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Abstract. This paper proposes a novel forecasting 
method which is applicable for new services, where 
little historical data has been recorded. The method 
uses instead estimators based on economical, demo- 
graphic and traffic data. The method is, compared to 
traditional forecasting procedures that are built upon a 
solid historical record of data, clearly found to be 
weaker numerically. However, for novel services it 
obviously has the advantage that it provides a result, 
where the traditional method would fail because the 
data record is too weak. Furthermore, our method has 
the advantage that as soon as further data becomes 
available, it can be refined to provide even better 
results. 

1. INTRODUCTION. 

Demand forecasting in the sense discussed here is a 
base for medium to long term planning of telecom- 
munications network evolution. In principle this fore- 
casting of demand is a product of 3 elements, the 
number of subscribers, the volume and the distribution 
of traffic generated by subscribers. The forecasting 
discussed here is macro-oriented and thus a different 
approach compared to the short term, price elasticity- 
oriented approach. The latter is the mainstream tradi- 
tion in telecommunications demand modelling outlined 
in [l] and [2]. 

2. TRADITIONAL FORECASTING. 

In general three kinds of modelling are used 

* Time series models. These models are 
designed to describe the movement of a 
variable over time. They are generally useful 
to forecast developments in subscribers and 
traffic in a well known and well defined envi- 
ronment based on reliable statistics on past 
and present developments. They are con- 
sidered in further detail in sect. 3.1 below. 

* Econometric models. These models are built 
on a (usually large) number of mathematical 
equations relating endogenous variables to a 
number of exogenous variables. They are 
generally useful in forecasting developments 
in subscribers and traffic in a more dynamic 
environment, but based on known consump- 
tion patterns and price structures. This type 
of models will not be considered further in 
this paper. 

* Qualitative models. In these models relations 
among different variables and development 
assumptions are described in qualitative ter- 
ms. In principle these models are useful to 
describe new developments where known 
trends in decisive factors are expected to be 
discontinued , where established quantitative 
relations are considered invalid or no reliable 
data exists. These models are discussed in 
sect. 4 below. 

In the field of demand forecasting the first group of 
models is well established theoretically and methodo- 
logically and described in e.g. [3]. Theory and method 
for the second group is also established in this field, 
but mainly in a very limited area: regression analysis 
with one or two explanatory variables also described in 
[3]. The third group of models is for a number of rea- 
sons less well established. 
These stages of development in the different ca- 
tegories of models can be seen as a consequence of 
that telecommunications basically has been character- 
ized by a very long period with a stable supply of 
services and of technology. This has led to the use of 
conventional short term models even for long term 
telecommunications investment decisions based on 
the assumption of stable trends and relations. The 
background for the use of these models is the 
stronger formal quantitative prediction power in the 
short term models. The specific prediction in 
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econometric models often is weaker and the quantitat- 
ive predictions in qualitative models in themselves eo 
ipso very weak. 
As long as telecommunications was characterized by a 
stable environment with a standard product (Plain Old 
Telephony Service, POTS) it was adequate to use the 
'short term"-models for demand analyses. Traditionally 
the analyses are based on three types of data: 

- Data from the network operators: Network 
data (load of traffic, number of connections) 
and tariffs. 
National account data: Gross domestic pro- 
duction (specified on relevant subcategories) 
Demographic data: Number of inhabitants 

- 
- 

In addition to this some administrations also use other 
data as for instance planning data from municipal 
authorities to the extent such data can be made avail- 
able. 

3. THE MODELS CHALLENGED 

From the 1970s onwards the models were challenged 
by the planned and realized introduction of new ser- 
vices. For these future activities a historical record of 
network data was lacking. The responses to this prob- 
lem followed two directions. One was to refine the 
mathematical-statistical methods used. The other was 
to use the supply plans from the network operators/ 
service providers as a substitute for network data. 

3.1. REFINEMENT OF MODELS 

What is now traditional forecasting methods like auto- 
regressive methods, moving averages in different 
versions including ARIMA (autoregressive integrated 
moving average also known as Box-Jenkins method) 
[3], Kalman filtering (described in detail in [4], (51 and 
of course IS]) and Kruithofs method (see e. g. 171 18)) 
have been used widely for telephony applications. All 
have the property that they are based on a record pf 
historical data, which is used as a basis to predict 
what the data is going to be in the future. Some 
methods need a lot of such data (like ARIMA, which 
needs about 60 points or more) while others (like 
Kalman filtering) can do with less (down to 5 points). 
Kruithofs method is based on a complete traffic matrix, 
but it can survive with less because it also keeps track 
of row and column sums and the grand total sum of 
the traffic elements. In case some data in the matrix is 
missing, the sums are used to make an estimate of 
the missing values, but still the individual elements 
are forecasted using one of the traditional methods. 
[9] provides another method that can be used in case 
of missing data and other methods have also been 

proposed to solve that problem. The inherent uncer- 
tainty in any forecasting method is taken into account 
in a method described in [IO], but still this does not 
help for the case we are trying to address, because 
for broadband (BB) services no historical records exist 
as of today. 
So we have looked at methods for introduction of new 
technologies as in [I I]. Their method can be applied 
in case the new technology has just taken off, so that 
a minimum amount of data is indeed available and 
furthermore the new technology has to replace an 
existing one in the long term. But the BB services 
have not taken off at all yet (at least there is not any 
statistical material available) and furthermore it is 
doubtful whether BB will replace the existing services. 
We see the BB services as supplementing the existing 
ones rather than competing to them. 
What we have done to overcome all these problems is 
to consider data from other sources than teletraffic 
measurements. The result covering some newly intro- 
duced services is shown in annex table 1. 
Such an approach has been tried to propose various 
traffic models (e. g. [12]), but the main objective was 
not forecasting in that paper. 

3.2. SUBSTITUTING PLANS FOR DATA 

In obvious analogy to the POTS-market the assump- 
tion behind the solution to substitute supply plans for 
network data has been that the target group would 
want and use the services - the only problem being 
the right price. This assumption has led to grave mis- 
calculations with the forecastings of the videotex-mar- 
ket as prominent examples, described in (131. The 
weakness in the analogy is that the new services are 
not standard products like POTS. 
The new services are not mainly bearer services - they 
have an important element of content, which is decis- 
ive to their diffusion and application as illustrated by 
the developments in annex table 1. The application of 
the services take off by substituting other forms of 
communication - e.g. the fax is substituting letters and 
to a certain extent voice telephony - and later comple- 
menting the existing communications pattern by creat- 
ing new aspects of communication. It can be argued 
that in the long run development will be shaped by 
supply: technical possibilities, prices etc. - but these 
elements again are influenced by demand. In the 
short/ medium term perspective it is necessary to 
consider the interaction between supply and demand 
conditioned by the existing communication pattern 
and need. 
The importance of this interaction is enhanced by the 
new liberal environment in the telecommunications 
markets. The new forms of regulation and newly emer- 
ging services create a situation of rupture where the 
existing patterns and trends cannot reasonably be 
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prolonged as basis for forecasting. 
Hence, adequate empirical input data for the quantita- 
tive models is consequently likely to be lacking. 

b CLASSES 

BB-CP:s Of - Main Unes I+ 
Per CP 

ECONOMIC 
SECTORS 

PENETRATIONS 
of BB-Cp:s Classes 

I 

Sodo-Economic Potential new 
Classes and 
Penetrations 

Present 
CP:s 

Employees 
(Users) 
PerCP \ 

Terminals 
Per CP 

Legends: 
I,, I,, I,, I, : Inference Rules 

CP : Customer Premises 
BB : Broad Band 

I \ x u  CLASSES 
of potential Am BB-CP:s L 

PENETRATIONS 
of BB-CPs Classes 

J L 

1 

CLASSES of potential PENETRATIONS 
BB-CPs of BB-CPs Classes 

I I I I 

Figur 1. FORECASTING THE DEMAND FOR BROADBAND COMMUNICATION. 

I- Reference Classes of Potential 
BB-CP:s and their Penetration 

4. QUALITATIVE CONSIDERATIONS. 

To overcome these difficulties, we suggest a combina- 
tion of quantitative and qualitative models. The missing 
data on the network is to be substituted with : 

1) Qualitative assessments of the communication 
needs to be fulfilled, and factors constraining the diffu- 
sion of the services 
2) More detailed economic and demographic data 

This approach is difficult to integrate with traditional 
demand models founded on statistical analyses and 
will give weaker quantitative results. It can however be 
a useful tool in a phase, where the turbulent develop- 
ment makes the use of traditional analyses impossible 
to apply. 

The assumption that the new services have an import 

ant element of content has two implications for the 
forecasting of demand. First, it is likely that for some 
services - and probably the ones with the biggest 
growing potential - the demand will arise from new 
communication needs. These needs and their techni- 
cal solutions are still rather uncertain but have to influ- 
ence the adequate choice of network architecture. 
Second, the traditional chain of production: supplier 
industry- operator - user, develops into a far more 
complicated structure.This is partly a result of the 
technological development and partly a result of the 
new regulatory regime. The chain of production 
becomes in a certain sense longer, roughly like: supp- 
lier industry - bearer service - value added network 
services (VANS) - information services - user. The 
chain is (also in the traditional model) complicated by 
a number of 'sub chains' supplying hardware, soft- 
ware and system services. Along with the more com- 
plicated structure, there is a shift in the dominating 
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element in the chain: the information service supplier 
tends to be the dominating element structuring the 
whole chain as he is channelling the content into the 
services. Both developments are likely to enforce the 
role of communication needs in the diffusion of new 
services. This again is likely to imply a growing differ- 
entiation in the demand from different economic sec- 
tors. 
We do not know the character and pattern of the new 
communication needs, but we know the emerging user 
applications. If we can estimate the use of upcoming 
applications and the trend in communication demand 
by sectors we suggest that a forecast for the demand 
for new services can be made. 

4.1. INFERENCE RULES 
The arguments on qualitative forecasting can be sum- 
marized as in the model depicted in fig.1, structuring a 
demand model for broad band communication. The 
idea expressed here is to estimate demand by analy- 
zing whether certain sectors will be the only relevant 
users of a given application or it will be a type of uni- 
versal service. The result is the determination of an in- 
ference rule or a set of rules indicating a relation 
between economic and demographic variables: num- 
ber of employees per plant in the sector, number of 
terminals, number of main lines etc. The total demand 
can be established after as many recursive analyses of 
this kind as it is found to be relevant. 
One way of approaching the formulation of inference 
rules is to map the existing sectoral demand. 

4.2 MAPPING OF SECTORAL DEMAND 

As an example in mapping existing sectoral demand 
we have analyzed the situation in the concession area 
of KTAS - one of the regional telco’s in Denmark. Like 
most network operators KTAS provide statistical data 
on the number of access lines for residential and 
business customers. But in order to provide further 
empirical evidence on the demography of the cus- 
tomers, it has been necessary to combine network 
data with economic and demographic data. This ~ 

approach has so far been particularly successful with 
regard to an analysis of the sectoral distribution of the 
telecommunications demand. Data on the number of 
access lines and the traffic demand in 41 regions 
within the KTAS concession area have been combined 
with data on residential population and employment in 
various business sectors, in a multiple regression 
analysis. 
In this way it has been possible to estimate the 
demand coming from residentials and business both 
with regard to traffic and the number of access lines 
(table 1). 

The figures in tab.1. show that whereas residential 
customers account for app. 2/3 of the connections, the 
relation is reversed with respect to volume of traffic. 
Other analyses have shown that about one third of the 
traffic originates from a few per cent of the business 
customers. 
demand from business and residential customers must 
be modelled differently, we will in the following con- 
centrate on presenting a framework for modelling the 
demand from business customers. 
Due to covariance between the employment in most of 
the sectors, it has so far in this way not been possible 
to distinguish the impact from different economic sec- 
tors. However, it has become clear that the most sig- 
nificant impact is to be found in the service sector. 
In line with the argument concerning selected cus- 
tomer groups presented above we want to specify the 
demand on sectors. In order to reach this we have 
made calculations on the Danish input-output tables. 
These tables provide information on the demand for 
goods from one industry to another. The demand for 
communication from different economic sectors is 
given below (Table 2.). 
The consumption of communication includes both the 
demand for tele- and postal services. However, tele- 
communications constitutes the major share of the 
expenses (app. 2/3). A separation of tele- and postal 
services is not possible in the currently available statis- 
tics. Besides, new telecommunication services are 
expected not only to substitute some of the existing 
teleservices, but also some of the existing postal ser- 
vices. Hence, we think that the demand for communi- 
cations altogether is a measure just as relevant as the 
demand for telecommunications alone, in the analysis 
of the demand for new services. 

From this reason and because the 
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TABLE 1. ACTUAL DEMAND IN TERMS OF TRAFFIC AND CONNECTIONS 

Business 

Residential 

II I Connections I Traffic II 
32% 68% 

68% 32% 

SECTOR 

Agriculture 

Mining 

Manufacturing 

EI.,Gas&Water 

Construction 

Market Serv. 

TABLE 2. CONSUMPTION OF COMMUNICATION IN ECONOMIC SECTORS. 

Total Prod. Comm. cons. Comm. cons. 
(Bill. DKK) (Mill. DKK) % of total 

60.800 163.2 1.3 

9.100 26.6 0.2 

31 8.500 1795.3 13.2 

19.300 142.2 1 .o 
76.500 445.9 3.3 

372.900 3823.7 28.1 

Non Mark Serv 

- 
Private Cons 

172.600 2573.6 18.9 

337.200 4623.7 34 

Note: Figures from the Danish Input-Output tables 1985. 

The residential share of the traffic in the network was 
above estimated to be 32%. This compares with a 
share of 34% of the total expenses for communication. 
For the business sectors we cannot make the same 
comparison because of the covariance problem. In our 
opinion, it will be reasonable to assume that the sector 
shares in the total demand for teletraffic will be within 
the same range as the shares in the communication 
expenses shown in the table. This indicates that the 
service sector is the most significant in this respect 
accounting in total for more than half of the communi- 
cation consumption. This seems to be confirmed by 
the traffic analysis. 
In the short run the demand for new telecommunica- 
tions services will almost completely be determined by 
their ability to substitute existing communication ser- 
vices mainly fulfilling existing communication needs. 
This is expressed in the idea of the reversed product 

cycle discussed especially by R.Barras as a character- 
istic of the information technology (see e.g.) [14]. This 
implies that in the short run the heavy users of the 
existing communication services will also dominate the 
demand for new services, that is the service sector 
and especially the financial sector. In this respect the 
new services will mainly be a more efficient way to 
provide existing communication services. These are 
already known by the market and some kind of limited 
demand analysis based on empirical data can be 
made. 
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5. CONCLUSION. 

Above we have argued that the conventional, 
macroeconomic demand analysis are incapable of 
adequately modelling the demand for new and emerg- 
ing telecommunications services. 
The analysis in this paper emphasises a need for 
including data and qualitative considerations external 
to the telecommunications sector. Although such 
models tend to be more primitive in a formal, math- 
ematical sense, we believe them to be useful in this 
stage of the development. 

ANNEX. 

In table A1 we show the results of forecasting different 
services. The data below the line are forecasted using 
Statgraphics [15]. For the mobile service the figure for 
1990 was not available, so the last forecast is for 1994 
in this case. 
For the forecasting procedure, a number of methods 
were tried and the one giving the smallest mean 
square error in the forecasting values was chosen in 
each case (this turned out to be a trend analysis with 
quadratic fitting of the last element in most cases). 
The POTS and mobile results are based on solid his- 
torical records and the telefax results might be 
adequate whereas the EFTPoS (Electronic Funds 
Transfer at the Point of Sale) and especially the video- 
tex figures are unlikely. For EFTpoS no algorithms 
worked with only 3 data items as input, so a 0 for 
1987 had to be added in order to yield results, so the 
forecasted data cannot be considered reliable. The 
videotex development is based on " a special" policy 
unlikely to give similar results in the future. 
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TABLE A 1. PROGNOSIS FOR POTS, VIDEOTEX, MOBILE, TELEFAX AND EFTPOS IN DENMARK. 
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