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ABSTRACT: We attempt to evaluate the magnitude of network externalities in

Portuguese telex service. Our estimates are based on two equations, a consumption .

‘equation and an .access. equation. The results St;gge§t that network externalities are

$ignificént.- ‘For avérage sample -values, 2 0% incfease in ne.twpr.k,size implie;s a 1.6% 
increase in average 'consumptiron_, and an increasé in the muilibfium number Q{

subscribers of 0.7% in the 5hﬁrt-run and 15.9% .i'n the long-run. 'I'hese eiasticin'es ar;g :
greater the smaller the values of average consumption or network size are. We disc'uss

somé _implicatidns of  these res'u_lts for opt_im.ael. pricin-g in the con‘_tex_f of network‘_ '
externali_ties and relate-them to the literature én the so_jcalled "cn‘tiéal méss" and
"ca.tastrophe". models of adopt_ioﬁ of innovations.
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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 con-
fers 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 consumptibn externalities in telecommunications,
including Squire {1973), Rohlfs (1974), Littlechild (1975), Artle and.Averous {1975}, and
Oren and Smith (1981).

Without going into the details of these models, their main assumptions and re-
sults 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 cail, and the total number of sub-
scribers. Sﬁpp05e also that the company supplying the communications service wishes to
maximize some appropriate measure of the system'’s tota§ surpius. In the absence of any.
binding financial constraints and assuming that the price of each call is set equal to its
niarginai cos.t, the optimal policy requires that the number of subscribers be increased to
the point whére the marginal cost of accommodating 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 comprises
the increase in surplus to already existing subscribers arising from their calls to the new
subscriber.

Despite these significant theoretical developments, very little is known about the
actual extent of network externalities. The purpose of this paper is to attempt a measure-
ment of externality effects in the Portuguese telex system. After motivating our analysis
with a simple theoretical model of demand for telecommunications, we estimate two re-
duced form equations, explaining the usage of and access to the telex network. Qur results
for both equations suggest that there.arel significant network externalities. For sample av-

erage values, a 10% increase in the size of the network implies a 1.6% increase in average



consumption, a 0.8% short-run increase in the equilibrium number of subscribers, and a
15.9% long-run increase in the equilibrium number of subscribers.

We also explore the implications of our results in terms of optimal pricing policy.

. Based on some reasonable assumptions which are discussed below, we find tha_t the

optimal access fee should be set between 2.5 and 16 percent below marginal cost in order
to account for network externalities {in consumption for use).

. Finaily, we relate our results to the literature on the so-called “critical mass” or
"catastrophe models” of diffusion of innovations. The relatively high elasticity of de-
mand for access with réspec t to network size suggests that the fast.rate of diffusion of telex
terminals in the late seveniies/eariy eighties might correspond to a catastrophe_point in -

the equilibrium process.

| 2. THE MODEL

The basic model to be used throughout the paper is similar to that of Littlechild
(1975).. bemand for use by each consumcr is given by a function (8, U, N}, where 8 isa
taste parafneter specific to each consumer, U is the usage price, and N the totai number
of users connected to the ﬁetﬁbrk. .CorreSponding to this demand function is a consumer
surplus function 5(6; U, N). The idea of network externalities is that both s{@, LI, N} and
(8, U, N} are increasing with tﬁe N the numiber of subscribers. |

Suppose that access charges are A, and that the benéfi'tl from being connected to

the network regardless of usage is K(N). This is what Taylor (1980) refers to as the value

- of "option demand.” Notice that we aliow for the possibility of this value to depend on

the total number of users as well. .
The decision of being connected to the network depends on whether s(8, U, N) +
K(N) is greater or smaller than A. An indifferent user is characterized by a taste paramé-

ter @ such that

- s(8, U, N)+ K(IN) = A ' (1




By convention, s(8, U, N) is an increasing function of 8. Therefore, equilibrium

number of subscribers is given by
N=N f ;o fods | @

where N is the potential number of users. Total consumption, in turn, is given by

C= f . (8, U, Ny de. : 3

Cur cconometric estimates will be based on two single-equation models: the con-
sumption equation, and the access equation. The consumption equation has the general

form

Zjn

= ¢ (U N 4

The effect of U on average consumption sﬁouid be unambiguously negative. However,
there are two opposihg effects arising from an increase in the number of subscribers, N
On the one hand,. there is the network externality effect. By increasing the number of
subscribers, each subscriber's consumption should increase. On the other hand, there is a
negative effect arising from the fact that marginal users with below average consumption
have joined the network. |

The access equation is based on the follou;ring equation for the equilibrium

number of subscribers.

Ny = @lA, U, N, _) 5)



In practice, this équilibrium number of subscribers is not attained instantly, due to inertia
in.demand and/or 5ui:>ply behavior., One way of captuﬁng this temporary dlsequlllbnum '
is to model N; as a partial adjustment process. Suppose that N is the.equ.ilibrium
vﬁlue of N at time ¢ (given by equatibn (5)). We then assume the actﬁal value of N,

results from the partial édiustment
Ny = Nyop = NP =Ny, (O<y< ) ' T 8
or Ny= (1-9N,_1+re(A, U, N, _4). : : V4

~ Notice that we assume that N,_,, not N,, is the argument in .qv(.). We believe this to
be a realistic assumption since the publicized number of subscribers ﬁt the time access
_ dccision_s are. made is more likely to be N,.{ than N, Thatis, a user joining the
network during period ¢ will not be listed aé such until penod t+1.

We expect both A; and U, to have a negativé effect on N,. On the other hand,
Ny-1 has a two-way positive effect on Ni. The first one results from the partiél adjust- :
o mcnf term (1 - Ny _1, where 7 is between zero at_\d' one. The second effect is the above -

mentioned network externality effect.

3. DATA AND ESTIMATION PROCEDURES
Our estimations are based on a 27-observation sample of annual data ra_nging'

from 1962 to 1987. The data consists of the following variables.

A Access fee. There is a one time access fee and a monthly access fee. We con-
structed our variable as the annualized sum of these two compohents: 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' gréatly on this assumption.)




u: Usage fee. Cost 6[’ one minute of telex use, annual avérage. Both A and u
are in real terms; “The GNP deflator .(at factor_priéés}.was used as price index; | |
N : Number'_ of users. Nu-mber of insﬁlled telex machines. by the end of _t.he
| W: "Waiting list.” Number of poteﬁtial users willing to enter the sys'l:efp but not
| yet accor:'lmodated. | | -
| NW=N+W, |
C: Domestic consumptioﬁ for use. Thousands of minutes of telex use when':both
 ends c;f the conimunication link are dbnﬁsﬁc users. - |

¢ = C/N: Average consdmption.

The functional forms of the cquations to be estimated are

¢ = ag+ a1y + as N +al3!nNi.-1+ & . - ®
for the consumption equation, and . - | T
NW, = By + BrA + BaNWo_y + BslnNe_y + i )

for the accéss equation. | |
Except for NW, the chb,ice of variables fof these equations has alré;dy been ex-

_ pla_inéd. 'The_s;;tbstimtion of NW for N in equation (9) is justified by the fact NW isa
better proxy for actual demand than N. (Therefore, the- partial adiustmént.in 9) onl'y_' re-’
flects inetfia in d_emain'd.) _We should also'noté that the variable usaée fee, U, was ex-
cl_uded from the access equation as it had little explanatory value. Finally, we decided to |

: conéidgr domestic mnéﬁmption for use_ihétéad of total consumption for use becausewe

beiieve the former is th'e.one most likely to. be_affecteﬁ by a cMnge in the nhn_ibér of :

' doméstic' users,




The particular functional forms chosen were motivated by simplicity and our

expectations about the nature of network externalities. We expect the externality to die

out as the number of users increases (saturation effect). This justifies the use of the
transformed variable In N,. Therefore, we expect the effect of network externalities. to
show up in the coefficients a3 and g,

These equations were first estimated using ordinary least squares. We detected

the presence of autocorrelated errors in the consumption equation, and corrected for this

using the Cochrane-Orcutt procedure. The results did not change significantly when we
tried maximizatibn_of the likelihood function instead of minimization of the sum of
squares, or when we used grid search methods instead of iterated ones.

_: We also detected the presence of autocorrelated errors in the access equation {the
Durbin t-statistic is significantly different from zero), and corrected for this using the
Cochrane-Orcutt procedure. Following Fair (1970}, we included all lagged dependent and
independent variables as instruments for NW, ‘,‘E‘II in order to obtain consistent estimates
of the regression parameters. (GNP at constant “1977 priées was also included as an instru-

ment.)

4, RESULTS AND DISCUSSION

The results of the estimation of the average consumption equation are the follow-

ing.

Table 1. Estimation results for the consumption equation

var coef st. dev t-ratio
const -4.1742 0.7172 -5.8203
U, -1.0433 0.0628 0.6899
N; 5.7E05 1.1E05 -5.0768




The overall fit of the equation is good: R2=0.9521. The estimated value 6f p is 0.3561,
with a standard error of 0.1907. | The coefficient of the price variable is not statistically
.significant, but the coefficients of both N; and In N,_; are. Further;nore, the signs of
these coefficients do correspond to our expectations: a positive network externality effect
ar:.d a negative "marginal user” effect.

The value of B3, the network size coefficient, is 5]50 "ecbnomically“ significant.
One way of seeing that, is to determine the value of the elasticity of average consumption
{vith respect .to N;_;. Since we do not have a log-log functional form, this will depend
on the particular value of ¢. The elas_'ticity values for the minimum, maximum and
mean values of ¢, are 0.2645, 0.1186, and 0.1568, respectively. Thatis, a 10% increase
in the network size implies a 1.6% increase in average consumption, on average, the
value being greater for lower values of ¢;.

Another way of interpreting these results is to evaluate the value for existing
users of connecting an additional user to the network. Since we do not know the exact
functional fOrm of each consumer's demand function, we will have to make some as-
sumptions about the relation between the values of consumption and consumer's sur-

pius. 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 the form
c=fla+b LD g(N). (10)

We present our results contingent on the value of £, the ratio of consumer s.urpl'us to
consumption value. The value of the externality of an additional user is then given by
g—; SUN=fg5& U Forexample, if & equals 0.5 ‘then there is an externality of 1,391

1977 Portuguese escudos. In.order to get a better feel for the relative magnitude of these

results, Table 2 presents the values of the externality gain as a percentage of the sample |

average access charge.



_ Tentative as they may be, these results have important conséquences regarding
optimal pricing in the presenée of network externalities. As Littlechild (1975) has shown,
the optimal policy requires the access fee to be set equal to marginal cost minus the
increase in Surpius to existing subscribers generated by an additional subscriber. SuppOsé
that the actual values of A, were set appr@ximately equal to marginal cost of acces's..'
" Then, the results of Table 2 indicate the 6ptimai reciuétion- of access fees, i.e., the one

which takes into account the externality effect on existing users.

Table 2. Extemalify gain as a function of &
~ (n = externality gain/A)

& . %)
0.25 2.63
1.00 10.52
1.50 15.79

Finally, we turn to the estimation results of the access eqﬁation. These are shown

in Table 3. The overall fit is excellent, as the R2= 0..9947 statistic indicates. Ail

coefficients are statisﬁcal]y significant (5% sigm’ficance_ level) and have the expected signs.
We should note, however, that the coefficient oﬁ N;_, is greater than oﬂe {(and m fact we
can reject the hypothesis that it is not). This seems inc0nsisfent with o_ﬁr assumption that
the partial adjustment factolr, 7 lies between zero and one. We believe this is jusﬁfied_by'
the fact thaf B2 includes some externality effect together with the partial adjustment
effect, .Independcntly of _Lhat,.the value of 83 suggésts that there are important externality

effects. Specifically, ‘the partial (short-run) elasticity of N, with respect to N;_.1 based on

o iy



the coefficient B3 is equal to 1544, 0.022, and 0.084, respectively for the minimum,

) rmx:mum, and average values of N.

Table 3. Estimation results for t_he access'ecjuatipﬁ

e e ——————— y———— e ——

var coef. st. dev t-ratio
/ o c_'on'st - 2484 19974 'lt.z_oaz.
A oo o012 3869
NW..i - 1068 00486 . 219240
N, - 5667 . 2238 18013 .

———————— e o —_ - _———— ———

' ‘Since the estimated 8, coefficient is greater than one, we are unable mcompute '

.long-rnn '-elasticities from these results- In order to' incorporate in -the a -priori
- information that ;Bz must be less lhan one, we performed several. regreuions auumklg
"dlfferent values for Bj. As it turns out, the value'of B, /(‘I - ﬁzJ the one wl'uch is -

_ re!evant for the purpose of computmg long-run elashcmes, does not change substmtially h

for va‘]ues of ﬂz lower than (. 7, as can be seen from Table 4
| - Based on the \_'alue of B3/(1 - B,y), we'can compute the iong-run network
elasticity g which is given by €= Ba/(1~-8 ;)/ NW. The elpstmty. value is mcmsing_m ;

NW, and since NW is increasing in time, the 'elasticity 'is itself decreasing in time Tab'le

'_5 shows the value of - £ for some of- the sample years assuming that g, /(l ﬂ,) = 10,(1!) .

(whlch seems conststent w:th values in Tabie 4).




Table 4. Estimated value of /(1 - 8,) as a functionof B,

B2 B3 /1By
09 17,790
08 13184
0.7 11,672
0.6 10.889
05 ' 10,256
0.4 9,032
03 9,695
02 9,517

0.1 9,375

year £ (%)
;;62 2,083.3
1980 105.‘;
1981 847
1987 393

It is interesting to note that ¢ is greater than one until 1980, and smaller than one there-
after.. This suggests that for any given set of exogenous values, there might exist multiple
network size equilibria. This multiplicity is the basis for the so-called "critical mass” or
. "catastrophe” models of innovation diffusion with netwﬁrk externalities {e.g., Rohlfs,

1974; Oren and Smith, 1981; Cabral, 1989). Specifically, suppose the relation between N*




o a

n
("desired," f;r- "demanded” network size) and N (actual "net\ém*k'size;) is a8 shown in -
Figure 1. For low values of N (but not too lbw) the elasticity of N* with respect to N is

greater than one. - This implies that there are. mulhple equlhbnurn vaiues, in tlus case_ :

three vaiues, two of whn:h are stable We say this isa cntu:al mass situation because if the _

.value on N~ is sufﬁmemly large, thc.n the system wtll converge to-.the good- stable'

equ:hbrmm, wlth a h:gh number of subsmbers On the other hand, the reason. why a
* system like this might produce a catastrophe is the followmg Suppose that we start from

the Iow-N equlhbrmm and that, due to changes in some exogenous vmables (e B per_ o

capita GNP), the whole curve f(N) shifts upwards. It can be seen from.Figure 2 that there

will be a point beyond which the high N equilibrium is the only eQuilibﬁuﬁ'l, and the

ystem'.will' thus ﬁ'{oire *‘éatastrophically" towards it. At the. catastrophe" 'pomt the '

R elashmty (and the denvatwe) of N* wlth respect to N equals one.

0 . . N: T ) .N.” : . N'_‘_c -

Figure 1. Multiple network size equilibria.




fIN)

0 . Nl‘:N’” N'n.r

Figure 2. Catastrophe point.
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Figure 3. Telex network size in Portugal.
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f‘igure 3 plots the values of NW corresponding to our 1962-1987 _sample.. The
data shov;rs a very high rate of diffusion of telex terminals during the late seventies/early
eighties. This strongly suggests a discontinuous change in the eqqilibrium network size
{a "cétastrophe") occurring about 1977. The fact that this is close to the time our estimated
..elastici.ty equals one (cf Table 5) gives support to our presumption regarding thg

qualitative dynamics of N*.

5. CONCLUSION |

This paper has been a first attempt at evaluating the magnitude of network exter-
nalities in Portﬁguése telex service. Our results suggest that network externalities are sig-
nificant, .For average sample values, a 10% increase in network size implies a 1.6% in-
crease in average consumption and an increase in the equiliﬁrium number of subscribers
of 0.7% in the short-run and 15.9% in the long-run. These elasticities are greater the
smaller the values of average consumption or network size are.

Our results have important implications for optimal pricing policy. Assuming
that Consﬁmer surplus is between 25 and 150 percent of thé value of telex usage, we find
tha't_the. optimal access fee should be set between 2.5 and 16 percent below marginal cost
in order to account for netﬁork externalities. -

The relaﬁvely high elasticity ofl demand for access with respect to network size
suggests that the high ra.te of diffusion of telex terminals in the late seventies/early eight-

ies might correspond to a catastrophe point in the equilibrium process.
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