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~BSTRACT 

The need of developing a methodology for es
t imating the demand of public services that also 
takes into consideration socio-economic factors 
is today recognized as of great importance. The 
author presents in this paper a model for fore
casting the need of telephone services in house
holds. This group of users, usually the residen
tial category, ultimatley reaches 70-80 % of the 
total number of all main lines of a country. 

The paper explains how socio-economic sample 
surveys are used, and the modifications of such 
that will help telephone planners in forecasting 
future demand. With the procedure explained in 
the paper it is possible to evaluate the 
potential demand of various user categories and 
surveyed strata of the country. 

The importance tariff policies have on the 
users possibility to afford the services is 
discussed as well as how a "new" tariff policy 
could stimulate a more equitable, socially 
desired, use of the telephone services in the 
developing countries in particular. 

1. INTRODUCTION 

Today we often hear it stated that 
telecommunication services should be treated as 
an integral part of economic and social 
development. 

The relatively low priority accorded to 
telecommunications in many countries is being 
investigated the world over in order to 
demonstrate the negative impact an insufficient 
development of telecommunication services will 
have on the development of other sectors of · the 
society. Such investigations have been inlcuded 
in the ITU/OECD report "Telecommunications for 
Development". [1] 

The "Independent Commission for World Wide 
Telecommunications Development", created by the 
Plenipotentiary Conference of ITU (1982, Nairobi) 
has recently presented their Report "The Missing 
Link".[2] Among the many recommendations made in 
the report is the establishment of a Centre for 
Telecommunications Development, which would 
include, among others, a Development Policy Unit, 
who's "main function would be to collect 
information about telecommunications policies and 
experience, including experience of the role of 
telecommunications in economic and social 
development throughout the world, and to make the 
results available to developing countries to help 
them formulate policies for the evolution of 
their own networks". 

The need of developing a methodology for 
estimating (forecasting) the demand of public 
services, here particularly devoted to the 
telecommuniation sector, but otherwise valid for 
many other sectors, such as radio and TV 
broadcasting, has been particularly felt by the 
author during activities in several parts of the 
world on ITU assignments. It has often required 
forecasting telephone development in countries 
having scarce and incomplete data • . Usually the 
telephone services were only available in the 
most important urban areas of the countries. The 
rural areas in the developing world often 
represent 70-80 % of the population. Although 
the urbanization process goes on rapidly the 
rural population, will by year 2000, still be 
over 50 %. The possibility of forecasting the 
telephone service requirement in rural areas is 
therefore particularly difficult due to the 
scarcity of statistical data. 

This paper presents a model to use for 
forecasting telephone requirements at the 
household level. This group of users, mainly of 
the so-called residential category, potentially 
represent 70-80 % of the total (future) telephone 
users. In the early phase of telephone 
development of a country, however, the 
business/official user group dominates. For this 
group of users other methods of forecasting must 
be applied. 

The development pattern of the residential 
user group relative to the total number of main 
telephone lines (DEL) is illustrated by Figures 
and 2 below. 

JAPAN Development trends for business and residential users. 
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2. USE OF SOCIO-ECONOMIC SAMPLE SURVEYS 

Most countries have undertaken, or are 
preparing, sample surveys of a socio-economic 
character. They may have many names, household 
expenditure surveys, socio-economic surveys, 
family budget surveys, etc. The fact that 
several UN agencies, such as the International 
Labour Organization, ILO, and the UN-sponsored 
National Household Survey Capability Programme, 
NHSCP, has given guidance on how to undertake 
household sample surveys, has been extremely· 
useful. Thereby the procedures for data 
collection and analysis have been improved and as 
more and more countries follow similar 
procedures, it allows international comparisons 
to be made. 

Since sample surveys have rarely been used 
by telecommunication planners/researchers, the 
statistical authorities of the countries a r e 
usually not analysing the eventually existing 
data on telephone possession by households. 
Thus, the possible use of such surveys for 
studying the telephone (or other public services) 
penetration among households depends on what data 
was collected. An investigation must therefore 
start by checking the questionnaires used at the 
time of the data collection. It is often found 
that a large amount of data was collected, and is 
stored in the data base, but has not been 
analysed or tabulated in the printed documents 
from the survey. Having investigated what data 
is available in the sample survey data base, and 
the data that has been published, it can be 
specified what additional tabulations from the 
data base should be made. It will almost 
certainly involve rerunning the data tapes with 
new instructions. Such work will have to be made 
locally in the countries with assistance from the 
responsible governmental authorities. 

The possession of a telephone by the 
household is usually listed as "durable goods", 
together with e.g. radio, TV, refrigerator, 
motorcar, bicycle, etc. If this is the case the 
penetration (density) of telephones among 
households at various income or expenditure 
levels can be studied. 

If the data base is suitably large the 
investigations can be specialized to study the 
penetration in urban, rural or regional areas, or 
by professional category of the household 
(referring to the head of the household), 
educational level, etc. Such detailed 
investigations have been made in a number of 
countries. As an example, some particular 
results of the study made from the sample survey 
of Thailand in 1975/76 is used to illustrate the 
methodology. [3] 

3. FUTURE POSSIBILITY OF STUDYING THE USAGE OF 
THE TELEPHONE 

The data available from present sample 
surveys will only allow us to analyse the 
possession of telephones, and not how much or for 
what purpose they are used. To do this we would 
need to merge telecommunication data with socio
economic sample survey da ta. This could be 
achieved if, in the questionnaires used for the 
interviews of the households, the telephone 
number is recorded (for such households 

possessing a telephone!). By obtaining 
statistical data from the telecommunication 
authorities that refer to such (surveyed) 
telephone users, details about user category, 
number of local, trunk and/or international calls 
made (per month or year), revenue collected for 
such calls, etc. could be investigated and 
related to households according to income 
(expenditure) groups, urban or rural users, 
professional categories, etc. Such information 
will considerably improve our understanding of 
the users habits and give guidance for future 
planning of the telephone services. It will also 
allow us to investigate the influence tariff 
charges have on both the possession of telephones 
and the use of this service. 

The author has, so far, obtained an 
understanding on the importance of such data from 
the statistical departments of three countries in 
which new sample surveys are under way, which 
will, when completed, allow this detailed 
analysis of the use of telephone to be made. 

4. THE MATHEMATICAL MODEL 

The model describes how to calculate the 
demand for . the studied services, e.g. telephone, 
television and radio. The most important 
relationships are : 

the income (or expenditure) frequency 
function of the households; 

the density function of the service 
considered, related to income/household 
(or expenditure/household). 

These relationships can be analysed for various 
strata of the survey, urban, rural, various 
regions/districts of the country, ethnic groups 
of the population. For any of these groups the 
investigations can be further detailed by 
investigating how the income frequency functions 
and density functions for various professional 
categories (of the head of the HH), educational 
level, age etc. are related. 

The characteristic functions for these 
relationships are illustrated by Figure 3 below 

Figure 3 

FIGURE 3 

Household expenditure distribution 
and density of services 

Income/Expenditure functions 

Data to analyse for such functions are 
generally directly available from the published 
sample survey reports, or on request from the 
Government's statistical department. 
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The income/expenditure data are presented 
according to selected income/expenditure groups. 
By using the accumulated distribution of the 
percentage distribution data, the mathermatical 
treatment can be clearly defined at the upper 
limit of the income/expenditure groups. 

The following formula for the accumulated 
distribution F(x) [4] has proved to represent the 
actual data in almost all cases studied at a 
regression correlation coefficient R 99 %. 

F(x) 
100 

B 

Cl + exp(A)*x ) 

x is the income (expenditure) per 
month and per household 

(Note that B is always 
negative!) 

The actual income (expenditure) frequency 
function is then obtained by taking the first 
derivation of the above formula, i.e. dF/dx. 

F'(x) 

B-1 
-100*B*exp(A)*x 

B 2 
Cl + exp(A)*x ) 

A density function of a mathematical 
expression that is similar to the above-mentioned 
accumulated distribution function has shown good 
correlation with actual data. We call this 
density function D(x) : 

D(x) = 
(Serv) 

100 

B 
Cl + exp(A)*x ) 

where D(x) is the density in % of house
holds at the income 
(expenditure) level "x" 
possessing the service (Serv) 
indicated, and 

x is the income (expenditure) 
per month and per household. 

The constants A and B are determined from a 
regression analysis as for the accumulated 
household's income (expenditure) functions. 

Knowing the frequency function of the income 
(expenditure) per household and the density 
function of the service under consideration, the 
demand of the service can be calculated. 

The mathematical formula for calculating 
this demand, called U, is : 

u ,;., S F' (x)*D(x) dx 

o 

where U is the percentage average 
demand, at the studied year~ 
and for the household group, 
region, etc. concerned; 

F'(x) is the income (expenditure) 
frequency function; 

D(x) is the density function for the 
service considered. 

When the sample sizes of a survey are 
sufficiently large, more detailed investigations 
can be made. For a particular r egion, urban or 
rural area, etc. the income and density functions 
can be evaluated for each professional category 
group. 

The mathematical expression to be used will 
be more detailed than for the above U function. 

00 

U(i)= 1 

100 2:f v(i)*D(i,x)*F'(i,x)*dx 
(q) (q) (q) 

where, (i) 

(q) 

v(i) 

~ v(i) 
L- (q) 

q 

q 
o 

Regional, Rural, Urban, 
Metropolis, etc. 
Professional category, 
Educational level, etc. 
Proportion of Category (q) 
in the area (i) 

1, for each (i) 

By using data from several sample surveys 
the time dependence of the factors "A" and "B" in 
the formulae can be analyzed, providing a 
possibility for forecasting the trends of the 
functions, particularly as the trend on the F(x), 
and consequently the F'(x), are important to 
determinate. 

With the procedure explained it is possible 
to evaluate potential demand of various surveyed 
strata. The potential demand of telephone 
services in the rural areas is particularly 
revealed to be large, and it is also possible to 
learn from the analysis how different groups of 
households (based on professional category, 
educational level, age etc. of the head of the 
household) ~re interested in having a telephone. 
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5. EXAMPLES FROM ANALYSIS OF THAILAND DATA 
(1975/76) [5] 

The socio-economic survey undertaken in 
Thailand in 1975/76 was studied in detail. As 
the particular data about the telephone, TV and 
radio services, we are interested in analyzing 
are not available from the published data, it was 
necessary to rerun the data tape according t o 
programmed instructions. 

The sample survey covered 11514 households 
throughout the Kingdom, which, since the total 
number of households is 7903000, represents 0.115 
%. The samples are subdivided by regions and 
Bangkok Metropolitan area. The samples are 
further stratified into three community types, 
i.e. municipal areas (MA), sanitary districts 
(SD) and villages (V). In the analysis we have 
usually taken the SD and V together since they 
represent the so-called rural areas of Thailand. 

After investigating which sample areas 
(villages, etc) were not within r each of TV 
and/or telephone services, the resulting data 
bases for the various services were determined. 

The analysis was made for all regions and 
for MA and SD+V for all services. In addition, 
further detailed studies were mad e for particular 
groups of households (HH) distinguishing between 
them according to, professional category, 
educational level, age, referring to the head of 
the household. 

Many other criteria can be tried, according 
to the available data records of the sample 
survey in question. Of the above the 
"professional category" seems to be the mor e 
useful. 

HH Distribution according to Expenditure 

The expenditure distribution in 1975/76 in 
Thailand for Bangkok and the Provinces (all 
regions outside Bangkok Metropolis area) are 
shown in the figure below, Figure 4. 
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This figure shows the typical situation that 
in the urban areas the expenditure (and the 
income) is higher than in the rural areas. The 
form of the distribution curves also shows the 
typical changing form resulting from increasing 
income (or inflation) as a function of time. In 
our particular example we notice that the 
expenditure function for the urban areas in the 
provinces is almost identical to the situation in 
the Bangkok suburbs and fringe areas. 

Penetration of Services in Thailand (as per 
1975/76) 

The density functions give the penetration 
situation. These functions have been calculated 
from the data, and Figure 5 below shows the data 
for Municipal Areas (MA). Separate curves for 
Bangkok (City Core) and the Provinces (together) 
are given. Similar calculations have also been 
made for the Sanitary Districts and Villages 
(SD+V). In the latter case we found the curves 
for TV and Telephone at a lower level. 
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The fact that the users in urban and rural 
areas are composed of different user professional 
categories, who have different density functions, 
explains the differences in the overall density 
functions for "Bangkok" and "Provinces" in 
Figure 5. 

Table 1 below illustrates the composition of 
professional categories amongst the sample 
households for the Bangkok area and the Northern 
Region. The expenditure situation for the 
various professional/categories in the Northern 
Region is illustrated in Figure 6. 
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Knowing the expenditure distribution 
functions and the corresponding service density 
functions the actual demand, i.e. the number of 
users which would have afforded the services at 
the actual (1975/76) tariff charges and if the 
networks covered the whole kingdom, can be 
estimated. 

The overall estimate of potential users 
(residential) for Thailand in 1975/76 were 
calculated to be about three times those actually 
provided, as detailed in Table 2 below. 

Table 2 

Area Existing 
DEL 

Bangkok 101800 
Provinces 11636 

Total : 113436 

6. TARIFF POLICIES VS DEMAND 

Est. Demand 
DEL 

150000 
200000 

350000 

It is not intended in this paper to develop 
a tariff model. The material so far obtained is 
insufficient. It is expected that the continued 
research on these matters will give data on the 
influence tariffs have on user categories at 
various income (expenditure) levels, etc. 

However, it seems obvious that in order to 
be able to satisfy the socio-economic demand for 
telephone services a fundamental change in the 
present tariff structures in many of the 
developing countries must occur. The most 
obvious change will have to come in the access 
charges, which in most developing low telephone 
density countries are so high that they virtually 
block all middle and low income households from 
having a telephone. 

The other tariff components, the rental 
charges and the unit call (meter-pulse) charges 
must be studied carefully and adapted to the aims 
of the countries, safeguarding a justified return 
of investments. 

The unit charges, and particularly the STD 
charging plan for a country, must be reviewed. 
It is often seen that due to high STD charges the 
revenue from subscribers in the various regions 
of a country is considerably higher than the 
average revenue in the capital. A balance will 
have to be found so that telephone users in the 
distant regions are not "penalized" by excessive 
STD rates. 

The ultimate goal of a public service must 
be that its use should be equally charged 
wherever it is used in the country. 

Like the charges for a kWh electricity 
consumption or postal charges per mail are 
usually unique in the country, the charges per 
time unit of using the telephone services ought 
to be uniform throughout the country. This would 
eliminate the distance factor making the cost 
only dependent on the time used. 

With . the cost effective digital transmission 
systems now emerging the marginal costs for 
circuits on the main arteries becomes very low, 
which will pave the way ·for such fundamental 
changes on the "traditional" charges. It will 
help in linking people closer together, a 
possibility now within reach. 

7. 
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