities

co
drcD

D'
20000

10000

t
01

1960 1965 1970 1975 1980 1985 1990

Figure 1. Demand for access to the Portuguese telex network
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Figure 2. Multiple network size equilibria
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It ca.-be seen from Figure 3 that there will be a point beyond which the high-N
equilibrium is the only equilibrium, and the systeI1:l will thus move "catastrophi-
cally'" towards it. Based on a model similar to this one, Linhart et ai. (1990) also



L.M.B. Cabral and A.P.N. Leite, NetWork consumption externalities 137

conclude that "one expects to see a relatively abrupt onset of demand as prices

drop" (p. 15).
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Figure 3. Catastrophe point
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In the telecommunications literature, this situation is also known as a critical
mass problem (e.g., Rohlfs, 1974; Gren and Smith, 1981). The idea is that if we
can get to a sufficiently large value of N, specifically a value which is greater than
the critical mass, then the system will converge to the "good" stable equilibrium,
with a high number of subscribers. The implications in terms of pricing are that it
may be optimal to set access fees lower than the marginal cost of a new product
or service in order to attract the critical mass of customers, and then let the system
c<?nverge to the "good" equilibrium.

Notice that the nature of this pricing policy is very different from that considered
in the previous section. In the latter, we considered the possibility of setting access
fees lower than marginal cost is order to account for the marginal externality of a
new user. That is, we derived the optimal Pigouvian subsidy. In a critical mass
situation, however, prices are used as a means of switching from one equilibrium
to another one, which is clearly not a marginal calculation.

There are, of course, various competing theories for the sharp increase in
network size during the late seventies.

(i) 1974 and 1975 correspond to a period of political and economic instability
following the April 1974 revolution. This partly explains the sharp increase in the
growth rate of Dt following this period. However, even if we exclude the years
1974 and 1975, there remains a significant shift in the slope of Dt.
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(ii) The introduction of new, more sophisticated terminal equipment implies a
discontinuous shift in the benefit function, which could account for the sharp
increase in demand. However, there are reasons to believe that this occurred mainly
in the early eighties, after the beginning of the "bandwagon" process.

(iii) Antonelli (1984) argues that "during the 1970s the growth of international
telecommunications caused a worldwide communication infrastructure to be
created" (p. 333). In fact, while US exports plus impo~ increased by a factor six
in the period 1970-1981, the number of US outgoing telex messages increased by
a factor of nine (cf Antonelli, 1984, Table 1). Based on these results, we can
hypothesize that domestic demand for access is mainly derived from the demand
for international access. This can happen in two different ways. Benefits for
domestic users might be a function of (a) the international network size or (b) the
need to communicate with foreign agents. We tested for (a) by adding the
explanatory variable "size of international network". This is a weighted average of
the network size in the six Countries with highest volume of telex flows from and
to Portugal. We found this variable to have no significant impact on the value ofDt. 

We tested for (b) by using exports plus imports in real terms as a proxy for
"need to communicate with foreign agents". This turned out to have a significant

effect on the value of Dt.
(iv) There are various theories which explain sharp S-shaped diffusion paths

independently of network externalities. See, for example, David (1969) for a theory
based on adopters' heterogeneity and Jensen (1982) for a theory based on adopters'
uncertainty. In order to compare these th~ories with ours we would need firm-level

data, which we presently have no access to.
We believe the catastrophe hypothesis still holds as a valid one, and that

promising further research can be done on this topic. There are three extensions

which we plan to follow on our research:
(i) Use more disaggregated data in order to get a better idea of the shape of the

benefit function and the distribution of potential adopters.
(ii) Use a two-regime model in order to acc.ount for the temporary disequilibrium

during the adjustment from the low equilibrium to the high equilibrium. .
(iii) Formulate testable hypotheses which compare the catastrophe hypothesIs to

other competing ones.
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6. Conclusion
Or.

This paper has been a first attempt at evaluating the extent of network externalities
in Portuguese telex service. Our results suggest that network externalities are
significant. For average sample values, a 10% increase in network size implies a
1.6% increase in average consumption and an increase in the equilibrium number
of subscribers of 0.7% in the short-run and 15.9% in tile long-run. These elasticities
are greater the'lower the values of average consumption or network size are.
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Our results have important implications for optimal pricing policy. ASsuniing'that
consumer's surplus. is between 25 and 150 percent of the value of telex usage, we
Ilnd that the optimal access fee should be set between 2..5 and 16 percent below
marginal cost in order to account for network externalities.

The relatively high elasticity of demand for access with respect to network size
suggests that the high rate of diffusion of telex terminals in the late seventies/early
eighties might have corresponded to a catastrophe point in the equilibrium adoption
process. If this were the case, then it might have been optimal to subsidize early
adoption of the new technology such that a critical mass of adopters was reached,
and convergence to the "good" equilibrium assured at an early stage.
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