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Long-Range Forecasting, Second
Edition, is the most practical, read-
able, and reliable book on forecast-
ing in the social and management
sciences. Like the first edition,
which went into seven printings, it's
based heavily on empirical studies,
uses the same humorous style that
won over so many readers, and
shows you how to use the latest
forecasting techniques to attain
higher levels of accuracy. Research
on forecasting has been growing
rapidly, and this new edition incor-
porates it all. It's the best book to
answer the guestions: “Which fore-
casting method is best to use in a
given situation?”” and “What are the
advantages and disadvantages for
each method?”

Long-Range Forecasting, Second
Edition, covers research in econom-
ics, sociology, psychology, trans-
portation, education, and
management, with references to
medicine, weather, and technology.
Long-Range Forecasting empha-
sizes the highly practical tech-
niques, such as judgmental
forecasting, that you use most
often. It explains, in clear detail:

* How to structure a forecasting
problem

» The strengths and weaknesses of
the available forecasting methods

* How to evaluate forecasting
systems

* How to get a new forecasting
method accepted by your users

* How managers should use fore-
casts

« Ideas for future research—with
suggestions on the kind of research
that will have the biggest payoff.

(continued on back flap)
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This revised and expanded edition
combines the results from 350 new
books and articles with 700 from
the first edition. New selections in-
clude a discussion on the relation-
ship between planning and
forecasting, a synthesis of dramatic
findings on the use of scenarios, a
quantitative review of all empirical
studies examining sophisticated ap-
proaches to extrapolation, some
benchmarks for assessing forecast
accuracy, and guidelines for audit-
ing the forecasting process in an
organization.

Long-Range Forecasting, Second
Edition is easy and enjoyable to
read, with aphorisms, poems,
photos, and over 80 illustrations in-
terspersed throughout the text. Re-
searchers, managers, consultants,
and students will appreciate author
J. Scott Armstrong’s guiding philos-
ophy: “Who said scientific books
had to be dull?

About the author

J. Scott Armstrong is a Professor
at the Wharton School, University
of Pennsylvania. He is a founder of
the International Institute of Fore-
casters, Editor of the International
Journal of Forecasting, and a con-
tributing editor to Interfaces. Dr.
Armstrong, who received his PhD
from the Sloan School of Manage-
ment, has worked for Eastman
Kodak, Polaroid, and Xerox. He has
taught at the Stockholm School of
Economics, the University of Ha-
waii, IMEDE (Switzerland), and Chu-
lalongkorn University in Bangkok.
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' Forecasting Audit Checklist

Topic Area

Yes

FORECASTING METHODS

Forecast independent of top management?

Forecast used objective methods?

Structured techniques used to obtain judgments?

Least expensive experts used?

More than one method used to obtain forecasts?

. Users understand the forecasting methods?

. Forecasts free of judgmental revisions?

. Separate documents prepared for plans and
forecasts?

ASSUMPTIONS AND DATA

9. Ample budget for analysis and presentation of data?
10. Central data bank exists?
11. Least expensive macroeconomic forecasts used?

UNCERTAINTY

12. Upper and lower bounds provided?

13. Quantitative analysis of previous accuracy?
14, Forecasts prepared for alternative futures?
15. Arguments listed against each forecast?

COSTS
16. Amount spent on forecasting reasonable?
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POSTSCRIPTS

WHY ROME FELL

NEW YORK IS NEXT?

n ancient Rome (A.D. 357), the

Emperor Constantius made a
law forbidding “anyone to consult
a soothsayer, a mathematician, or
a forecaster ... May curiosity to
foretell the future be silenced for-
ever.”

Theodosian Code, Book 9, Title 16,
Section 4

H’P ersons pretending to fore-
cast the future” shall be
considered disorderly under Sub-
division 3, Section 901 of the
Criminal Code and liable to a fine
of $250 and/or six months in prison.

Section 899, New York State Code
of Criminal Procedure (noted in
ASCHER & OVERHOLT [1983])
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PREFACE

Things are more like they are now than
they ever were before.

Dwight David Eisenhower

Research on forecasting has been
growing rapidly—more so than
in most other areas of the social
and management sciences. It
seemed appropriate, then, to re-
vise Long-Range Forecasting.

This second edition of Long-
Range Forecasting improves upon
the first edition in the following
manner:

First, it indicates where recent
research has made significant con-
tributions, either supporting or
refuting conclusions from the first
edition. (This research is inte-
grated into the text and described
in the updated bibliography.)

Second, the updated bibliog-
raphy compiles the most impor-
tant research on forecasting since
the first edition was published
seven years ago. It includes over
350 books and papers. References
to these works are easily found in
the text as they are cross-refer-
enced. The LAST NAMES OF THE
AUTHORS have been capitalized
to help the reader find the latest
research.

Third, the graphics have been
improved. Shaded areas set off de-
scriptions of empirical research.
Exhibits have been redrawn for
better readability.
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viii Preface

Fourth, while corrections had been made in each of the seven print-
ings of the first edition, this edition makes extensive revisions. To
ensure that my summaries of the research were accurate, I tried to
contact all of the authors cited in LRF for old as well as new citations.
Most authors were cooperative, so almost all interpretations of studies
in LRF have met with the approval of their original authors. This
effort not only led to corrections, but also informed me about the most
recent work by these authors. Extensive revisions were also made to
the People and Subject Indexes.

Fifth, additions were made. These include a more thorough discus-
sion on the relationship between planning and forecasting, a synthesis
of surprising findings on the use of scenarios, a quantitative review of
all empirical studies examining sophisticated approaches to extrapo-
lation, some benchmarks for assessing forecast accuracy, new results
on the use of role playing to predict the outcome of conflicts, suggestions
on how to present the forecast in an effective manner, and guidelines
for auditing the forecasting process in an organization.

Philadelphia, Pennsylvania J. SCOTT ARMSTRONG
April 1985
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PREFACE TO
FIRST EDITION

For one who has no objective, nothing
is relevant.

Confucius

his is a book about forecasting

methods. The emphasis is on
methods for long-range forecast-
ing. The methods are applicable to
all areas of the social, behavioral,
and management sciences.

Much is known about forecast-
ing methods, but little is used.
Why? Because what is known in
one field is unknown in another.
Because what is known frequently
contradicts our common sense. Be-
cause what is known challenges
our beliefs and our behavior.

Long-Range Forecasting is a
book for “doers,” the people who
have done or who are doing fore-
casting. These doers may be in
business, in government, in aca-
demia, or in consulting. Doers may
also be students working on fore-
casting projects in courses such as
finance, marketing, economics, or
sociology, or in those increasingly
popular courses dealing with the
future.

Some of the doers have little ex-
pertise, and some have much. If
you have a lot of expertise, you
will find many things to disagree
with in this book. That is how it
should be; if there is nothing in a
book that challenges your beliefs,
then there is no opportunity to

xi




xii Preface to First Edition

learn. Of course, you will also find things to make you feel good about
your current beliefs, but you will not learn much from these things.
The way to learn is to find ideas that you disagree with—and then to
suspend judgment and experiment with these ideas.

Long-Range Forecasting is a guide to forecasting methods. Although
it is designed to be read, it can also be used as a reference book. The
book:

1. Tells how to structure a forecasting problem so that alternative
forecasting methods can be developed and evaluated effectively.

2. Discusses how to implement new forecasting methods.

3. Explains how to get forecasts accepted.

4. Describes a variety of forecasting methods, discusses their strengths
and weaknesses, explains how to use them effectively, and tells
where to find out more about the technical details. In keeping with
my aim not to duplicate material already published, I have omitted
technical details that are easily available from other sources. In
effect, this book is more of a blueprint than a tool kit.

5. Helps you to select the most appropriate methods for a given fore-
casting problem.

6. Tells how to evaluate forecasting models. This is useful in selecting
the most appropriate method for a particular problem, in trying to
improve a given model, or in evaluating models developed by others.

7. Suggests what research on forecasting methods will have the great-
est, and the least, payoff.

8. Summarizes and synthesizes research from a variety of areas. My
review of this literature covered about 1300 books and articles pri-
marily from the social and behavioral areas: economics, sociology,
psychology, marketing, production, finance, demography, transpor-
tation, international business, politics, education, and social psy-
chology. Occasional references are also made to work in medicine,
meteorology, agriculture, and technology.

In addition, I think you will find the book enjoyable to read. The
first draft was very technical and obscure. By this fifth and final draft,
I was able to express my ideas in a form that is easier to understand
and more precise. Most readers prefer this—and so do I. To my surprise,
I found that many of the fancy ways of saying things were not nec-
essary. Occasionally I had said something in a complex way because
I did not know what I was talking about.

This book is readable. I checked it with the Flesch readability index
(Flesch, 1956) and obtained a rating of 66 or “standard.” This is about
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the same as the readability of a newspaper such as the Wall Street
Journal. Similar results were obtained with the Gunning Fog Index
(Gunning, 1959); this yielded a score of 13, which corresponds roughly
to the educational level in school needed to comprehend the writing.
In short, the book is much more readable than other scientific works.
(Science is not big words, despite what some people think.)

One of my original objectives was to write the world’s first obscene
technical book. It did not turn out obscene, but I think it is fun to read.
Research tells us that humor does not add to or detract from learning
(Markiewicz, 1974); so why not have a bit of fun?

I am optimistic about the current state of knowledge about fore-
casting. After you read this book, I think you will agree that it would
be difficult to find a situation where forecasting could not be improved
with existing methods.

Philadelphia, Pennsylvania J. SCOTT ARMSTRONG
November 1977
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INSTRUCTIONS TO THE
READER

1. Although much time and ef-

fort went into putting the
pages in the order you find
them, readers who have not
had much experience with
forecasting problems may
want to read Part III, “Eval-
uation,” before reading Part
II, “Forecasting Methods.”

. The book can be used as a

reference book (preferably
after you have read it). A de-
tailed table of contents is
provided at the start of each
chapter to help you. Also,
annotated references, a list
of exhibits, a glossary and
indexes for people and sub-
jects are included.

. The book summarizes the

existing empirical evidence.
Descriptions of these studies
are enclosed within the
shaded boxes. You may skip
the shaded material and still
retain the train of thought.
It is most important to read
the shaded material when
you disagree with the con-
clusions. (The conclusions
will be stated before the
shaded text).

Xix
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Instructions to Reader

. Many of the technical details are easily found in previously

published papers. If a source was difficult to obtain, I did discuss
the details.

. Good stopping places are at the ends of chapters except for Chap-

ters 6 and 8, where intermissions are provided.

- A glossary is provided because terminology varies among fields.

The glossary also defines the symbols and abbreviations used
in the book. (These terms are presented in boldface with a su-
perscript “G” when they first appear in the text.)

. The best way to learn from the book is to be considering a

forecasting problem while you are reading the book.

. Sometimes my humor is built around tongue-in-cheek comments

where [ overstate my case. This should cause no problem because
the evidence behind the statement is presented in the book and
you can reach your own conclusion. In fact, this humor has an
advantage; it informs you of my opinions and biases. I have
avoided the use of irony, so the meaning is never the opposite
of that which is stated (except as noted in the book).

- Tell all your friends about the good book you are reading.
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his list will help you to use LRF

as a reference book. It will be
of most value to you after you have
read the book. The exhibits in-
clude all cartoons, figures, photo-
graphs, and major tables.

xxiii
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Part |

GETTING STARTED

Chapter
1

2

Title

Introduction

The Systems Approach
Implementation

Research Strategies

n overview of the book and a

discussion of key concepts are
provided in Part I. It includes four
chapters. Chapter 1 defines the
scope of the book and provides a
brief overview. The systems ap-
proach is described in Chapter 2,
along with a discussion of how it
may be applied to forecasting
problems. Chapter 3 discusses the
most important aspects of fore-
casting—how to get people to adopt
new methods and how to gain ac-
ceptance of forecasts. Finally, some
general research strategies for
model building and evaluation are
discussed in Chapter 4.

Part I is more general than the
rest of the book. Although the ideas
in it may seem simple, to use them
requires ingenuity. Part I is also
less empirical than the rest of the
book. I was inspired in this by Tu-
key (1962), who wrote, “Far better
an approximate answer to the right
question, which is often vague,
than an exact answer to the wrong
question, which can always be
made precise.”

It is hoped that the right ques-
tions have been addressed in Part
I. Certainly the answers are ap-
proximate.
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4 Introduction

If a man gives no thought about what is distant, he will find sorrow near
at hand.

Confucius

I could begin by telling you that times are becoming more turbulent
and, as a result, our forecasts are becoming poorer. Hence, we need to
put more emphasis on forecasting. But that would be wrong. From the
evidence that I have been able to find (e.g., DAUB and PETERSON
[1981]%), times have not become more turbulent and our forecasts have
not become less accurate. So here is the new beginning: Think about
the wonderful advances in management and social sciences. . .. How
long did that take you? James LEE spent much time thinking about
this issue in his book, The Gold and the Garbage in Management The-
ories and Prescriptions. He reached some dismal conclusions: Most of
the important techniques have been known for many decades or even
centuries, while many of the recent “advances” have proven to be of
little value.

However, the situation in forecasting is different. Almost all sig-
nificant research in the field has been done since 1960, and the results
of this research have been remarkable. That is what this book is about.
We can now make better forecasts and we also know more about how
to convince people to act on these forecasts.

Chapter 1 is short. It relates forecasting to planning and decision
making, and it also outlines what the rest of the book is about.

THE SCOPE OF THIS BOOK

To study long-range forecasting, we need to know where we are starting
from and to be able to forecast for the short and intermediate terms.
I could have called the book Measurement and Forecasting Up to and
Including Long-Range Forecasting, but that is not a catchy title, to
say the least. In any event, the book considers forecasting methods in
general, but it has a bias toward long-range forecasting because re-
search in this area has been especially useful.

Long-Range Forecasting (LRF) describes methods that can be used

*The references in capitals are in the UPDATED BIBLIOGRAPHY. The lower case
references are from the original edition and they are located in the References. (The
year of publication is indicated in the parentheses).
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to forecast anything in the social, behavioral, or management sciences.
Although the language differs greatly among fields, the techniques are
similar. Forecasting sales of photographic goods draws upon many of
the same techniques as forecasting the health of certain Very Impor-
tant People around the world or forecasting gasoline sales at various
sites.

How long is long range? That depends upon the situation; for ex-
ample, a time period that is short range for the lumber industry is
long range for the personal computer industry. I have struggled with
various definitions—for example, “long range” is the length of time
required for all parts of the system to react to given stimuli (in eco-
nomics, this would be stated as the length of time it takes for supply
to adjust to changes in demand); it is anything over 2 years in the
future; it is the length of time over which large changes in the envi-
ronment may be expected to occur. The last one is my favorite and I
will use the terms “large changes in the environment” and “long range”
interchangeably.

The definition of long range is not as clear as I would like it to be.
You probably have your own idea of what long range means, but if
you don’t, the Wizard of Id certainly does, as shown in Exhibit 1-1.

The terms forecasting and prediction are used interchangeably in
this book. Some writers make a big fuss over the differences between
these terms. Neither Webster nor I see a difference that makes much
difference. “Forecasting” seems to have a narrower meaning, connoting
a statement about a future event, whereas “prediction” can refer to
any unknown situation, past or future. But this is not an important

point.

Exhibit 1-1 THE MEANING OF LONG-RANGE FORECASTING

THE WIZARD OF ID by Brant parker and Johnny hart

WHAT & THE
LONG RANGE
FoRECAST

Source. “The Wizard Of Id,” by permission of Johnny Hart and Field Enter-
prises, Inc.
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Forecasting vs. Planning

Forecasting is often confused with planning. When the leader of an
organization says that he would like a forecast, he often means that
he wants a plan. He wants to make something happen, and he uses
this plan to provide a target for people in his organization. This book
is about forecasting, not planning. )

Although LRF is not about planning, it is useful to consider how
forecasting relates to planning. Forecasting is concerned with deter-
mining what the future will look like, rather than what it should look
like. The latter is the job of planning. The forecast is an input to the
planning model. A forecasting model can be used in an attempt to find
out what the world will look like if you leave it alone ... or if you
make different assumptions about the future . . . or if you make changes.

The key steps in the planning process, illustrated in Exhibit 1-2,
are to gain commitment to the process, to specify objectives, to generate
strategies, to evaluate strategies, and to monitor results.

The argument is sometimes raised that planning is of prime im-
portance while forecasting is of minor importance. As long as a rea-
sonable forecast can be made, the argument goes, there is little gain
from improved accuracy. The major benefits come from the develop-
ment of a better and a more consistent plan and from a comparison of
alternative plans under a given set of assumptions about the future.
In my opinion, this argument has little merit. Even if forecasting were
less important than planning, it would not follow that forecasting is
unimportant in an absolute sense. It may be worthwhile to spend money
on both planning and forecasting.

Don’t get me wrong. I am also an advocate of formal planning. So,
apparently, are many others, as this has been a rapidly growing ac-
tivity in organizations. Also, I have reviewed the empirical evidence

Exhibit 1-2 STEPS IN THE PLANNING PROCESS

l Seek commitment J
A
Y
Specify Generate Evaluate Monitor
objectives strategies strategies results
! K A i
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and have concluded that firms using explicit approaches to long-range
planning do better than those that do not (ARMSTRONG [1982c],
SHRADER, TAYLOR, and DALTON [1984].) Firms also do better after
they start using explicit approaches to long-range planning than before
using them. So planning is useful as well as popular.

The interest in long-range planning and its apparent success should
lead to an increased interest in long-range forecasting. This appears
to be the case. For example, there has been a marked increase in the
number of firms that claim to engage in long-range forecasting. Jantsch
(1967, p. 27) refers to a survey by the McGraw-Hill Economics De-
partment that estimated that in 1947 approximately 20% of all firms
attempted forecasts over time spans of 3 years or longer while about
90% did so in 1966. This growth led to the formation of the Interna-
tional Institute of Forecasters in 1982.

Forecasting and Decision Making

A forecast is often required whenever a decision is made. This is es-
pecially true for decisions that have long term consequences. Orga-
nizations must make decisions involving the location of facilities, the
hiring of key personnel, the types of products to provide, contracts with
suppliers and unions, and financing. Individuals must make decisions
involving expenditures for college, the choice of a career, health treat-
ments, marriage, running for public office, buying a house, writing a
book on long-range forecasting, and so on. Because such decisions must
be made, it is desirable to forecast their consequences.

Exhibit 1-3 summarizes the various types of forecasts needed within
the firm. For example, General Motors would need forecasts of the
environment (e.g., GNP and tariffs), the industry (total auto sales),
their own actions (possible marketing strategies and likelihood of suc-
cessful implementation), competitors’ actions (reactions to GM strat-
egies), market share (relative prices of competitors’ products), sales
(calculated from preceding forecasts), costs, and results (e.g., profits,
recalls, law suits, customer satisfaction, and employee layoffs). A more
complete discussion of this framework is provided in ARMSTRONG
[1983al].

Of course, it is often possible to avoid forecasting. ACKOFF [1983,
p. 6] points out that if we can control the future, we do not need to
forecast (just as we do not need to forecast the weather inside our
houses). To the extent that we can respond rapidly, we need no forecasts
(as in driving an automobile). FILDES [1982] discusses other ways to
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Exhibit 1-3 NEED FOR FORECASTS IN A FIRM

Environment i
A
{
= Industry
Y Y
Company _ | Competitors’
actions i actions
A A
= Market share
Costs —~ Sales
\
Results

Y

avoid forecasts, such as buying insurance, diversifying one’s strategy,
and hedging one’s bets. Contingency planning, illustrated by Wee Pals
in Exhibit 1-4, provides still another way.

THE APPROACH USED IN LRF

I draw upon my experience in this book. Although experience is a great
motivator of learning, it is an inefficient way to learn, and I, like others,
tend to see what I want to see. So when I draw only upon my experience
in LRF, I will let you know. In this manner you will at least be aware
of my biases.

Much of what is reported in this book goes beyond my experience
to report on research. I have done some of the research, but most of it
has been done by others. This research is examined, summarized, and
occasionally reanalyzed in an attempt to draw conclusions about fore-
casting methods. For some critical areas, I hired research assistants
to code independently the empirical studies to determine how the con-
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Exhibit 1-4 CONTINGENCY PLANNING AS A SUBSTITUTE FOR
FORECASTING

Source. “Wee Pals” comic strip, by permission of Morrie Turner. © 1970, The
Register and Tribune Syndicate.

clusions related to certain hypotheses. I also asked the original authors
whether my interpretation was correct. In addition, I received critiques
from about 100 people who read early drafts of LRF, from 40 reviews
of the first edition, and from many who reviewed the second edition.

The most useful type of research for LRF was that which used mul-
tiple hypotheses® and empirical research. For example, studies that
compared the effectiveness of two or more forecasting methods in an
actual forecasting situation were of immense value. These studies and
others are described in the annotated references at the end of LRF and
in the UPDATED BIBLIOGRAPHY.

AN OVERVIEW OF THE BOOK

This book is divided into five parts—“Getting Started,” “Forecasting
Methods,” “Evaluation,” “Comparing Methods,” and “Commence-
ment.” The relationships among these sections are illustrated in Ex-
hibit 1-5. Note that Parts II and III may be read in either order.

Part I, “GETTING STARTED,” presents a short introduction to the
book, a description of how to implement different methods of long-
range forecasting, and a discussion of the systems approach and its
relevance to long-range forecasting. Some general research strategies
are then described.

G Boldface type with the superscript G is used in LRF to indicate some of the
terms defined in the glossary. It is used only when it is felt that different
readers may have different definitions and then only for the first appearance
of the term in LRF.
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Part II, “FORECASTING METHODS,” examines methods one might
use in long-range forecasting. Consideration is given to the most ef-
fective way to use judgmental, extrapolation, econometric, and seg-
mentation methods, as well as combinations of these methods. The use
of combined forecasts is also examined.

Part III, “EVALUATION,” discusses how to evaluate forecasting
models and processes. This includes how to analyze inputs to a model,
as well as how to analyze the outputs from it. The section on evaluating
outputs may be used to select the best method for a given problem. It
also describes how to conduct an audit on the forecasting process used
by an organization.

Part IV, “COMPARING METHODS,” examines the relative advan-
tages of each of the forecasting methods. I have presented evidence to
identify the methods that are best in each situation. A guide is con-
structed to help you to select the methods most appropriate for your
problem.

Part V, “COMMENCEMENT,” discusses which forecasting methods
will prove to be more popular and more useful in the future. It also
suggests areas where further research on forecasting methods will be
most valuable—and what research areas will have the smallest pay-
offs.

SUMMARY

There were few surprises in Chapter 1. The primary objective was to
tell you what the book will cover. It covers forecasting methods . . .

Exhibit 1-5 PLAN FOR THIS BOOK

Part Il

"Forecasting Methods"
Describes methods

——
to use in the
development of

forecasting models.

Part IV
.Parl ! - “Comparing Methods” Part V
“Getting Started” What method is best [ |“Commencement"”
in which situation?

Part 111
“Evaluation” I
= Describes methods

for the evaluation
of forecasting.
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and evaluation . . . from short- to long-range, with the emphasis on the
latter . . . in the social, behavioral, and management areas. It does not
cover planning or decision making, although it is closely related to
both.

The approach used in this book is primarily to test hypotheses by
examining all relevant empirical evidence. This evidence is fully dis-
closed.

An overview of the book appears in Exhibit 1-5.
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