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Abstract: We develop a theoretical model which " explains the
joint decision for jeoining a telephone network and using it. We
arrive at testable propesitions and use.data for the Portuguese
telephone services to test them. Results suggest that positive
network externalities are very important. A 10% increase in the
network would increase the demand for access by 7-8% in the long
run and an increase in traffic by 6-7% in the long run {assuming
conatant population}. The income elasticity for traffic is
greater than one in the long run. Both these results imply a
strong pressure in the telephone network and & need for planning

so that the quality of the services does not deteriorate.

** Wo are grateful to Rui Nuno Baleiras for able research
assistance, Carmo Seabra and two anonymous referees for useful
comments and suggestions, Responsibility for any errors or

shortcomings of the paper is solely mine



Introduction:

There are many services for which the consumer must pay an
access fee prior to use. Examples of these are the telephone,
telex, telefax aer#ices or social clubs.

For the services presented above, the well-being of a
consumer Joining the network (club) depends on the number of
people in the network. There ig a network externality which. can
be either positive or negativé depending on how the dimension of
the network affects the quality of the service (possibility of the
existence of congestion). | |

There is a vast literature in optimal pricing of access and
usage of services with network externalities (see Willig (1979)
and Curien (1987). The main conclusion of this literature are: 1)
The access fee should be set below the marginal costumer access
cost and the usage fee should be set below the marginal usage cost
if there are network externalities. The existence of positive
network externality.implies that to obtain the optimal number of
subscribers the access fee should be set below the marginal
custcmer access cost.

The purpose of this paper is to develop a theoretical model
which explains the demand for these services assuming there is a
two-part tariff, and empirically test it with Portuguese telephone
s2rvices data, to see if there are positive network externalities.

In this paper we present a simple theoretical model which



allows us to arrive at a sufficient number of testable
propositions with a small set of assumptions; for instance, we do
not assume differentiability of the utility function or use the
money metric, and we show the existence and uniguenees of a lower
bound income above which all consumers will want to access the
service,

As in the Portuguese case, there is a waiting list demand for
telephone services, i.e., waiting list for the telephone to be
installed, we suggest two alternative ways of empirically
evaluating the price, income and network elasticitiee of the usage
demand. Literature, so far, when testing the theory did notl
consider the effect of a waiting list in the actual demand, 80
this paper is the first to consider the difference between usage
per subscriber and average usage per capita.

In the Portugueée case the waiting list is not a rationing
device but the result of a temporary shortage of supply, that the
.firma promiged to solve in the near future. A person.is counted in
the waiting list if he tells the company he wants a telephone
installed. He will have his telephone installed when there 1is
a line available for the place he asked it for, so there are some
persons who gtay in the list for a short period while others will
stay in the list for a long period. There is no payment till the
telephone is inatalled.

For most people obtaining a telephone is a kind of a lottery.

Our estimations show that empirical results depend on the

estimation procedure used, but both alternatives point to a



positive network externality.

There is a long series of studies dealing with telephone
demand. Some 6f the better ones are Taylor (1983) and Curien and
Gensollen (1987). Studies dealing with Portuguese data are Melo
(1986) and Luz (1990).

Without going into the details of these studies, their main
assumptions can be easily stated. All these studies consider that
the demand depends on the real price of telephones (access and
usage), income, population. Some of these studies point out the
 exiatenqe of externalities in the usage of telephones.

In this paper we consider and find evidence of the
possibility of partial adjustment in the access demand.

The theoretical results are tested using data for the
Portﬁguese'telephone gervices. We explore some alternative ways
of estimation when there is a waiting list. |

Finally, we éompare the results of both estimations. The
results suggest a positive network externality in the demand for
telephone services. _

In the Portuguese case the satisfaction of the waiting list
would (in 1988} have increased the demand for access by 7 - 8 %
and the usagé demand by 6 - 7%.

The existence of network externality pointé to the need of
more research to be done in the study of the optimal pricing of

telephone services in Portugal.



The Mcdel:

The following model addresses the example of telephone
services, but is similar to the cases of the other services
preéented in the introduction.

It is assumed that each consumer’'s well being depends upoh
the usage of telephone (é.g. number of phone calls), the
consumption of other goods (numeraire) and the number of people
connected to the network at the time the decision is made (N).

Each consumer has a positive exogenous income and preferences
which can be represented by a utility function

U{dN,du, x)

where d=1 if the consumer has access to the telephone network
and d=0 otherwise; u is a measure of telephone usage and x is
the quantity of other goods.

We assume the following conditiong to be verified:

A.l) U(N,u,x) is continuous in u and x

U(0,0,x) is continuous in x

A.2) there is no satiation in 'x and u, meaning that if

x1>x then U(dN,du,xlj > U(dN,du,x) for all u, d and N, and if

ul > u then U(N,ul,x) > U(N,u,x) for all x and N.

A.3) there is perfect divieibility of u and x.

A.4) U(N,u,oj < U(0,0,x) for all x>0 and u>=0 and N; people

cannot survive by telephone use, without consuming other

goods,



A.5) lim U (N}O,x) » lim U (0,0,x) as x goes to infinity;
meaning.that after the basic needs are _aatisfied, people
prefer having a telaphoné to not having it. At the same
time this assumption considers the option demand for
telephone.

A.6) i1f x1 > x2 <then [U{dN,du,x2+h) - U{dN,du,x2)] >
{U(0,0,x1+h) - U{0,0,x1)] for all h > 0 and for all d and u;
the same amount of incfease in the consumption of the other
goods increases the utility more, the smaller the
congumption of the other'gooda is which the consumer started
with. This assumption is similar to saying that "marginal

utilities” are decreasing.

Each consumer scolves the problem
b!.*a:zd'i_mc U(dN,du,x)

8.t.

d(Pa+Pu u)+x = y

x,u >= 0

d=1 or 0

where Pa is the access charge, Pu is the usage charge and y is the

exogenous income.

As d takes two distinct wvalues, the easiest way to
discuss the solution of the above problem is to solve it for d=0

and then for d=1



Case of d=0

Max U(0,0,x) (9)
-8.t.

x5y
| 0
by conditions A.1l), A.2) and A.3) the above problem has at. _leaat

v

X

one solution for y =z 0.

The set of ocptimal solutions to (0) is denoted
{ x(y) } and V(y)=U(0,0,x(y))

V(y) satisfies the following properties:

POl - V(y) is continuocus for y = 0

P02 - V(y) is increasing in y

Case of d=1

Max . U(N,u,x) | (1)

8.t. |

Pu u + x £y -~ Pa

u,x = 0
by conditions A.1l), A.2) and A.3) the above problem has at least
one solution for y - Pa z 0.

The set of optimal solutions to (1) is denoted
{ u{(Pu,y-Pa,N),x{Pu,y-Pa,N) } and

V(Pu,y-Pa,N) = U(N,u{Pu,y-Pa),x(Pu,y-Pa))



V{(Pu,y-Pa,N) satisfies the following propefties:
Pll - V(Pu,y-Pa) is continuous in Pu, y and Pa for y-Pa 2 0
and Pu » 0

P12 - V(Pu,y~Pa) 18 increasing in y and non increasing in Pu

and Pa.

P13 - V(Pu,y-Pa) is quasi-convex in Pu.

Proposition 1:
There is a y* such that V(y*) = V(Pu,y*-Pa,N) for all

Pu,Pa > 0, i.e., the:e-a level of income for which the consumer is

indifferent between having or not telephone.

Prodf:

Suppose.tha proposition is false. There is a ' Pu and a  Pa,
both positive, ﬁuCh that v(y) = V(Pu,y-Pa,N) for ali Y.

As both functions are continuous in y either V(Pu,y-Pa,N)
> V(y) for all y or V(Pu,y-Pa,N) < V(y) for all y. |

The <first case is false because‘ if y-pa = 0, and
V(Pu,y-Pa,N) = U(N,0,0) < V(y) by conditione A.l) and A.4).

' The second case is false because V(Pu,y-Pa,N) 2 U(N,0,y-Pa}

by definition > V(y) as y goes to infinity (by condition A.5)
and_A.l); ' |

Therefore, there is a y* such that-V(fu,y*—Pa,N) = V{y*). u



Proposition 2:
The y* in Proposition 1 is unique.

Proof: |

Suppose not. There are yl and y2 such that V(Pu,yi-Pa,N) =
V(yl) and V(Pu,y2-Pa,N) = V(y2) and yl = y2.

Let us assume yi > y2, this implies that yl = y2 + h (h >0)

V(Pu,y2+h-Pa,N) - V(Pu,y2-Pa,N) 2
UfN,u(Pu,yz-Pa),x(Pu,yZ-Pa)+h) - V(Pu,y2~Pa) > V(yl) -  V(Y2) by
condition A.6) as x(Pu,y2-Pa) < y2.

Therefore, there is a contradiction which  proves  the

uniquenese of y.

Proposition 3:
If yl > y* (of Proposition 1) V(Pu,yl-Pa,N) > V(yl), {i. e.,

éonaumers-with highexr income than y*'will have telephone.

Proof:
yl = yvh (b > 0)
V(Pu,yl-Pa,N) > U(N,u(Pu,y*-Pa,N),x{Pu,y*-Pa,N)+h)
U(N,u(éu,y*-Pa,N),x(Pu,y*-Pa,N)+h) '
' U(Nfu(Pu:Y*-P&:N);K(Pu,y*-Pa(N)) + V(y*).by definition of y* >

V(Yl) - V(y*) + V(y*) = V(yl) by A.6). B | | "

We assume that all the consumers are equal, face the same

pricee and have different incomes.



If the income i distributed with density f(y), then the_
demandﬁfor adcesa (A) (number of telephones & certain population
wants to have installed) is

B + o _ ' .

A=POP [ f(y) dy where POP is the total population;
. ' y* ' | : _ : :
the demand for access is the number of consumers with income
higher than y* in a certain population.

(Note: if A > the installed network (N), the network

~will increase)

Apc = A/POP -~ access demand per capita or proportion of

population_with telephone.

and the demand for usage (U) is given by

m

U = POP [ u(Pu,y-Pa,N) f(y) dy
y* .

Upc = U/POP - usage demand per capita or ‘average number of
calls or periods of usage.

Proposition 4: ! _
y* increases with Pu and Pa. If U(N,u,x) is increasing in N,

y*'dGCreaaés with N,



Proofi _ _
~ This results from the fact that | V(Pu,y-Pn,N) _docronlos
. with Pu nnd Pa and increases with N, and V(y) does not depend

on Pu and Pa.

Corollary 1: -
 Apc is decreasing in Pu and-Po;'and.incraaSino with N..

Proof:{

| Usino Proposition 4 and definition. . _-T B

Corollary 23 _
Upc is decreasing in Pa and increasing with N if u(Pu,y-Pa N)

is increasing in y and N.

froof:.

An' increase in Pa (decreaao in N) decraaaoa V(Pu,y-Pa,N) .d
therefore incraasos ¥+ (by Propoaition 4). |

U is - then the integral - of ‘the same (smaller) politivo'

lfunction in a smaller interval andotharafore decresases. = =
Corocllary 3: _

If u(Pu,y?Pa,N)'_is_ increasing in 'y, then Upe is

non~increasing in Pu.
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Proof: _

Be Plu > Pu and yl = Plu u(Pu,y-Pa,N) + x{Pu,y-Pa,N) > y.

| u(Plu,y-Pa,N) - | u(Pu,y-Pa,N) = [u(Plu,y-Pa,N) -
u(Plu,yl-Pa,N)] (1) + [u(Plu,yl-Pa,N) - u(Pu,y-Pa,N)] (2).

(lj is negative by assumption of this proposition. |

(2) is non-positive by the theory of Revealed Preference,

therefore | _ |

u(Plu,y-Pa,N} - u(Pu,y-Pa,N) is negative.

As y* is decreasing with Pu, Ulpd is the integral of a

smaller positive function in a smaller interval, therefore Ulpc <

Upc. [ ]
From the proﬁositions above we conclude that the per capita
demand for access and for usage is decreaaing in Pa and Pu and
increasing with N.
If there is a general increasé in y, meaning a shift to the
right of the distribution of y, then the per capita demand for

access and for usage increase. If we characterize the distribution

of y by its mean (my), a shift to the right implies a higher mean.

In conclusion, from the above model we have:

- - o+ +
Apc = Apc ( Pa, Pu, N, my )

and

- -+ o+
Upc = Upc {( Pa, Pu, N, my )}

11



where the signs of influence of the explanatory variables

dbove them.

12
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Data and Estimation Procedures:

Our estimations are based on the available annual information
for the telephone gervices in Portugal (mainland) for the period

1963-1988.

In Portugal the usage of the telephone by a éubacriber (at
home) has 3 costs:

1) the cost to have the telephone installed (Pi)

2) the monthly rent of the telephone (Pr)

3) the price of each period for which the telephone is used

{Pul)

I1f we compare thege three costs with the costs that appear in
‘the above model, we see that Pul is the empirical counterpart of

Pu and Pa is positively related with Pi and Pr.

We do not know the income distribution in Portugal. The data
we have available ie the real income per capita (the mean of the
distribution). We use this information in the estimation to see
the influence of income in the demand for access and the demand

for use.

The total population in Portugal in each year is known and is

POP in the above model.

13



The demand for telephones has not been satisfied in Portugal;
_ there are.a number of consumers that are on a waiting list.
This waiting list accounted in one year for more than 16% of
~consumers that wanted to have a telephone installed (people with
telephone plus people on the waiting list).

We assumed the sum of telephones installed plus the number of
people on the waiting list as the total demand for acceda; as
explained in the introduction we do not béliave the waiting list

to be a rationing device in this particular case..

The number of periode the telephones were used in Portugal in
a particular year is available. This number does not correspond to
U above because of the existence of the waiting list, therefore
'there is people who would have telephone and used it but had not
his telephone inetalled.

Let us call VU the verified traffic for which we have data
available.

If we assume that people in the waiting 1list are randomly
selected from all the people who wish to have a telephone, we can
use the number of pefiods used (VU) multiplied by the number of
telephones plus waiting list divided by the number telephones as &

measure of U.

As people have telephones to contact or be contacted by other
pecple. Therefore, the dimension of the telephone network is going

to influence the utility that results from having a telephone.

14



We can assume there is a positive network externality in the

case of the telephone services,

The demand for access is not attained inatantiy, Therefore,
there may be some temporary disequilibrium. We can capture this
temporary disequilibrium through a partial adjustment process (aeg
- Cabral & Leite 1989).

To keep the demand equations eimple we assumed that they are
log-linear as the goal of this paper is to show the existence of

network externalities.
The data conseists of the foilowing variables:

Endogenous variables are:

A - telephones installed plus waiting 1liet. Data available
for 1968 -1988; there are no data collected on the waiting list
for the period prior to 196B. From our examination of the data
avajilable we presume that there was a waiting list before 1968.

VU - number of periods used. Data available for the period
‘1963 - 1988. In 1985 there was a break in the series as the result
of the splitting of the two companies that offer telephone
services in Portugal. We use the series 1963 - 1985.

U - number of periods used multiplied by A divided by the

number of telephones installed.

Note that all data is for private plus business demand and

15



therefore is different from the ideal for testing the model above.

The exogenous“variables are:
Pu - real price per period of use of the telephone.
"Pr - real monthly rental price of the telephone
Pi - real installatioh’pxiée of the telephone. The Consumer
Index pricé wae used as deflator. _
Y- real income per capita. Data from the Portuguese National
Statistics Office (INE). |
- POP - popuiation regident in Portugal (mainland). Data from
the INE. |

N - number of telephones installed {(number of subscribers}.

So in what follows:

W - waiting list

APC = N + W
POP
N + W .1

Upc = VU *

The functional forms of the eqﬁationa to be estimated are

(log-linear forms are used for simplicity reasdnal)-

1 The main results do not change if we assume linear relations.

16



lnApc no + bl lnPi + b2 lnrr + h3 lnru + h4 1nnpe(-1) +. b5
;lnﬂ(-l) + b6 In¥ +u S | f”_ o
'z'_for the accosl por capita oquation with partinl adjuat-nt ;(}iblgj ;Fi
_-'bz, b3 < 0 anﬁ b5, b6 > 0-by the above modol),_ | IR

| 1nupe =c0 + el 1nPi + c2 lnPr + c3 lnPu + et 1au(-1) +’ cs -
"1nupc( ~1) + cé lnr +a ' ' : ' ' -

_ffor thn ulago per capita equation ( cl, cz, el < o aad c4, cs > '0'“f-"

-¥ 'by th. sbove mad.l)

"3 Th.ao .quation: wirc cltimltod uling ordinary loa:t lqulrls* o

‘and we used xnxinun Likelihood for the detection of ' first order _7
"autocorrelntod arrora.: No coofficinnt of autocorrtlltion una

siqnificantly diftotont trom fero . at 10! lovtl. .H-
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_Empirical Resulte:
Following, we present the elasticities of the access demand
and’uiag- dqmand..The'absoiute value of the t - ratios fo;;.;hq

‘coefficients appear between brackets.

- 1) Access Demand Per Capita

Shortinun' Long Run . No Partial Adj;j. 
PL . -.0409  -.0683 -.0065
o (2.62) o (-49)
Pr -.0875 C-.2461 -.1431
(3.43) | o o (6.45)
Pu -0272 . -.0a56 -.0415
| ey N TTN
Y  .2357 . .3936 - .3907
| o (3.09) o (5.58)
N(-1) .4642 L7751 .7387
o (4.80) ' o (25.40)
Apc(-1)  .4011 i | o
) C (2.7 o
| Adj.R2  .998 | - . .998

. The reyults;abova.show-that-with'excluﬁion_o£ ‘the ‘one 'timef
Lnatallation pricq; the'.long run estimates and the estimates

‘without partial adjustment are very similar.

18 -



There is a positive network externality, whose elasticity in
the long run 1s around .7 - .8, As there is & waiting list of 9.6%
(1988 data), the satisfaction of this waiting list would 4increase
the'acceaa_démand per capita'by 7 - 8% in the long run. The total
acceses demand would increase 7 - 8 % plus the increase (decrease)
in population.

Another point worthy of attention is the fact that the usage

fee does not significantly influence the access demand.

2) Usage Demand per Capita

As there is a waiting list the verified traffic is below the
theoretical level; there are some people who would like to use
their own telephone and cannot because it has not been installed.

To have a proxy of the theoretical traffic we assume that the
people with telephones are a random selection from the people who
want to have telephones; therefore, as explained above, the
thecretical usage is the subscribers usage multiplied by the the
number of subscribers plus the waiting list divided by the number
of subscribers.

U=VvVUo+*A /N
wharé vu is.the verified traffic, U is the theoretical traffic and
N is the number cof subscribers.

Upc = U / POP U per capita
and we estimate

1) U per capita directly

and
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2) VU/N the verified traffic per subscriber; as Upc = VU/N *
~ A/POP = VU/N * Apc and therefore the Upc elasticities are the
.elasticitiea.of U/N plﬁs fhe Apc elasticities foﬁnd above; this
means that we take the verified traffic per subscriber as a
measure of the average ugage for the non-truncated sample and

multiply by A to obtain U.

2.1) Traffic per capita estimated directly

. Short Run Long Run No Partial Adj.
Pi ' -.0504 -.0786 -.0006
O (1.73) - (.01)
Pr -.0850 -.1326 -.2832
(1.62) (5.13)
Pu -.1023 -.1596 -.0321
| (1.54) (.35)
Y .7918 1.2352 1.5418
(4.47) C(11.61)
N(-1)  .4097 | 6392 .6923
| (3.83) (6.44)
Upc(-1)  .3589 | o
(3.24)
Aadj. R2  .997 o - .996

We see that there are positive network externalities. The

elasticity of the usage per capita in terms of the network in the

20



- previous year is .4 in the short run and around .6 - .7 in the
long run. The satisfaction of the waiting list would increase the
- traffic per capita in 6 - 7%, as the waiting list in 1988 was 9.6%
of the network.

The results above show that there is a large difference in
the value of the monthly rental price and usage price elasticitiés'

estimates. With such a small sample this can easily happen.

2.2) Estimation of the elasticities of the traffic per capita

uaing.the verified traffic'per subscriber equation (VUps = VU/N)

We assume that in the traffic per subscriber there is not a
partial adjustment process, because once the telephone is
installed the individual can use it as many timee as he/she wants.

The egquation to be estimated is

InVUps = c0 + cl 1nPLi + ¢2 lnPr + c3 InPu + c4 laN(-1) + c5
lnY + u '
where VUps is the verified traffic per subscriber.

-Thé_reaulté_for the traffic per subscriber equation are the

following:

21



(.39)
Pr -.1835
| f(3.2z; .
P -.0368
| (A7)
Y ©1.0934
| S (9.99)
R(-1)  <.0429
e
Ad.R2 984

rrom the estimation above we see that tha exilting network in
;the provious period does not positively _influoncc the _trgffiq
demand by subscriber. | o o .

This does not imply the inexistence of network oxternalitio-'-f
because the network externalities have to bo seen in tho traffic
_ per capita and not in the traffic per subscribor,_ t] .xplainpdl
above. ' ' ' ' | |

To have the elalticities of the traffic per capita, we have
to add the above elnsticities to the ones for demand for ccolu. |

‘We obtain the following results



‘Short Run Long Run

Pi - -.0531 ~ ~.0805
(1.52)

Pr -.2410 -.2996
(4.46) |

Pu -.0640 -.0822

| (.73)

Y 1.3291 1.4870
(9.96) |

N(-1) .4213 .7322
(3.13)

And again we see the existence of a positive natﬁork
externality..

From the results above we can conclude that the elasticity of
the traffic demand in relation to the network is around .6 to 7
in ﬁhe long run, which means that in the Portuguese casa,_tha fact
of the telephone company satisfying the waiting list (1988 data),f
would, by itself, increase traffic by 6 to 7%.

The elasticity traffic demand / monthly rental price is much
higher (in absolute values) in this estimation than it was in the
estimation using total traffic per capita with partial adjustment.
This can result from the fact of having a small sample and the
standard errors of the estimates being very large.

- The income elasticity is greater than cne. This means that in
terms of usage, the telephone is still a luxury good for the

'Portuguese population.

23



Conclusions:

We use Table 1 from Taylor (1983) to compare our results with

.those'obtained previously.

Point and Interval Estimates of Price and Income
Elasticities of Demand for Selected Telephone Services

_ Elasticity
Type of Demand Service Con. Monthly Serv. Toll Price Inc.
- Charge Charge |
Access -0.03 -0.10 0.50
. (£0.01) (20.09) | - (%0.10)
(ours) ' -0.07 ' -0.15 - .39
Local Calls - | -0.20 1.00
(£0.05) (£0.40)
Toll Calls (conversation- |
| minutes) _
Intrastate . | . -0.65 1 1.25
- | | (£0.15) (£0.25)
Interstate : ~0.75 1.50
| | (20.20) (+0.40)
International Calle | | | -0.90 1.70
| | (£0.30)(£0.40)
Duration of Tool Calls | -0.015  0.25
| | (£0.05) (£0.10)

(ours - usage) : . -.24 1.23

Source: These estimates refer to long=-run, steady state
elasticities. The numbers in parentheses are subjective standard

|rrors,

24



From the above table we see that oﬁr results appear in the
range ¢f value plus or minus a standard érror with exception for
the coefficient of the installation price in the access demand
equation and the one of the rental price in the usage equation.
This can happen because the countries  Taylor takes into
consideration have a much higher average income per capita than
Portugal.
| In conclusion, this paper éhows that network externalities
are very important in the - Portuguese telephone egervices. Our
results suggest that a 10% increase in the network {approximately
the satisfaction of the waiting list) would increase the number of
subscribers in the long run by 7 - 8 % and the traffic by 6 - 7%
(assuming a constant population). _

This increase has to be accounted for, so the guality of the
service does not deteriorate.

The income elasticity (greater than 1) of the traffic shows
that with the growth process ekpected in Portugal there will be a
préssure on the installed network of telephone services and it is
therefore important to have a short and long run planning of this
sector. |

The demand of telephone services does not seem to be
significantly (10% level) influenced by the usage price. This can
e the result of the aggregation process and micro data should be
necessary to test it.

The one~time installation fee negaﬁively influences the

access demand while the monthly rental fee negatively influences

25



both the accéss demand and the usage demand.

The existence of network externalities showed in this paper .
is an incentive to allocate more time to the research of  the
optimal pricing policy for those services and to the problem of

privatisation of the firﬁs providing those services.

26



References

Cabral, Luis and Leite, Antonio (1989) "Network Consumption
Externalities: The Case of Telex Service ", WP 135, FPaculdade de
Economia, Universidade Nova de Lisboa. -

Curien, Nicolas (1987), " L’ Accese et 1’ Usage Telephonique:
Modelization Conjdinte et Tarifation Optimale ", Revue Economique,
2, 415 - 458,

Curien, Nicolas and Gensollen, Michel (1987), " Lee Theories
de la Demande de Raccordement Telephonic “, Revue Economique, 2,
203 - 255.

Littlechild, §. C. (1975), " Two fart Tariffs and Consumption
Externalities ", Bell Joufnal of Ec0nomi¢e, 6, 661 - 670.

| Melo, Paulo (1986), " Procura de Telefones em Portugal ", WP
53, Faculdade de Economia, Universidade Nova de Lisboa.

Luz, Silvia (1990), " Estudo. Microeconéemico da Procura de
Telefone: Anilise do Impacto de uma Iéengzo Tarifaria *, WP 150,
Faculdade de Economia, Universidade Nova de Lisboa.

Taylor, Lester D. (1980}, " Telecomunicapiona Demand: A
Survey' and Critique, Cambridge, Magsachusetts: Ballinger
Publizhing Company.

Taylor, Lester D.(1983), " Problems and Issues 1in Modeling

Telecomunications Demand ", in L, Courveille & al. (ed), "
Economic Analysis of Telecomunications "y, North Heolland,
Amstaerdam,

27



Varian, Hal R. (1984), " Micrceconomic Analysis ", Naw York,
W.W. Norton Company.

Vafian, Hal R. (1887), " Intermediate Microeconcmics .", New
York, W.W. Norion Company. |

Willig, Robert D. (1979), " The Theory of Network Access
Pricing ", in Harry M. Trebing (ed.), "Issues in Public Utility

Regulation ", Michigan State University, East Lansing.

28





