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In this study we present a model for the outgoing telephone tra� c from Spain to
a group of 24 European countries. We use a point-to-point model that incorporates
the speci ® c characteristics of the international long distance service and the socio-
economic relationships between Spain and this group of countries, taking into
account the simultaneity between incoming and outgoing tra� c. Recently available
data on minutes of conversation in each direction allow us to use panel data for the
period 1981–91. We use an orthogonal deviations estimator with instrumental vari-
ables. The orthogonal deviations transformation allows the speci ® c unobservable
characteristics of each route of tra� c to be controlled and the instrumental variables
take care of the simultaneity between incoming and outgoing tra� c. We estimate
a total elasticity of the minutes of outgoing tra� c per line with respect to its own real
price of - 0.81. Other signi ® cant variables are: the volume of trade, the number of
visitors from each country, the number of foreign residents and the minutes of
incoming tra� c. This last variable measures the so-called reciprocal calling e� ect
which is highly signi® cant with a positive elasticity of 0.78.

I. INTRODUCTION

The aim of this work is to develop an econometric model of
the demand for outgoing telephone tra� c from Spain to
Europe. There exist several important reasons for studying
international telephone demand, ® rst, its importance in
terms of revenues, second, because of the policy issues sur-
rounding it. In fact, as in most countries, in Spain the prices
are regulated by the government and subject to periodic
revisions. In this context, it would be useful to have a better
understanding of demand in order to: project future levels
and usage patterns, estimate likely de® cits or surpluses and
examine the e� ects of alternative pricing policies on use,
capacity, and on economic welfare. The purpose of the
present paper is to contribute to such understanding, using
annual data on the tra� c between Spain and 24 European
countries for the period 1981–91.

Previous empirical studies about international tra� c de-
mand in Spain estimate either the elasticity of the tra� c

from Spain to the rest of the world (PeÂ rez-Amaral, 1993;
PNR and Associates, 1994; Garõ Â n and PeÂ rez-Amaral, 1996),
or the elasticities of the tra� c from Spain to individual
countries (TelefoÂ nica, 1992).

In this work, with regard to the disaggregat ion, we adopt
a position in between those mentioned above. The object of
the study is neither the tra� c from Spain to the rest of the
world (highest level of aggregation), nor the tra� c from
Spain to each one of the di� erent countries (lowest). In
contrast, we use a panel data set consisting of 11 annual
observations for a group of 24 European countries. By using
this type of data we estimate a single elasticity for the whole
region and that could be advantageous for evaluating rate
adjustments given that very similar rates are established
within the region. Furthermore, panel data o� er many more
degrees of freedom than time-series or cross-section data,
and allow control for omitted variable bias and reduction of
the problem of multicollinearity, hence improving the accu-
racy of parameter estimates (Hsiao, 1986).
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In this paper we use a rich data set, recently made avail-
able to us by TelefoÂ nica. This data set allows the use of
a novel model of point-to-point telecommunications de-
mand that explicitly takes into account the simultaneity
between incoming and outgoing telephone tra� c. To deal
with this simultaneity as well as with the unobservable
individual speci ® c e� ects we use a new orthogonal deviation
with instrumental variables estimator that allows the con-
sistent estimation of the elasticities of interest.

The rest of the paper is organized as follows. Section II
contains the theoretical framework. The data are presented
in Section III. Section IV shows the econometric model and
the estimation results. Section V presents a comparative
analysis of the results of this and previous studies. The
conclusions are summarized in Section VI.

II. THEORETICAL FRAMEWORK

In order to elaborate a telecommunications demand model
it is important to bear in mind the speci ® c characteristics of
this type of service. First, telecommunications consumption
depends upon the interaction of at least two economic
agents who jointly consume the service. Second, a telephone
call is a shared service, but only one of the agents (the caller)
pays for it. This is unconventional because both economic
agents derive utility from the message. These speci® c char-
acteristics of telecommunications services make the utiliz-
ation of standard consumer theory inappropriate. For this
reason, in recent years, several studies have developed a the-
oretical framework for telecommunications demand.

In this paper we adapt to our data the theoretical model
of point-to-point communications of Larson et al. (1990)
that recognizes the simultaneity between incoming and out-
going tra� c. It is assumed that information yields utility to
individuals, not telephone calls per se. The model considers
an economic agent with access to the telephone network.
This agent is assumed to derive utility from information and
a composite good. Information is produced from incoming
and outgoing long distance calls. Assuming that: (1) there is
only one long distance tra� c route with endpoints A and
B and, (2) the agent is located at point A; then the agent’s
optimization problem is:

Max UA (XA, IA)

s.t: IA = f (QAB, QBA) (1)

pAXA + qAQAB = MA

where the superscript A refers to a consumer located at
point A and the variables are: U is utility of the consumer;
X is quantity of composite good; QAB is quantity of tele-
phone tra� c from point A to point B; QBA is quantity of
telephone tra� c from point B to point A; I is information
produced as a function of QAB and QBA; f is production

function for information; M is income; p is price of com-
posite good; and q is price of the long distance tra� c.

The Lagrangian function for Equation 1 is:

L = UA [XA, f (QAB, QBA)] - l (MA - pAXA - qAQAB)

where l is the Lagrangean multiplier. The ® rst order condi-
tions for Equation 1 are: UA

XA + l pA = 0; UA
I fQAB

+ l qA = 0;
and pAXA + qAQAB = MA, where subscripts denote partial
derivatives (except those of Q). These conditions imply:

UA
X

UA
I fQAB

= pA

qA (2)

meaning that the marginal rate of substitution between
XA and QAB equals the price ratio. From Equation 2, the
general form of the tra� c demand equation is:

QAB = W (XA, pA, qA, MA, QBA) (3)

This equation reveals that the speci® cation of a tra� c de-
mand model from A to B must include as explanatory
variables , not only those usually included but also the
amount of tra� c generated in the reverse direction.

The tra� c demand originating at point B and termina-
ting at point A may be determined in a similar manner, and
the corresponding demand equation will be:

QBA = Z(XB, pB, qB, MB, QAB) (4)

Equation 3 describes agent A’s demand as a function of
agent B’s calls, while Equation 4 describes agent B’s calls as
a function of agent A’s calls. A Nash equilibrium is attained
by the simultaneous solution of Equations 3 and 4.

The ® rst restriction of the maximization problem (1) is
a production function where information is the output,
whereas incoming and outgoing tra� c are the inputs. There
are several hypotheses regarding the substitutability be-
tween inputs in the production of information. First, at one
extreme, those inputs are considered as complementary
inputs. This is the hypothesis of reciprocity of the calls.
Under this hypothesis, information is only generated when
there is tra� c in both directions. At the other extreme is the
hypothesis of the information content of the calls. In this
case, any message (incoming or outgoing) generates in-
formation. The estimated sign of QBA in Equation 3 will give
us an idea of the substitutability between incoming and
outgoing calls.

Equations 3 and 4 are the individual long distance tele-
phone tra� c demands. In order to construct the corre-
sponding aggregate demand equations it is important to
take into account the number of individual economic agents
with access to the telephone network, that is, the number of
main lines in the country of origin of the calls.

The utilization of point to point demand models allows to
include as explanatory variables a group of variables that
approximate the community of interest between the coun-
tries considered (Rohlfs, 1974). It would be expected that the
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Table 1. Countries ordered according to their participation on the
total tra� c to Europe

France 23.89% Norway 0.97%
Germany 18.79% Finland 0.65%
United Kingdom 17.95% Greece 0.43%
Italy 9.45% Poland 0.31%
Netherlands 5.52% Yugoslavia 0.26%
Switzerland 5.47% Turkey 0.25%
Portugal 4.79% Czechoslovakia 0.22%
Belgium 4.57% Hungary 0.15%
Sweden 2.38% Bulgaria 0.07%
Denmark 1.39% Iceland 0.07%
Ireland 1.27% Cyprus 0.05%
Austria 1.07% Malta 0.02%

Note: Self-constructed with data from TelefoÂ nica. Percentage of
outgoing minutes to each country over the total number of min-
utes to Europe.

Table 2. Countries by annual rate of increase in minutes of conversa-
tion from Spain

Bulgaria 35.85% Italy 17.81%
Cyprus 31.53% Portugal 16.23%
Turkey 30.75% Austria 16.05%
Poland 29.79% Sweden 15.29%
Iceland 26.89% United Kingdom 14.67%
Finland 25.56% Denmark 13.95%
Czechoslovakia 25.44% Netherlands 13.73%
Malta 23.22% Belgium 12.61%
Ireland 22.06% Germany 12.47%
Hungary 21.94% France 11.31%
Norway 21.25% Greece 11.08%
Yugoslavia 20.71% Switzerland 10.48%

Note: Period 1981–91, self-constructed with data from TelefoÂ nica.

greater the community of interest between two countries,
the greater the amount of telephone tra� c between them.
Previous models of international tra� c have used market
size as a proxy for the community of interest between
countries. However, communities of interest may be more
related to a group of variables that measure the economic
and social relationships between countries. Those variables
include: tourism, trade, foreign residents and language com-
munality.

III. THE DATA

In this paper we analyse annual telephone tra� c from Spain
to 24 European countries over the period 1981–91. We use
a data set of TelefoÂ nica, that includes the number of minutes
of conversation in each direction for each country. These
data are kept with care due to the settlement process (trans-
fers between the telephone companies that initiate and
terminate each call) that is common in international tra� c.
However, the data are available in greater aggregation than
would be desirable; they include all customer groups, and
do not distinguish the rating period during which the call
was placed.

These data as well as the number of main lines in Spain
have been provided by TelefoÂ nica. The price variable used
in this analysis is the real price faced by customers of
a three-minute call at the standard daytime rate schedule.
De¯ ation is based on the Consumer Price Index (CPI),
published by the Instituto Nacional de Estadõ Â stica (INE).
Socioeconomic data corresponding to other explanatory
variables (tourists and residents) have also been obtained
from INE. The volume of trade between countries has been
constructed by adding the values of imports plus exports
provided by the DireccioÂ n General de Aduanas, de¯ ating
them with the CPI.

The 24 countries of the sample concentrate approxi-
mately 82% of the total number of minutes of outgoing
international telephone tra� c from Spain in 1991. However,
the minutes of calling are very heterogeneously distributed
between the countries of the sample. Table 1 shows a list of
countries by their importance as destination of the tra� c
generated from Spain. Notice that the tra� c is highly con-
centrated by countries of destination. France, Germany and
United Kingdom concentrated 60.63% of the tra� c from
Spain to Europe in 1991.

During the period 1981–91, the volume of tra� c from
Spain to Europe (measured in minutes of conversation) has
increased substantially. On average, the tra� c from Spain
to Europe increased at an annual compound rate of 13.25%
over the sample period. Table 2 shows the countries ordered
by their annual rates of increase of tra� c.

One of the reasons for that large increase in tra� c is the
decrease in real prices. Figure 1 shows the evolution of
prices of outgoing tra� c during the period 1981–91 for the
di� erent areas. As we show in Fig. 1, at the beginning of the
sample period there were three di� erent areas of tari� ca-
tion: Portugal, France and Rest of European countries.
However, after March 1989 the areas of tari� cation are:
EEC and Rest of Europe. The average real cost of a 3-
minute telephone call from Spain to Portugal, has decreased
by 11.57% during the sample period. In the same period, the
real price of a telephone call from Spain to France has
decreased by 33.86%. The prices of tra� c from Spain to the
EEC (except France and Portugal) have decreased by
52.82%. Finally, the decrease in real price to the rest of
Europe has been 44.69%.

IV. EMPIRICAL MODEL AND ESTIMATION

The empirical model has been constructed using the theor-
etical framework of Section II and taking into account
previous empirical studies such as Lago (1970), Rea and
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Fig. 1. Evolution of real prices

Lage (1978), Appelbe et al. (1988) and Acton and Vogelsang
(1992). These works are summarized in Taylor (1994).

Using a double-logarithmic form, the model will be as
follows:

ln OUT L INA
it = a i + b 1 ln PRA

it + b 2 ln INL INA
it

+ b 3 ln T RADEA
it + b 4 ln T OURA

it

+ b 5 ln RESA
it + uA

it (5)

ln OUT L INB
it = d i + g 1 ln PRB

it + g 2 ln INL INB
it

+ g 3 ln T RADEB
it + g 4 ln T OURB

it

+ g 5 ln RESB
it + uB

it (6)

where ln stand for natural logarithms and the variables in
Equations 5 are:

OUT L INA
it Number of minutes of outgoing telephone

tra� c per line from Spain to country i in
year t.

a i Non-observable individual characteristics
of the tra� c from Spain to country i.

PRA
it Real price of a 3-min call from Spain to

country i in year t.
INL INA

it Number of minutes of incoming telephone
tra� c per line from country i to Spain in
year t.

T RADEA
it Value of imports plus exports between

Spain and country i in year t, de¯ ated by
the CPI.

T OURA
it Number of tourists in Spain from country

i in year t.
RESA

it Number of legal foreign residents in Spain
from country i in year t.

uA
it Random error term.

An analogous notation is used in Equation 6. Also:
i = 1, ¼ , 24 European countries; t = 1981, ¼ , 1991 years;
number of observations = 264.

Equation 5 is the outgoing tra� c demand from Spain to
the countries considered, and Equation 6 is the demand for
tra� c from each European country to Spain. Given the
availability of data we have not been able to estimate the
second equation (Equation 6) of the simultaneous equations
model. For that reason, we estimate only the ® rst equation.

The dependent variable in Equation 5 is the average
tra� c per line from Spain to Europe. The explanatory
variables are: the real price of the service, the average
incoming tra� c per line (by country of origin of the tra� c),
the volume of trade between Spain and the countries con-
sidered, the volume of tourism and the number of legal
foreign residents in Spain by country of origin. By using the
number of lines in the denominator of the dependent vari-
able we impose the restriction that the elasticity of the
amount of international tra� c to the number of lines is one.
This constraint is tested in the Appendix and is not rejected
by the data.

An important issue in panel data analysis is how best to
control for unobserved individual heterogeneity to avoid
biasing the coe� cient estimates of included explanatory
variables . We experimented with various ways to model
route speci ® c e� ects. Table 4 shows the coe� cient estimates
obtained under di� erent assumptions about individual het-
erogeneity. The results in column (1) correspond to ordinary
least squares, and restrict the coe� cients to being the same
for all the tra� c routes. However, the implicit assumption of
constant intercept and slope coe� cients may not always
hold for the di� erent countries.

One way to address the problems that arise from con-
straining the intercept and slope coe� cients to be equal for
the di� erent cross sections is allowing the intercepts to vary.
The estimates in columns (2) to (5) correspond to the as-
sumption that the slopes are equal across tra� c routes, but
allows for each route having its own intercept. The results in
columns (2) and (3) di� er in the assumption concerning the
non-observable individual e� ects. In (2), the individual
e� ects are treated as ® xed ( ® xed e� ects model), whereas in (3)
they are considered random and form part of the error term
(error components model). Under the ® xed e� ects assump-
tion, the within groups estimator is the best unbiased es-
timator, while under the random e� ects hypothesis the most
e� cient unbiased estimator is the generalized least squares
estimator (GLS), provided that the speci® c random e� ects
are uncorrelated with the explanatory variables. When this
is not the case, GLS is inconsistent, and one must resort to
an estimator which both eliminates the permanent e� ects
and permits consistent estimation of the coe� cients.

A way of detecting correlation between individual e� ects
and regressors is the Hausman test, which measures the
distance between the within and GLS estimations. The
di� erence should be small if the individual e� ects are
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Table 4. Dependent variable: log of number of minutes of outgoing international telephone tra� c per line

Method of (1) (2) (3) (4) (5)
estimation OLS WITHIN GLS FIRST ORTHOG. DEV.

DIFFERENCES WITH I.V.
Regressors

CONSTANT - 2.49 – - 2.36 – –
( - 3.48) ( - 3.92)

ln PR - 0.29 - 0.39 - 0.38 - 0.63 - 0.32
( - 3.83) ( - 5.20) ( - 6.75) ( - 8.13) ( - 3.63)

ln INL IN 0.79 0.71 0.73 0.47 0.78
(27.91) (22.59) (25.42) (13.66) (17.43)

ln T RADE 0.12 0.08 0.09 0.07 0.09
(4.32) (2.56) (3.18) (2.13) (2.88)

ln T OUR 0.09 0.13 0.11 0.16 0.11
(4.21) (3.41) (3.88) (4.44) (2.78)

ln RES 0.01 0.08 0.07 0.05 0.04
(0.52) (3.62) (3.25) (3.12) (1.93)

Adjusted R2 0.99 0.91 0.96 – –
Signif. slope coef. – – – 425 2283.03
Degrees of freedom 5 5
M1 – – – 1.01 9.26
M2 – – – 0.99 6.24
Signi ® cant – F2 3 , 2 3 5 = 27.21 – – –
individual dummies
Standard error regr. 0.24 0.13 0.14 0.08 0.12

Note: t-ratios in parentheses. M1 and M2, are respectively ® rst and second order autocorrelation tests. DF: number of degrees of freedom.

uncorrelated with the explanatory variables. A large di� er-
ence, however, would suggest correlation between errors
and regressors and the GLS would be inconsistent. In the
present case, the chi-square statistic for the Hausman test is
2.1, which is insigni® cant when compared with the critical
value of x 2

5 = 11.1. Then, in this case, and in the absence of
other problems, the GLS estimator would be the most
e� cient unbiased estimator. However, in our case, there
exists simultaneity between incoming and outgoing tra� c
and we correct it by instrumenting the incoming tra� c.

The di� erences between columns (2) and (4) are due to the
di� erent methods to control for the non-observable e� ects.
In (2), the speci® c e� ects are eliminated by subtracting from
each observation the temporal average corresponding to
that speci ® c route, whereas in (4) they are eliminated by
taking ® rst di� erences.

The estimates of (2), (3) and (4) are consistent only when
the regressors are strictly exogenous. In our case, the num-
ber of lines (which appears in the denominator of the depen-
dent variable and incoming tra� c) can be safely considered
as an exogenous variable, since it is essentially determined
by the volume of local and national long distance tra� c.
The price is, also, an exogenous variable because it is a regu-
lated price and does not depend on demand. The variables
tourism, trade and foreign residents can also be considered
exogenous variables. However, in order to control for the
possible endogeneity of incoming tra� c we estimate the
model using the lagged value of ln INL IN as instrumental
variable. The estimates are presented in column (5) in which

we use an orthogonal deviations transformation of the vari-
ables where the constants are removed by subtracting from
each observation the standardized mean of the observations
corresponding to future periods (see Arellano and Bover,
1995).

After selecting speci ® cation Equation 5 we comment on
the results in terms of elasticities. Because of the double
logarithmic form, the estimated coe� cients are, directly,
elasticities. However, these are impact elasticities and they
are only measuring the ® rst e� ect on the outgoing tra� c of
a given change in the explanatory variables. Those values
ignore the e� ects that any change in the explanatory vari-
ables will have on the volume of outgoing tra� c through the
simultaneous change of the volume of incoming tra� c.

The ® rst e� ect of a change in the own-price on the volume
of outgoing international tra� c from Spain to Europe is
- 0.32 and highly signi® cant. Incoming minutes of conver-
sation per line turn out to be signi® cant, with a coe� cient of
+ 0.78. This supports the hypothesis of incomplete sub-
stitutability between calls in each direction and suggests
the existence of a positive reciprocal calling e� ect. Other
relevant variables when explaining the outgoing telephone
tra� c from Spain to Europe are; the number of foreign
residents in Spain, the volume of trade and the volume of
tourism. The estimated impact elasticities are + 0.04,
+ 0.09 and + 0.11, respectively.

In order to obtain the total e� ect of a change in any of the
explanatory variables it is necessary to derive the re-
duced form equation corresponding to Equations 5 and 6.
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Fig. 2. E� ective demand curve

The reduced form of our model of simultaneous equations
will be:

ln OUT L INA
it = a i + b 1 ln PRA

it + b 2 ( d i + g 1 ln PRB
it

+ g 2 ln INL INB
it + g 3 ln T RADEB

it

+ g 4 ln T OURB
it + g 5 ln RESB

it + uB
it)

+ b 3 ln T RADEA
it + b 4 ln T OURA

it

+ b 5 ln RESA
it + uA

it (7)

Given that the tra� c received in Spain with origin in each
European country is equal to the outgoing tra� c from each
European country to Spain, in Equation 7 we may substi-
tute INL INB by OUT L INA and the reduced form will be:

ln OUT L INA
it = a i + b 1 ln PRA

it + b 2 (d i + g 1 ln PRB
it

+ g 2 ln OUT L INA
it + g 3 ln T RADEB

it

+ g 4 ln T OURB
it + g 5 ln RESB

it + uB
it)

+ b 3 ln T RADEA
it + b 4 ln T OURA

it

+ b 5 ln RESA
it + uA

it (8)

From Equation 8, the total e� ect of a change in price on
the volume of outgoing tra� c is:

¶ lnOUT L INA
it

¶ lnPRA
it

= b 1

1 - b 2 g 2

(9)

Assuming that the reciprocal calling e� ect is symmetrical in
both directions (b 2 = g 2 )we obtain a total e� ect of - 0.81.

The total e� ect on the outgoing tra� c of a change in the
rest of the explanatory variables can be obtained in a similar
manner. The results will be:

(i) Total e� ect of a change in the number of residents:
+ 0.10.

(ii) Total e� ect of a change in the volume of tourism:
+ 0.28.

(iii) Total e� ect of a change in the volume of trade: + 0.15.

Graphically, the di� erence between the two values of the
price elasticity is explained in Fig. 2.

DD is the representation of Equation 5 and shows the
demand curve for the outgoing tra� c from Spain to Europe.
This curve has been constructed for a given amount of
incoming tra� c, INL IN = INL IN1 . When the real price of
this service decreases from PR1 to PR the quantity de-
manded will increase from Q1 to Q2 . The movement is the
impact e� ect of a change in prices and its estimated value in
this work is - 0.32. However, when prices decrease,
the INL IN variable will increase (INL IN = INL IN2 ) and
the new demand curve will be DD9 . With DD9 and PR2 the
quantity demanded will be Q3 . The e� ective demand
curve will pass through the points 1 and 3 of the ® gure. The
price elasticity estimated for this e� ective demand curve is
- 0.81.

The estimates of this study can be considered long run
elasticities and the equation should be considered a long run
equation, which might justify the existence of serial correla-
tion in the errors. The modelling of the short run dynamics
would probably require quarterly data which are currently
unavailable.

V. COMPARATIVE ANALYSIS OF
THE RESULTS

In order to compare the results of this and previous studies,
it is important to bear in mind the di� erences between the
countries involved in each study, the di� erent periods of
time and the type of data. Table 5 summarizes the results of
this and previous empirical studies.

We will concentrate on the studies for the case of Spain.
First, we compare the results of the last four studies of Table
5. The common characteristics to all of them are: the origin
of the call (Spain), the type of data, and the period of time.
As we can see, the impact price e� ects alone ( ® rst value in
the price elasticity column) are quite inelastic and growing
in absolute value with the distance (or price) of the call. In
fact, we get the largest absolute value of the elasticity for the
tra� c to Africa and Asia ( - 0.69), and the smallest value
for the case of the European countries. The value of
the elasticity to America is in between those two ( - 0.51).
These results are in line with the theoretical literature and
the common sense. However, when taking into account the
total e� ect this order changes because of the di� erent values
of the reciprocal calling e� ect.

Price elasticities of the tra� c from Spain to Europe are
also estimated in TelefoÂ nica (1992) for the same sample
period. In that study, the estimated price elasticity for
the tra� c from Spain to the EEC countries is - 0.32 and
the corresponding value for the tra� c from Spain to the rest
of European countries is - 0.56. It is important to notice
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Table 5. Price elasticities of international telephone tra� c

Dependent Price Income Type of
Study variable elasticity elasticity data

Rea and Lage (1978) No. of outgoing - 1.72 2.66 Panel annual:
calls (0.26) (0.27) 1964–74
USA 37 countries

Bewley and Fiebig (1988) No. of calls and - 0.49 – TS: quarterly
mins. from (0.13) 1976–83
Australia

Curien and Gensollen (1989) No. of mins. - 0.82 – Panel annual
France (0.08) – 1976–80

25 countries
Appelbe et al. (1988) No. of mins. - 0.43, - 0.49 0.61, 0.74 Panel quarterly:

Canada–USA (3.18), (2.41) 10 routes
Acton and Vogelsang (1992) No. of mins. - 0.36 1.39 Panel annual:

USA–Europe (0.09) (0.17) 1979–86
17 countries.

Telefonica (1992) No. of mins. - 0.32 0.81 TS monthly
Spain Europe (EEC) 1981–91

Telefonica (1992) No. of mins. Spain– - 0.56 1.46 TS monthly
Europe (not-EEC) 1981–91

Perez-Amaral (1993) No. of meter counts - 0.42 2.46 TS quarterly
Spain (residential) ( - 0.19) (0.30) 1980–91

Garin and Perez-Amaral Revenue of outgoing - 0.77 0.63 Panel annual:
(1996) tra� c from (0.08) (0.09) 1985–89

Spain 50 provinces
Garin (1996) Min. of outgoing - 0.53/ - 0.65 – Panel annual:

tra� c from (0.08)/– 1981– 91
Spain to America 19 countries

Garin and Perez-Amaral Min. of tra� c - 0.69/ - 1.31 – Panel annual:
(1997) from Spain to Africa (0.08)/– – 1981–91

and Asia 27 countries
Garin and Perez-Amaral Min. of outgoing - 0.32/ - 0.81 – Panel annual:
(present study) tra� c from (0.09)/– – 1981–91

Spain to Europe 24 countries

Notes: Standard deviations in parentheses. A dash indicates a value not speci® ed in the study. TS: Time Series. When shown two di� erent
values of the price elasticity: the ® rst one corresponds to the impact e� ect, and the second is the total e� ect.

that the values found in TelefoÂ nica (1992) are close to the
impact elasticities obtained in the present work.

VI. CONCLUSIONS

Demand functions for outgoing international telephone
tra� c from Spain to Europe are estimated using panel
data corresponding to 24 European countries for the
period 1981–91. Our data allow us to use a point-to-
point model for telecommunications demand. This model
recognizes the simultaneity between incoming and outgoing
tra� c. Our method of estimation takes care of the
endogeneity of incoming tra� c by using instrumental
variables.

Using the log of the number of outgoing minutes per line
as the dependent variable, we estimate a total own-price
elasticity of - 0.81. This means that at the present moment,
when there is a tendency to approximate tari� s to costs,
a reduction of the tari� s would imply a decrease of the
revenues of the operating company for two reasons: ® rst,
the negative sign of the elasticity means that a decrease
of the tari� s would imply an increase in the volume of
outgoing tra� c and consequently the operating company
will increase its payments for the use of the international
networks. Second, the estimated coe� cient being less than
one (in absolute value), means that a decrease in tari� s
will increase the tra� c in a smaller proportion. Then, the
operating company may not have incentives to decrease
tari� s.
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Another relevant factor for explaining the outgoing tra� c
from Spain to Europe is the volume of trade between Spain
and the di� erent countries. This variable is used as a proxy
for the community of interest between countries and pres-
ents an elasticity of 0.23. The volume of tourism is also
signi ® cant for explaining the outgoing tra� c to Europe with
an elasticity of 0.28. Another result is the existence of a r̀e-
ciprocal calling e� ect’ with an estimated value of + 0.78.
This result supports the intuition that c̀alls generate calls’.

This work belongs to a set of studies that model the
international telephone tra� c from Spain. This is imple-
mented by modelling groups of homogeneous countries. At
this moment, there exist models for the tra� c to America
(Gar õ Â n, 1996) and for the Middle and Far East countries
(Gar õ Â n and PeÂ rez-Amaral, 1997).

Should the data permit, it would be interesting to further
disaggregate the international telephone tra� c by types of
customers (residential, business and public telephones) and
by time of the day.
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APPENDIX: DIAGNOSIS OF THE MODEL

Once column 5 of Table 4 has been selected as the preferred
estimation technique, a battery of diagnostics is performed
in order to explore the validity of the assumptions which
have been used as the basis for the estimation.

(1) Restriction of unit coe� cient of the variable ln L IN. The
coe� cient of this variable has been restricted to be one
in the model of Table 4. A Wald test consisting of
performing a t-test on the coe� cient of the variable ln
L IN as an additional regressor to the model gives
a value of 0.93, which is insigni ® cant and suggests that
the data do not reject the restriction.

(2) Stability of coe� cients across routes. For this we com-
pare in Table 6 the coe� cients of the whole sample, with
those of Subsample 1 in which we exclude the three
largest countries: France, Germany and the UK, which
represent 60% of the total tra� c and with the coe� -
cients of Subsample 2 in which we exclude the six
smallest countries: Malta, Cyprus, Iceland, Bulgaria,
Hungary and Czechoslovakia.

The estimates in Table A1 suggest that the coe� cients are
reasonably stable across routes, except possibly the one for
tourism.

Table A1. Stability across routes

Variables
Whole
sample

Sub-
sample 1

Sub-
sample 2

ln PR - 0.32 - 0.32 - 0.28
( - 3.63) ( - 2.11) ( - 3.25)

ln INL IN 0.78 0.78 0.94
(17.43) (8.86) (16.41)

ln T RADE 0.09 0.09 0.11
(2.88) (3.33) (2.77)

ln T OUR 0.11 0.11 - 0.13
(2.78) (0.08) ( - 2.05)

ln RES 0.04 0.04 0.06
(1.93) (0.25) (2.91)

Note: t-statistics in parentheses.
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