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ABSTRACT

The purpose of this thesis is to examine several fore-
casting models for predicting demand for telecommunications
services. The research addresses the determinants of demand
under different conditions and examines the decision makers
choice in choosing one particular method as opposed to
another. After reviewing and critiquing the models, the
author proposes a number of considerations in constructing a
model for use in assessing the demand for telecommunications

services by the United States Navy.
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I. INTRODUCTION

A. BACIGROUND

A growing concern in the United States Navy regards the
congestion of its communications links by message traffic.
Currently, the decision to put a message into the system is
made by the commanding officer of a unit or his legal
designee. Although many messages genuinely need to be
passed electronically through the system, many could be sent
in the mail. There are several ideas being considered for
alleviating the problem of congestion.

One method presently being employed at the management
level is MINIMIZE. The success of this control mechanism is
debatable. While many see it as effective way to tempo-
rarily head off congestion, others view it as a dam that
temporarily holds up the flow of message traffic that
finally results in a significantly greater flow at the point
that MINIMIZE is lifted. Other controls are being studied.

One idea that has been given a great deal of high level
consideration is a message screening board that would be
responsible for reviewing messages to determine which of
those must of necessity be passed over the system and which
may be transmitted wvia alternative means such as the U. S.
Postal system.

Regardless of the vantage point, the congestion problem
could grow into a serious one, particularly if a crisis -
situation arises. A matter that concerns telecommunications
managers is being able to ensure that the system will not be
seriously degraded by the simultaneous release of a myriad
of messages. Being able to forecast the demand for telecom-
munications services by the United States Navy is one way to

evaluate risks and perhaps avert catastrophe.

10
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This thesis looks at forecasting the demand for telecom-

munications from the standpoint of the private sector of the
communications industry and attempts to adapt the existing
forecasting models to use by the Navy. Just as private
industry in interested in efficient use of its resources to
increase its profits, the Navy is interested in minimizing
the cost of transmitting message traffic without seriously
degrading its ability to carry out its mission. This
requires that a system be devised that will optimize
capacity without tremendous overhead. That is, a system
which will be functional in a crisis without carrying
excessive overhead during 1lulls in the flow of traffic.
Such a system requires a clear understanding of mission
requirements and how they are translated into determinants
of demand for telecommunications services. A clear view of
future mission requirements must also be transformed into
determinants of demand.

The telecommunications industry has been, and still is,
dominated by the American Telephone and Telegraph system
(formerly Bell Telephone). Many of the models for fore-
casting demand for telecommunications services have, quite
naturally, been developed by the telephone industry, prima-
rily to ehsure that there is no loss of revenue as a result
of underpredicting demand or that there is little profit
drained as a result of higher operating costs associated

with inefficient use of equipment and other resources.

B. OBJECTIVES

The purpose of this thesis is to thoroughly examine a
number of forecasting models that have been employed and are
currently being used by private sector forecasters in
predicting demand for telecommunications services by the
general public. The analysis is intended to be a comprehen-
sive look at what the communications industry is doing to

ensure that the supply of telecommunications services is as
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o nearly equivalent to the demand for those services as is :
possible, using state-of-the-art technology as well as tried

“ and tested expert opinion. Once the forecasting models are K

Ny evaluated, the next step is to look at the requirements ' K

imposed upon the Navy's communications system in order to )

determine whether or not it is capable of supporting the .

demand for service levied by the system's users.

While this research covers some basic approaches to

Ty W W

understanding general demand forecasting techniques, this By

o de sk o
aal s L&

information is not covered in great detail and is not

intended to provide the reader with a review of basic

D

economics. It is merely intended to serve as a launching "]

- pad for outlining demand theory as it relates to telecommu- F
nications service. While this thesis introduces a variety
of approaches to forecasting demand for communications
services, it does not cover all of the specifics for

constructing each type of model.

AT

C. ORGANIZATION _

This thesis is organized into chapters, each of which '
i states a purpose and answers relevant questiohs. Chapter II ¢
- lays the groundwork for the rest of the study by providing a

general overview of forecasting models and potential uses by

s
)

managers and planners in predicting demand. Additionally, y

.

there is a general explanation of the demand function and

»
v v

- its relationship to forecasting systems, with a segment that

N7

covers, in a general fashion, the concept of externalities
and its place in demand forecasting.

Chapter III provides a detailed and comprehensive
: discussion of forecasting models employed specifically for

the purpose of predicting demand for telecommunications or

-~

- related services. Each system is analyzed in terms of its

) specific uses, its accuracy, ease or difficulty of applica- N
e
| tion and its particular strengths and weaknesses with S
respect to the forecasting problem.
: o
A “
.
Y
1 12 >
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Chapter IV examines the Navy's telecommunications

-

requirements and looks at the determinants of Navy demand
for telecommunications services. Using those determinants
as a basis for selecting a model, the chapter discusses a
) variety of scenarios for the reader's consideration and

SRR 7 A

offers criteria to be considered in selecting an appropriate
model for meeting the needs of the Navy. .

. Chapter V provides a summary of the forecasting problem, §
s the demand question and forecasting models available. %
b 7
Finally, the thesis is concluded with recommendations for >
: consideration by Navy telecommunications managers and users. .:
. A
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I1. FORECASTING SYSTEMS AND THE FORECASTING PROBLEM

When considering a forecasting model for predicting the
demand for a good or service, there are several key issues
that are vital in the selection process. It is essential
that the forecasting problem be <clearly wunderstood.
Answering the following questions may bring the forecasting
closer to selecting the right model:

(1) What i. being predicted?

(2) How far into the future is the predicted to be?

(3) How much relevant historical data is available?

(4) What is the level of accuracy required?

(5) What is the method used for determining accuracy?
Although answering the above 1list of questions may help
clarify the type of model needed, it is important to note
that the one characteristic that should be uppermost in the
mind of the forecast user is that FORECASTS ARE USUALLY
WRONG. It is up to the user to determine the degree of
accuracy that is acceptable and to know that starting with
good information will only reduce the risk involved in

making a forecast-based decision.

A. BACKGROUND

This study was designed to examine forecasting models
used in predicting future demand for telecommunications
services. In order to embark on such a venture, it is
crucial to consider the demand question. This segment
provides an abridged view of the theory of demand.

1. Demand Theory and Telecommunications Services

Economists generally agree that the law of demand,
the quantity (Q,) of a good or service that consumers are
willing to buy during a given period, hinges upon the
following factors:

(1) The price of the good or service (Py)

14
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(2) %ge)price of substitutes/related goods or services
y

(3) The consumer's income (M)

- (4) The expecte% price of the good or service in the
future (P.,r

(5) The consumer's taste/preference (T)
[Ref. 1: p. 16]. These factors are called the determinants
of demand. [Ref. 1l: p.22]. What this means in terms of
telecommunications service is that consumer's demand will be

e

affected by the cost of gaining access to a communications
network, the rental fee required for continuing service, the
cost of alternative forms of communicating (such as mail,

telegrams and now other long distance companies), the amount

of a consumer's personal (or corporate) income and other
items that must be purchased. The consumer's taste, that
is, the preference for special service beyond a basic
package, may in some cases be related to income.

The providers of telecommunications service must
consider the consumers' utility functions when setting the
prices of gaining access and the rental fee. According to
the law of demand, the quantity of a good censumed will be
affected by the price. 1In general, if the price increases
for a normal good or service, the consumption will go down.
It is important to note that the access fee is a one-time
fee and is only considered in the demand function if the
consumer opts to pay the fee. This may be denoted in a
mathmatical equation as a zero or a one, 0 if access is not
desired and a 1 if it is. Another important note, even if
the access fee is reasonable, or even minimal, the consumer
will be less inclined to want to be a part of the network if
the rental fee is too high.

Another determinant of demand for telecommunications
service by the consumer is the cost of substitutes or
related goods or services. Prior to the divestiture of
AT&T, when telecommunications was synonymous with Bell

15
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Telephone, competition was not an issue. The main

alternative service then, was the U. S. Postal Service and -
N still is today. However, since that landmark U.S. Supreme '
R Court decision in 1982, the competition among new companies
:d entering the market has given consumers additional choices,
: at least for long distance telephone services. With these . -
B new companies, as with the postal offices and telegraph

0 companies, the individual consumer must evaluate the

. v s -

jj substitutes in order to rank the choices and determine
v whether a good or service is either inferior, superior, or
r indifferent. Some consumers feel that added personal
services available through the larger carriers are worth the

R LA,

additional costs. An individual's income level may affect

X ]
ATy I P

his or her choice of long distance carriers.

As far as the expected future price of a good or
service goes, it is not likely that waiting for a reduction
in the cost of renting a service would be a significant

HNORA SR

factor, however, it is conceivable that the access fee would
periodically be 1lowered during a promotional campaign. .
Therefore, it is 1likely that some consumers may postpone :
joining a communications network if they had reason to
A believe, factual or rumored, that the cost of access would
be decreasing at some future point. Conversely, informa- 5

¢

.

~ &

tion suggesting a price increase in the future may cause an

increase in current demand for a communications service.

fata

2. Elasticity and Demand

Price elasticity represents a measure of the respon- .
sivess of demand to changes in the quantity of a good or .
service consumed as a result of changes in the price of the
i) commodity. It total revenue decreases (increases) as a
result of an increase (decrease) in price, then demand is
said to be elastic. If, on the other hand, price rises
& (falls) and total revenue rises (falls), then, the demand is
W, inelastic. A state of unitary elasticity exists if changes

[l I Sy T N
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in price has no impact on total revenue. Using E to repre-
sent elasticity, the following equations may be introduced:

-(5 Q/Q)/(5 P/P) = (5 Q/ 8 P) x (P/Q) (eqn 2.1)

The following results are obtained:
If E > 1, then, demand is elastic

If E < 1, then demand is inelastic

If E 1, then unitary elasticity exists

The above represents the concept of own-price elasticity.
Other elasticity measures of interest to economists are
cross price and income elasticity. These measures will be
frequently referred to in this study. Understanding the
impact of these factors may reduce the risk in decision
making if the manager is observant of these and other indi-
cator and their interdependent relationships to demand for
the product of interest.
3. Cross Price Elasticity of Demand

Cross Price elasticity of a product X with respect
to product Y (Exy) gives gives a measure of the percentage
change in the quantity of X consumed over a period of time
as a result of a percentage change in the price of product Y
(5 Py/Py). Equation 2.2 mathematically explains the
concept. [Ref. 2: p. 40]

From equation 2.2, it can be shown that

1f Exy > 0, then X and Y are substitutes

y

1f Exy < 0, then X and Y are complementary and

1f Exy = 0, then X and Y are independent
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4. Income Elasticity of Demand

The coefficient of income elasticity (E;) measures
the percentage change in the quantity of a good that would
be purchased over a given period of time which would result
from a given percentage change in a consumer's 1level of
income. Equation 2.3 illustrates that mathmatical
relationship:

Ey (5 Q/Q)/ (5 M/M) = (5 Q/M) x (M/Q) (eqn 2.3)

. E, > 0 implies that the good is a normal good, while

Ey, < 0 implies that the good is an inferior good.

5. Empirical Demand Functions

< Empirical demand functions are the concern of

y managers interested in estimating the demand for a good or a

service. Another concern is that of interpreting the
’ results of the estimation. There are two primary methods
for estimating demand; they are direct and regression anal-
: ysis. The direct method involves the use of surveys, inter-
- views, experiments or market studies. [Ref. 3: p. 243]

Regression analysis involves the historical inspection of
data points accumulated over a period of time.
- a. Direct Method for Estimating the Demand Function
One way for a business entity to determine its
potential for capturing a share of the market for a partic-
. ular good or service is to allow every potential consumer to
N test its wares and have those individuals provide a list of
the prices each would be willing to pay for a specific quan-
tity of the product. A summumation of the results would
provide the business managers with the exact demand for the
good. Of course, the idea that every individual on earth
could be contacted to provide his or her personal utility
for a particular product is an absurdity. First of all, the
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cost of the study alone would be prohibitive. Second, the
time it would take for the data to be compiled would prob-
ably render the results obsolete. Generally, a sample popu-
lation, preferably representative of the whole population,
is a survey for its demand for the product. However, there
are still problems using this approach.

One problem is finding a truely representative
sample. If a business manager is interested in increasing
his share of a particular market, many times the response
will not be reliable. For example, an automobile manufac-
turer may find that the demand for automobiles may be
disproportionately low if he conducts his survey in one area
where the economy may be depressed relative to the rest of
the country.

Another problem is that there is a tendency for
bias in the response. When questioned, many people will
respond in terms of their intentions or desires rather than
what they would actually do. [Ref. 3: p. 243] Finally,
people are often unable to answer the questions accurately.
Often they may not know how to interpret the -question or to
articulate their preferences or feelings.

b. Research Marketing

One of the most widely used techniques for esti-
mating consumer demand for a good is through price-only
adjusting. A marketing research group will place its
product in the market and adjust the prices in small incre-
ments and record the changes in the quantity sold as a
result raising and 1lowering the price. This technique
allows market analysts to determine own-price elasticity of
demand for its product and to make informed decisions
regarding how much will be produced, at what costs and the
ultimate price that consumers are most likely to pay, all
other things being equal.
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6. Forecasting Demand

Forecasting methods can be divided into two major
categories--qualitative and quantitative. Qualitative K
models are generally more difficult to depict because they )
are subjective. Conversely, quantitative models, while
easier to define mathematically, are not necessarily easier
to understand.

B. QUALITATIVE FORECASTING MODELS

The subjectivity of this category of models makes it -
more difficult to provide a clear unambiguous description of =
the concept. Much of qualitative forecasting is based upon g

intuitive evaluation of information available as well as by
surveying the opinions of other "experts'". While a great ¢
many of the qualitative judgments may be based upon the best

Y e Zud

information, the derisions that will be derived will ulti-

2 mately be considered subjective too. Within this group of

~

models are expert opinions, the delphi technique, and

)

opinion polling.
1. The Delphi Method
y Although this method dates back to 1948 with the

Rand Corporation, it became a very popular decision making

tool in the early 1960's. Still quite popular in the
. 1980's, it involves the use of expert opinion that is
systematically formulated and modified in order to arrive at
an optimal decision. The expert opinions are anonymously
submitted, usually on an elaborately drawn questionnaire
until a convergence of opinion is arrived at through an
iterative process. [Ref. 4: p. xi] The Delphi method is a

useful tool when the information needed has little lead time
and forecast preparation cost is a major concern. It is
relatively fast and inexpensive and is particularly useful
when a new organization is forming with a small data base.
s Experts with experience in similar fields are often able to

provide useful information that can not be summoned from a
o computer data base.

20




A major criticism of the technique is its defiance g
of scientific principles; in particular, the same process, ‘
when repeated, does not always yield the same results. -
[Ref. 4: p. 3] N

2. Marketing Research

This technique involves a formal, systematic process
for developing and evaluating hypotheses about actual
markets. Particularly useful for short-ranged forecasting,
this method is frequently employed for predicting future
sales for new products. A great deal of data needs to be
accumulated in order for this method to be most successful.

3. Historical Analogy

Historical analogy is a method based on comparative
analysis of similar products. This method is frequently
employed when 1little or no data is known about the
marketability of a new product to be introduced. Of all of
the qualitative methods discussed here, this approach is
viewed as a relatively poor barometer from a forecasting

perspective.

C. QUANTITATIVE TECHNIQUES
Quantitative, or statistical approaches as they are
sometimes - called, are more easily defined and measured as
. one might expect. This group of models is subdivided into
' two categories--time series and causal models. [Ref. 5: p.
263] A time series is a time-ordered sequence of observed
behavior of a wvariable. Generally, time series models
require the use of historical data on a variable for the -
purpose of projecting future behavior. Hence a mathmatical
model is needed to represent the process whereby predictions
for the future may be made.

Causal models are characterized by the use of explicit
structural models that attempt to define the underlying
economic relationships. At the heart of such models exist
the relationship between the interesting time series and one
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or more time series. The focal point of the model is a

correlation between the variable of interest and some other
variable. If a correlation can be determined, it 1is
possible to construct a statistical model that will mathe-
matically explain the relationship. One advantage to using
causal models is that the models require that a clear
explicit causal relationship be defined. Further, it allows
sensitivity analysis to be performed on the wvariables. And
finally, this approach can be easily adapted to simulations
models.

On the other hand, the greatest limitation to using
causal models is the stipulation that the independent vari-
able must be known at the time the forecast is made.
Another disadvantage in the use of econometric models is the
huge amount of data that must be processed in the estimation
process.

Most forecasts for demand use both qualitative and
quantitative parts in order to derive the most optimal
managerial decisions. Probably not enough emphasis can be
placed on the importance that human behavior plays in
forecasting demand. Organizations have a corporate
personality that varies from one company to another. Each
group has its own set of norms and mores that are unique and
an explanation or quantification can probably only be
attempted by the most experienced observers.

In the sections to follow, a more in depth discussion on
the major categories of forecasting models will be given.
That will be follow up in Chapter III by a detailed discus-
sion of models used in forecasting demand for telecommunica-
tions services.

D. TIME SERIES MODEL
A time series, as previously mentioned,is a time-ordered
sequence of observations of a variable. The observations

are generally equally spaced along a continuum. The
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analysis of time series data allows the analysts to make
predictions of future behavior by the variable based on the
the future will be 1like the past. An

important word of caution regarding the use of time series

assumption that
models may be helpful. The prediction horizon for time
series should
Studies have shown that the further away the prediction is
the less
degree of

forecast not be extremely long-ranged.

likely the chance of
the

from the historical data,

achieving an acceptable accuracy in
prediction.

Time series models may be represented by a number of

variations. Figure 2.1 illustrates the most commonly known
varieties. The symbol x, depicts an observation for a given
period t. Figure 2.1 (a) represents a constant level in the

behavior pattern. In figure 2.1 (b), a pattern illustrating

a linear trend is represented. Figure 2.1 (c) is represen-
tative of a linear trend that also demonstrates a cyclic
pattern. while
1. Trend Projection Models
This method fits a trend 1line to

equation which is then used to project future behavior of

a mathematical

the variable in question. Two most widely used are the

simple linear trend and the polynomial curve. In general,

this method is one of the most simple to implement and

requires very little lead time, provided that an adequate
data base is in existence.
a. Linear Trend

This model is a straight 1line forecast which
represents the behavior of a series of data points observed
The model is fitted to the data
This model is
that the
behavior of a variable will be linearly related to the

[Ref. 6: p.12]

over a period of time.
points using the system of least squares.
reasonable to assume

most useful when it is

passage of time.
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(a) Time Series with A Constant Pattern
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(c) Time Series with a Cyclic Pattern

Figure 2.1 Time Series Models.
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b. Polynomial Curve

The polynomial curve can be used when it appears
that the data points do not follow a straight line. Using a
second order polynomial will render a type of saturation
curve. This variation is appropriate when the forecaster
has reason to believe that the forecast will ultimately
reach a plateau. In a second order polynomial, time 1is
squared, while in a third order polynomial, time is cubed.
[Ref. 6: p. 12]

2. Moving Average

L a0 o

More flexible than either the linear or polynomial

models, the moving average is derived by taking the mean

Py Yy sy

over a given number of time periods. For example, if it is

deemed by the forecaster that only the last five periods are
significant, those five periods are averaged together and
used to project the following period. This model is most
beneficial when either a downward or an upward trend 1is
observed. The moving average is not considered to be a very
reliable or accurate predictor.

3. Exponential Smoothing -

Exponential smoothing models use past observations
to develop forecasts. And while similar to moving average
models, this form requires that different weights be
assigned to each observation. Generally, more weight is
given to recent data points and less to older data. With
the use of a smoothing constant, weights between 0 and 1 are
selected by the forecaster. There are several variations of
this technique ranging from simple to very complex. Many

computer programs are available that employ this type of

model. Results are quickly generated.
4. Holt-Winters

The Holt-Winters method is a more sophisticated

version of exponential smoothing. This method allows the

analyst to examine seasonal trend patterns in the data.
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[Ref. 7: p. 4] Preparation time for this model is relatively
short and this approach is useful if lead time is minimal.
Advantages include its relatively small data requirement,
its low cost and its ease of understanding. In terms of
accuracy, it is more reliable than conventional exponential
smoothing. [Ref. 7: p. 10]

5. Box-Jenkins

Another model closely related to the exponential
smoothing technique, Box-Jenkins takes time series data
mathematically fitted in such a manner that it assigns
smaller errors to history than other models. For short term
forecasting, these models are currently the most accurate
and reliable. One major disadvantage with the model is that
it requires tremendous skill of the forecaster in selecting
the best model from the several models available. Another
drawback 1is the expense associated with computer time.
Additionally, Box-Jenkins are considered to be among the
most difficult to understand conceptually. [Ref. 7: p. 9]
This class of models are also known as Autoregressive Moving
Average (ARMA) models. -

6. Decomposition

This technique is most useful in dealing with trend
seasonality and cyclical data. It allows the analyst to
"deseasonalize" the data. It is considered to be simple,
easy to use and the results are easy to interpret. For
short term forecasting, it is very accurate. A disadvantage
of the decomposition technique is that the required inter-
vention by the analyst renders much of the forecast arbi-
trary. [Ref. 7: p. 5]. The Census X.ll is a widely used
decomposition technique.

7. Bayesian Forecasting

This forecasting technique is based on the premise
that subjective forecasts can be translated into Bayesian

estimates of the parameters of the forecasting model.
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[Ref. 8: p. 241]. Using a technique called Kalman
filtering, the estimates are updated as additional data
becomes available. Bayesian forecasting makes it possible
for the analyst to specify a range of models for the data,
vice a single model, along with probabilities that are also
updated as the new information is introduced.

-

E. CAUSAL MODELS
As previously mentioned, causal models require that the

5;

analyst identify other variables that may be related to the
variable to be predicted. A model is then developed to
mathematically depict the relationship between the vari-
ables. This model is then used to predict the behavior of
the interesting variable. Several of the most well-known
causal models are described in this section.

1. Multiple Regression

This technique is used to formulate estimates for
the coefficients of the independent variable in a regression
equation. A regression equation describes the relationship
between the dependent and independent variables and is then
used to make predictions on the value of the dependent
variable.

2. Multivariate Box-Jenkins

A more sophisticated version of the Box-Jenkins,
this method attempts to relate independent variables to
dependent variables by the use of transfer functions.

[Ref. 9: p. 5] The data requirements in this model are great
. and a long lead time is needed. It is extremely complicated
i and one of the most difficult for managers to comprehend.
Another disadvantage with this model is the excessively high
cost. There is not enough evidence available to say that
the multivariate versions of Box-Jenkins models are any more

accurate than the single variable varieties.
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F. ECONOMETRIC MODELS

This category of models are also frequently referred to
as causal models because this approach to forecasting
o requires that explicit underlying relationships be
Yy explained. An advantage to having such a correlation speci-

fied is that it allows the analyst to discount spurious data
i points when evaluating results. Another advantage with this
% group of models is the ability to perform sensitivity anal-
ysis of the variables of interest. The measures of these
elasticities have proven to be most vital in most modern

. approaches to understanding and forecasting demand.
[Ref. 10: p. 277]
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G. TFORECASTING SYSTEMS: THE WHOLE STORY

The beginning of this chaptered offered some questions
- that should be considered when selecting a model for fore- "
b casting demand. Answering those questions is only the
G beginning of the decision process. Once a forecast is made,
other factors must be considered in order to complete the
process. The forecasting model must be part of a total
system. Figure 2.2 illustrates the concept of a total fore-
>, casting system. The system must be one that surveys the
forecasting problem prior to selecting an appropriate model.
The forecast is made by taking into consideration the
expected accuracy. The behavior of the forecasted variables .
are monitored on a tracking system. The forecast is then
adjusted to reflect the latest information available.

An integral part of the forecasting system is the fore-
cast monitoring system. This segment of the model is needed
to attempt making an overall forecast as accurate and as
reliable as possible. A key component in the tracking
system is setting up a range of acceptable limits, a confi-
dence interval which will give the manager an idea regarding
the probability that the forecasting model will actually
predict what it is supposed to predict.
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Figure 2.2 Total Forecasting System. 4
In general, the monitoring system tests the accuracy of e
.,
the model by comparing actual data points with predicted .
data points. This can be done in one of two ways. One way -
is to actually follow the progress of the variable behavior 3
. and compare the variation. Another way is to use historical =
. data to extrapolate '"future" data points for a period of ~
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time that has already past. The advantage to using the
second approach is that the accuracy can be testing immedi-
ately and before the technique is actually needed.

Like all forecasting systems, the forecast monitoring
system is merely a mechanism for assisting the decision
maker in selecting the most optimal choices available. One
should guard against false security that might accompany a
high confidence interval which has "predicted" data points
with a high level of accuracy up to the present time. A
confidence interval of 997 only indicates that the prob-
ability that a forecast will be correct is extremely high.
There still exists a small probability that the forecast
will be wrong. Additionally, there may be exogenous vari-
ables that could change drastically over the period of
interest which may render the results totally useless.



PR AR TR WIAUNLUN YU YT RN I T Y

III. MODELS FOR PREDICTING DEMAND FOR
TELECOMMUNICATIONS SERVICES

A. PUTTING THINGS INTO PERSPECTIVE

The main purpose of this chapter is to analyze and
evaluate models for forecasting demand for
telecommunications services that are currently being used by
the telecommunications industry. This chapter will closely
examine several models for predicting demand by first
looking at determinants for the demand for communications
services. Since most of the current 1literature makes a
distinction between the demand to gain access to a
telecommunications system and the demand to utilize the
service once access has been attained, it would be
convenient to focus on the differences and to categorize
the models based on that distinction. However, such an
undertaking would be beyond the scope of this thesis.
Instead, this study will concentrate primarily on models
that attempt to predict use. -

The chapter will begin by first examining the difference
between the two types of models. That will be followed by a
discussion of access forecasting models, then by statistical
models for forecasting the demand for use. The presentation
of each model will include a discussion of the model, its
applications, its potential for 1long-ranged versus short-
ranged forecasting and an analysis that focuses on the
model's strengths and weaknesses.

B. ACCESS MODELS VERSUS USAGE FORECASTING

There has long been a movement in our society to quan-
tify everything quantifiable and to translate unquantifiable
needs and desires into numbers that can be interpreted into
expected human behavior. Marketing researchers and economic
forecasters have probed, experimented, collected, dissected,
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analyzed, synthesized, quantified and computerized nearly
every aspect of human behavior in an effort to understand
why we do the things that we do. By examining all of the
known factors and correlating observed behavior with events
that occur in our environnment, it is hoped someone will
design a model that will be able to accurately forecast how
we will behave given a certain set of circumstances. The
ultimate goal for a profit making organizaton is to find out
what makes us tick and to try to push the right buttons--
those that will cause us to want their product more than
another's and then cause us to buy their products.

Generally, forecasting models are classified by the way
that data and information are used to ultimately predict the
future demand for a good or service. Those models for fore-
casting are considered to be either qualitative, relying
heavily on expertise and judgment, or quantitative, calling
for great volumes of numbers to be crunched into a computer
that will spit out a nice clean readout. In the actual
forecasting that goes on, there is often blending of quali-
tative and quantitative techniques in predicting demand.

Because of the blending that goes on, it would be most
convenient to divide the models into two major categories
that will take this fact into account. The first type,
access models, focus primarily on translating the determi-
nants of demand into a model for forecasting the demand.
This category of models require the authors to make certain
limiting assumptions. However, such assumptions are very
necessary to ensure that those who will ultimately be using
the information are aware of the models' limitations as well
as its capabilities.

The second class of models, usage models, are generally
time-series models that rely heavily on computer data bases
filled with electronically collected and stored information
on how many trunk lines are in use during the busy hour and
the origin and destination of those calls.
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C. ACCESS MODELS FOR FORECASTING DEMAND
Models in this category tend to require a great deal of

judgement and expertise. Many of the estimates are
empirically determined since it is very often impossible to
account for all of the factors that impact on demand. As
pointed out in Chapter II, many of those wishing to have a
particular good or service may not really know why he/she
wants to have it. The models in this section attempt to
quantify variables that are very often only quantifiable in
theory. Forecasting the demand for a good or service must
start with a firm foundation. The characteristics of that
foundation include information/data, clearly defined
determinants of demand, clear unambiguous and realistic
goals and a forecast accuracy monitoring system. Chapter II
provided a brief description of many of the determinants and
how they figure into the demand function. Table I provides
an expanded general summary of the determinants generally
associated with telecommunications services that ought to at
least be considered when structuring a model for estimating
l demand. The 1list is by no means exhaustive and must be
‘ tailored to conform with the requirements of the
organization and the reason for assessing demand.
The next step is to formulate an expression that will
allow the analyst to estimate the demand. Since so many :i
functions for estimating demand for telecommunications d

services are empirically determined, the task is not a .
simple one. This section focuses on several models !!
. currently used by the telecommunications industry for esti- {3
mating the demand for a service. o

D. MODEL FOR INTERDEPENDENT DEMAND
\ 1. Description

This model is one of a number of models based on a

theory of interdependent demand for a telecommunications

NN AR A

service. The basic assumption is that an individual's

)
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TABLE I

DETERMINANTS OF DEMAND FOR
TELECOMMUNICATIONS SERVICES

Dependent Variables
.number of telephone calls/messages/telegrams
.number of packets

. Independent Variables
.average price of a phone cal
.average price of a message
.average price of a packe
.average price of hook-up_costs
.average prive of first class letter .
.average price of a round trip airline ticket
.average price of teleconference call. .
.total budget allocated to telecommunications
.total income (individual vs aggregate§
.gogulatlon and growth rate
.total number of users connected to network
.local level of urbanization
.time zZone
.common business hours
.Similar interests
.business connections
.economic activity
.quality of service
.accessibility of system
.familiarity of system_
.profitability of service

utility derived from a communications service increases as
the number of subcribers to the service increases.
[Ref. 11] The model begins by defining the equilibrium user
set as a set of users which consists of the total number of
individuals (users and nonusers) maximizing their utilities.
In Rohlf's own words:

For example, a very small equilibrium user set may be
consistent with utility maximization, since the small-
ness of the user set itself makes the service relatively
unattractive to potential users. However, a much larger
user set may also_be g9551b1e for the same population at
the same price. In this case, the largeness of the user
set would make the services attractive and allo% a high
level of demand to be sustained. [Ref. : p. 18]

34

S . ‘._- ERE S A .._"..." . R '.._'..:..‘>.._"-,'.-_"\“.$“._' St AT N e ey T T s T e
RERPICTR PO X, PR (A A P PRL L 6 P P PR VRE VY




AR D A AR Gl GEREAD AR SR s Ui i & Aokl S A A Bl et il Bt i 2 th s aihin & 20 et a2 out md ) ot o)
)
b

Wirel | &L‘;l

~

| FAMR

In essence, a large user set would have a correspondingly
higher level of demand for a communications service.

Rohlf proposes that either an individual 1is a
subscriber or not. He further assumes that there are other

.
¥
b
»
S

goods in the economy that may be of interest of the indi-
vidual consumer. Next, he assumes that each individual
possesses a pair of utility functions. The above assump-
tions are expressed in the following manner: Using a set of
binary variables [Ref. 11: p. 19].

q; = 0 if individual i does not join (eqn 3.1)
the communications network

= 1 if individual does join the
communications network
The other goods that might be purchased by individual i are
represented by m, while interdependence in the model is
expressed by a pair of  utility functions for each
individual:

c
o
"

Uio (ri1---Tip) (eqn 3.2)

c
et
{

i = Uil (ql""qi‘l’ qi+1,...qn, ril...,rm (eqn 3.3)

Where

c
o
"

Utility of individual i if he/she does

not join the communications network

c
el
H

Utility of individual i if he/she does

join the communications network

rij = Consumption of other good j by individual i
Several assumptions that are made regarding communications
services are as follows:
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subscriber's utility never decreases as other members
Join

no subscribers drop out

prices of all other goods other than communications
services are fixed

each subscriber’s budget is fixed

utility is maximized with respect to an individual's
budget constraint

Taking the above assumptions into account, it 1is
possible to define an individual demand variable as:

: 0 1
1 if Ui < Ui

Where Uio and Uil represent maxima of Uio and Uil with

respect to rjj...r In plain English, the demand variable

for individual i ;: 0 if he/she does not subscribe to the
telephone system and 1 if he/she does subscribe to the
system. In essence, all users demand a telecommunications
service and that all nonusers do not.

2. Applications

The contribution made by Rohlfs in structuring this
model focuses on his two-step maximization function that
begins by first evaluating an individual's utility for tele-
phone service with or without access and then determining
the individual's demand by comparing the utility levels.
This aspect of the model appears to be representative of
actual human behavior. [Ref. 12: p. 241]

If this theory is correct, it may be more beneficial
for the industry to lower the price of the service if it
means a larger network, which by definition would increase
the aggregate utility, which in turn may increase the aggre-
gate demand for the service. In his discussion of the
theory, Rohlfs suggests that this increased utility may
offset any loss that may be incurred as a result of lowering
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the user's price of joining the telecommunications network.
[Ref. 13: p. 17]
3. Model Strengths and Weaknesses

a. Strengths

One of the model's strengths is that it is easy
to understand. While as a model for forecasting, it falls
short, it serves as a good place to start by allowing the
user to define what the curve that depicts demand might look
like. As mentioned previously, it evaluates an individual's
utility and demand in terms of a two-step function.

b. Weaknesses

One of the problems one might encounter with
this as well as with most empirical demand functions is that
some of the assumptions are unrealistic: For example, it
assumes that an individual's utility never decreases and
that a user will never drop out of the system. Another
problem has to do with its usefulness for assessing aggre-
gate demand. The theory does not provide a way to explain
how an individual's demand will impact on the entire system.
Perhaps the most obvious failing is that the author really
makes no distinction between access and use. It assumes
that there is just one price of being a part of the network
when in real life there is the price of joining and the
price of placing calls. Furthermore, there are different
prices based on the time of day and the place called.

E. UNIFORM CALLING PATTERN MODEL
1. Description

A forerunner of Rohlf's theory of interdependent
demand, the Uniform Calling Pattern Model by Artle and
Averous starts with a population consisting of N individ-

)
=
E’
|
.
.

uals. A set of binary variables is once again presented
such that
q; = 0 if individual i does not

LS NI MR N

subscribe to the telephone service

T VK
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= 1 if individual i does .

subscribe to the telephone service

The model developers made several assumptions regarding the

PN

N members in the population which lead to the existence of

= _ga S ST

two mutually exclusive subsets of individuals who either
have access (Gy) or not (Gg): [Ref. 14: p. 17]

[AS

(1) a%% the members are a group who enjoy talking to each 2
[0} er

AT NN

- (2) each individual converses with every other individual
either face-to-face or over the telephone

- (3) if a member of the group does not subscribe to the .
p?gne service, he/she has no access to the system at
a

Artle and Averous define the utility function for
individual i (Uj) as consisting of his membership among a
set of individuals who either have access to the telephone
system or not and all other goods and services. The expres- 5
sion for the utility function is ‘

b, U; = Uj(x4, q4) (eqn 3.5)

- Where xj

represents all other goods and services and qy
equates to membership status. In 3.6, q; is defined as =

follows:
qi = q for all i in Gl (eqn 3,6)

-
b
5

¥
P 0 for all i in GO :

A binary set exists since an individual either has access to

E the system or not. Therefore, a dummy variable, 31, 1is

introduced, where §; = 1 if the ith jindividual has access
and 0 if the ith jindividual does not have access to the
system. The resulting utility function is of the form:
[Ref. 14: p. 18].

vl (xi, §1, qi) (eqn 3.7)
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From there two utility functions may be postulated to exist
for individuals with or without telephone service. They are

vl = vl (x1, 5q), 5 =1 (eqn 3.8)

yo = 0 (xo, 0), §=0 (eqn 3.9)

Where q is measured by the number of telephones. Therefore,
q of the total population N individuals are connected to
each other by telephone and N-q represents the number of
individuals outside of the telephone system. [Ref. 1l4: p.
19] Figure 3.1 illustrates the demand curve for the Uniform
Calling Pattern. The demand curve depicts equilibrium user
sets for all individuals. A user set is represented by a
point on the curve. For any q, there is one and only one
equilibrium user set with q members all having the same

maximized utility. The Uniform Calling Pattern Model allows

the following equations to be written for a large popula-
tion: [Ref. 15: p. 27] )

q;P 0 if £, < p (eqn 3.10)

1 if fwi > p
Where £

the user fraction (q/n), and

» Wi =X Wij

Where w represents an individual's utility for the service.

The solution allows individuals to be ordered in

terms of their demand for the service. w means that

. > W
i K
individual i's demand for the service is greater than indi-

vidual j's demand. 1In order for the equilibrium user set to

exist, all members in a set must have the same maximized

utility.
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Figure 3.1

Demand Curve for Uniform Calling Pattern Model.
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2. Model Strengths and Weaknesses

Artle's and Averous' Uniform Calling Pattern Model -
defines the acces