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INTRODUCTION

g This Supplement to the Handbook of Forecasting Techniques (IWR i
E Contract Report 75-7) is in two parts: Part 1 consists of brief das- L
E criptions of the 73 forecasting techniques presented to a group of
Corps planners for selection for inclusion into the Handbook. Each
technique is explained in a one-page description designed to answer

'fzf simple questions such as: What is it? What do you get? How do you
W do 1t? and What do you need? This part should prove to be a valuable
W reference to the users of the Handbook in terms of coverage and format

of presentation.

Part 2 of the Supplement contains 31 forecasting techniques
described in some detail. These techniques were selected from the H
73 listed in Part 1, Twenty-five of these 31 techniques were finally 13
collapsed into 12 for more detailed treatment in the Handbook. This
part should alsn be a valuable addition to the Handbook because it
provides easy-to-read but informative ‘scussion of the most popular
techniques used by forecasters.

),
4

The material presented in the Supplement was preparaed by the
Center for the Study of Social Policy, Stanford Research Institute
4 and was provided IWR as a byproduct of the research contract that produces
i the Handbook. Funds for printing the supplement are from OCE (CWP-S). ;
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TREND EXTRAPOLATION

Abstract

Trend extrapolation is the general name for a variety of mathematical
forecasting methods, all of which determine future values for a single variable

through some process for the identification of a relatiouship valid for the

past values of the variables and solution for future values, It is generally

useful for only a single variable. It must be recognized that since only quan-

titiable variables may be forecast this way a bias is introduced against that

which is non-quantifiable. Also these methods are not able to deal well with

unanticipated changes in the historical pattern of the data. Trend extrapolation
includen such methods as moving averages, exponential smoothing, substitution

and growth curves, envelope curves and simple and multiple regremsion,

Definition

Trend extrapolation is the general name for a variety of specific techniques
used for determining future values of some continuous phenomenon o' the past,
It assumes that the continuous behavior of the past will persist into the future.

It also assumes that the conditions which have shaped the trend will not change

during the forecast time horizon. For example, since the middle of the last

century until very recently the growth of energy consumptiot in the U,8, haa

exhibited a relatively smooth growth, On che basis of this extensive historical

data one could extrapolate very piecise valuea for energy consumption in the
future. The range of techniques available for extrapolating trends reflects

the variety of kinds of trends to be forecast and the varying levels of effort

devoted to forecasting.
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History

The specitfic origins of trend extrapolation as a general approach are

. unknown, It is not unreasonable to assume that the Greeks, for example, made
certain kinds of forecasts, i.e,, economic, by extrapolation. In this general
sense, then,” trend extrapolation is as old as man's ability to intuitively
foresee the future on the basis of the past, Mathematical methods of extrapo-
lation are, of course, a more recent development. The recognition of character=-
istic patterns of trends such as growth curves was an advance of the nineteenth
century. Recent decades have seen the emergence of more conmplex statistical
methods and the application of computers. In a hardware sense the introduction
in 1973 of the HP=80 hand-held calculator which can automatically calculate
simple regression of trend lines represents another kind of advance. Work is
now in progress which will allow the forecaster to study the multiple inter-

actions of trends short of the development of complex computer models.

-!lll\ Unen

Trend extrapolation {s most often used when u quantitative forecast of a
single variable is needed. This implies, of course, that the variable itsmelt
be quantifiable. While all the methods of extrapolation do demand quantification
it is possible in some instances to devise proxy measures of nonquantifiable
variables. For example, this may be accomplished by identifying some quantity
which one assumes is related directly to the variable of interest (e.g., for
the variable of degree of environmental consciousness in the U,8, population,
one might select the sum of the membership of environmental groups as a proxy i

measure),
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Limits and Cautionas

As noted in the previous section trend extrapolation requires quantification

of the variables, Thums if one relies entirely on such forecasting methods one

introduces a bias in favor of those variables which can readily be quantified.

Thus, ;1nce there i an apparent precision to the forecast those variables which
are nonquantifiable often are simply ignored. This sometimes results in very
important elements receiving little or no consideration. For example, a continued
rige in the GNP does not necessarily imply a similar rise in social welfare,

Une way to avoid this trap is to consider in any decision a number of related

forecasts derived through different methods, some quantitative and others non-

quantitative,

In a related sense, there is a seeming certainty to quantitative extrapolative

forecasts. Little uncertainty is allowed for, In times of rapid change, as

today, this apparent certainty can be very misleading. Those forces which shape

a trend can change in such a way as to give no warning to the forecaster through

study of the trend itself, A recent example ir population forecasting is quite

dramatic. The Cefisus Bureau's population forecasts all had to be grosely re-~

vised when the birth rate plummeted in the early meventies. Only the careful
study of trend shaping forces--the anatomy of a trend--can provide a warning to

potential discontinuities. Where such discontinuities scem plausible, the

forecaster must then consider alternative forecasts or a range of forecasts

based on differing assumptions,.
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Other Techniques

Trend extrapolation is often done on a simply intuitive basis, i.e.,
"eye-balling.'" In more rigorous contexts, such as system dynamics, methods of
extrapolation are included as part of the mathematical considerations., Like-
wise they can be linked to cross-impact methods through the consideration of

cross~impacts of trends.

Procedures

A variety of methods are available for trend extrapolation. Which method
to choose depends mainly on the resources (e.g., people, time, money, computers,
etc.) available and what is known about the data. Also some methods such as
moving averages are only useful for a single time increment into the future.
I1f, for example, the pattern of the data suggests exponential growth and an
upper limit is known, then one of ''8" or logistic curves such as the Pearl or
Gompertz curves may be applied., If the data does not fit a cloar pattern other
than linearity and also seem to primarily only on one variable then linear
regression may apply. In contrast, if the varimble of interest is a function
of more than one variable then multiple regression--which usually requires a
computer--may need to be applied, All of the methods have in common the defi-
nition of some relationship for the historical data which is solved for the

future time intervals of interest.

Products or Results

The basic output of a trend extrapolation is a series of future valuet

for a single variable of intereat either in the form of a table or a graph.
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The extrapolation may also show up unexpected information. For example, if

the trend follgw5 an exponential increasing rise at some point it will approxi-

mate a vertical line indicating impossibly high values, This should tell the

forecaster that his approach has been naive and that at some point in iime

some force will intervene to retard the continued growth of the trend line,.
With the statistical methods various measures of confidence may be applied

to aid in assessing the reliability of the fuorecast. These methods rely on

the degree of spread of the historical data around the historical trend line,

Span of Forecasts

Some of the methods ,such as moving averages, are appropriate for very short
spans. These are usually the simpler methods. The more complex methods such
as multiple regression are more useful for longer spans. In general, however,
the span of the forecast is a function of the faith the forecaster has in the

continuity of the trend,

Resources

All the methods require the availability of reliable historical data,
Beyond that the resources need for the simpler methods may be as little as !
a French curve, a slide rule and a few minutes--for the more complex methods,

advanced statistical skills, a computer and many days,
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SCCIAL TRENDS AND SOCIAL INDICATORS

Abstract

Broudly, a social trend is any persistent, observable devalopment in a
society and a social indicator is anything which reflects the status of the
trend. The nced for social trend analysis is great, so that current interest
and activity is high, Regretfully, there is nv satisfactory theory of mocial
change so that social trend analyses must be treated with caution. Used to
suppert or refute assumptions or evidence gathered in other ways, social trend
analysig can be of great value, Interpretive time-series analysis is the most
widely accepted form. Efforts to analyze social trends are as old as the

decennial census provided for by the U,8, Constitution.

Definition

Social trend is a very broad term. It refers to any noticeable, per-
sisting tendency of a population to change its beliefs or behaviors in some
particular way. As currently used, mocial trends studied are those belleved to
lower or imprave the state of well-being in a population. A social indicator
is any measure which purpnrt; to reflect the development of a social trend.
A social indicator may reclate to the ascent or decline of a social belief or
hehavior, or tn the rate of change, or to the direction in which a trend is
developing., EXAMPIE: A current social trend 18 the tendency towards more

rquul treatment of men and women in their work roles. Some social indicators

which reflect this trend are:

LA T




1) Number of court actions addressing this issue;

T T

2) Legislative activity level in the field; and

T

3) Number of books and articles on the issue being published,
Social trend analysis assumes that particular developments i society
(women's liberation) can and will be acknowledged by qualified observers as

actualities (it is happening). It is also assumed that such developments can

T R T A S R
Bty i TR R

be understood or explained by relating them to other current developments
which "cause' them. It is assumed that any given explanation is able to be
verified or refuted by objective investigation, later on in principle if not

now in fact, It is the basic assumption that certain developments "cause'

others which is the basis for social indicator research. In proposing to

develop sociml indicators, it is assumed that the observance of one thing can

be accepted as evidence that another thing exists or is happening. An ana-
3 logous idea is the physician's diagnosis of a disease on the basis of a par-

2 ticular set of symptoms.

History
In requiring a national census every 10 years, the Constitution itself
! acknowledges that a people changes, and that it is {mportant to track and

] I record social changes., In recent years, the Russell Sage Foundation has been

a unique and major source of support for research and development in social
{ trend analysis and social indicators. The Department of Health, Education,
r and Welfare for some years maintained a lranel On .Social Indicators. More

recently, in 1973, the Statistical Policy Division of the Office of Manage~

ment and Budget published Social Indicators 1973, with a new edition scheduled

h_\.. P et AL LA s Patal 2L ntiga tens,
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for 1976. Great Britain, France, and O.E.C.D. have also been active in the
field for some years. Senator Walter Mondale of Minnesota for some years
sponsored legislation to create a Presidential Council of Social Advisors.
One of Mondale's principal objectives was to build support and acceptance for
social indicators equivalent to that provided for economic indicators by the
Council of Economic Advisors after it was established by the Full Employment

Act of 1946,

Main Uses

The major intended use of social trend analysis and social indicators lies
in the field of public policy setting and program development, EXAMPLE: 1If
it can be established that sexual equality will persist and increase, that
has major implications for employment policies, training programs, child care
services, etc. In the private sector, a few organizationa such as the National
Planning Association and the Institute of Life Insurance also engage in social
trend analysis. In the private sector, the objective is to identify threats

to enterprise or to support strategic marketing research.

Limits and Cautions

SBupport for social trend analysis and social indicators research and
development has been persistent for some years. The motive 18 hounest and ¢«
dent: we badly need recliable indicators of social trends., Because the » ud
is 8o great, some peoplec may uncritically accept analyses and indic..: .3 which
serve their melf interest. Regretfully, it must be pointed out that all work

tn this field i8 essentially unsupported by any overall or generally
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acknowledged theory of social change. Thus any given social trend analysis
or gsocial indicator should bLe regarded as symptomatic and contributive, but

not as definitive in itself,

Other Techniques

Elected or appointed political and governmental leaders have always needed
to know what is going on in any society, so that they could decide what to do
about it, Intuition, hunch, use of experienced advisors, and many other
méthods have always been used in the absence of something better, Social trend
analysie and socisl indicator systems represent little more than an attemrt to
make such procedures more explicit and systematic, so that in time they may

be improved and made more reliable and more germane,

Procedures

A wide variety of approaches is employed. The basic method, however,
is reasonably uniform from occasion to occasion., First, one must define or
at least describe the social trend of interest. Then one tries to guess what
observable developments should accompany the development of the trend in a
given direction. By using existing information or by engaging in research to
generate new information, one tries to confirm or refute the assumptions
already made. Invaripbly, the definition, description, or perception uf the
trend 18 revised and refined as the effort continues. By interpreting the
eventual evidence, the analysir tries to show that a given trend exists, and
is developing at n certain rate in a certain direction, as evidenced by

certatn cvideonce treated as soctian! (ndicators.




Product or Result

In its prct‘rrod form, the product of a social trend analysis is an
array of time-series data, presented as a set of trend-line curves, as a
numerical table, or both. The actual data will be accompanied by explanatory
narrative which states the assumptions made, procoedures used, conclusions
drawn., Beyond this narrow range, the ultinate product may be nearly anything--
a set of visual images, subjective stutements of opinion not testable by ex-
periment, etc.

A wide range of detail is possible., At its most rigorous, when well-
documented time-series data is arrayed, explained, and interpreted the level
of datail is fixed by the phenomenon of interest and by the detail-level of
available data, EXAMPLE: trends in mortality and morbidity in the U,8,
based on official records provide detail which is more extensive, complete,
and verifiable than any data which might be invoked to document a trend toward

’

greater sexual equality.

Level of Confidence of Results

Conftdencelleveln for social trend analyses and social indicators vary
greatly from topic to topic, situation to situation, and person to person,
EXAMPLES: Topic to topic: trends in the labor force can be accepted with
much greater confidence than can trends in sexual behavior. S8ituation-to-
situation: Labor force trends analyses will be accepted with greater .(ufi-

dence in the Department of Labor than in the White House. Person-to-person:

An experienced social scientist may have less confidence in social trend
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analysis or in a social indicator tham does an untraiwned political official

who nonetheless requires a rational basis for making social policy decisions.

Communicability of Results

A major problem in social trend analysis is to verify that the results
have been communicated as intended. 8Special interest groups tend to discover

in statistics what they prefer to see, and not necessarily what analysis by

social statisticians suggest. Even whare motivation does not bias, social ;
trends are complex, difficult to define, difficult to relate clearly to mea- ;
surable events, Given the lack of a comprehensive theory of social change b

accepted by all, it is small wonder that communicating results of a social

trend ‘analysis is extremely difficult,

Span of Forecasts i

To date, most of the rigorous, hard-data work in the field has been
limited to what 212 happen, and to what 11 happening. Projection or forecast
based on most social-trend data is difficult-to-impossible., Demographic data
is sometimes the exception: if we know how many one-year-ods there are today,
we can moke reliable forecasts about how many twenty-year-olds there will be
two decades hence, But who would care to forecast, say, fashion trends twenty

years hence, or political issue priorities ten years out?

Resourccs

There are two basic research approaches in the best practice. One is
to analyze existing data gathered for other purposes. This approach can be

fairly successful--i{f appropriate data exists on a standard basis for enough

11
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history, and if analysis does not exceed what the data validly permits. The
other approach is to design an experiment and conduct it to collect new datas
specifically for research, This is usually extremely expensive, and often
impractical-~suppose one feels the need to gather data for 10-20-30 years?
There are enough social scientists trained in existing methods to meet any

conceivable need-=but the methods are often inappropriate or of dubious value,

Comments

Anyone interested in engaging in or using the results of social trend
analysis including social indicator research would be well advised to consult
the following organizations: (1) Statistical Policy Division, Office of
Management and Budget, Washington, D.C, (2) Russell Sage Foundation, New

York. (3) Bocial Bcience Research Council, New York,

P . S S Y YT




STUDY OF PRECURBOR EVENTS

Abstract

Most closely identified with technological forecasting, this method
presumes that the forecaster has or can devise explanatory models about
modes and mechanisms of change pertinent to a given topic, The forecaster
fleshes out his model with historic or current data which are organized
into what are assumed to be current, precursor events, On the basis of
these alleged events and the model invoked, “he forecaster seeks to pre~
dict the nature and timing of subsequent esvents pertinent to the topic,
Bescause the approach is often used in complex, obscure situations the

communicability and ocredibility of forecast results may be marginal,

Definitton

That "coming events cast their shadows before' was first enunciated
by Thomas Campbell (1777-1844)., In contemporary futures research, the
analysis of precursory events as a forecasting method has been most
closely identified with technological forecasting. The principle is quite
a general as well as an ancient one, however. B8ince Newton, the western
world has increasingly acknowledged the universality of cause-effect
explanations, with cause invariably preceding effect. Whenever a cause
can be acknowledged, it is feasible in theory mnd often t{n practice to
estimate what future events can and/or cannot succeed specified past or

present events, Thus cause-effect explanatory models can be used to

13
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identify precursor events and to conjecture systematically about potential

subsequent events-=in short, to forecast.

History

Much of the earlier history of this subject has been suggested in
the section of "Modes and Mechanisms of Change' in this manual, In the
contemporary ers, the approach can be convaniently divided under two main
headings: hypothetical events and sctual (retrospectiive) events. Fritz
Zwicky's morphological forecasting approach (for which 523) is perhaps
the clearest exposition of the hypothetical approach. Specifying techno-
logical needs=-functions to be served, Zwicky sought to identify all
possible ways such needs might be met or such functions might be performed.
Using this inventory of hypothetical events, one might then track the
present to see which actual combination appeared to be bscoming actualized.
The Department of Defense Project Hindsight is a convenient example of the
actual (retrospective) event approach, In Hindsight, DOD identified a
large number of actual technological innovations, then sought to trace
their origins in complex sequences of preceding events. The rationale
in this case was that {f one could make general inf.rences from the his-
toric record, one might be able to specify or at least identify precursor

events and their "postcursor’ consequences.

Main Uses
As mentioned above, the main application of precursor event analysis

in modern forecasting has been in the field of technology forecasting.

14 ‘
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In principle, the approach is equally applicable and valid wherever firm
cause-effect relationships are acknowledged, For example, this year's
number of births is an important »recursor event for determining the number
of twenty-year-olds two decades hence. The power of precursor event fore-
casting in behavioral and societal sectors is extremely limited, however,
because there ia no generally accepted or adequate theory of personality

change or societal change.

Limits and Cautions

There is n seductive and widely committed logical fallacy which one
must be uware of in attemptirg to use precursor event analysis as a fore-
casting method, It is the fallacy of the so-called intervening variable,
8imply because Event A precedes Event B there is. not thereby adequate
reason to suppose that Event A ie the cause of Event B, To use an absurid
example, if I belch and that trivial gastric event is immediately followed
by an earthquake, there is no good reason to assume that myintom.ch dis-
order was responsible for the earthquake. BSo explained, th; fallacy seems
clear and simple to avoid. Regrettably, the logical error is not often
that easy to spot, For example, was inflation the cause of our current

recession, or vice varsa, or were other factors still responsible for

both? The jury of economists is out in heated disarry,

Other Technigues

As explained under '"Modes and Mechanisms of Change,' cause-effect

explanations are always present to some extent in every forecasting approach,

15
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Beyond this underlying premise, howaver, in one sense or application or
sanother, any or all of the other methods cited in this Manual may be con-
sidered as potential substitute -thodologlou for each other, including

the method discussed here,

Procedures

In using this method, the forecaster must first clearly identify
the forecast topic of interest. Then he borrows or devises a cause-
effect model by which he proposes tv explain how events and developments
pertinent to the topic have changed, are changing, or sven can change,
Then by observation, the forecaster meeks to identify current events
which are suggested by his model, Having done so, he designates these
svents as precursor events, The balance of the forecasting erffort is
devoted to estimating what postoursor events should follow, and when,

and what their implications may be,

Product Or Result

Dependent on the topic, data available, and the forecaster's re-
sources, the product in this case may range between a simple descriptive
narrative to a complex, computerized interactive model. 1In any case, the
product must incorporate and explain the cause-effect model invoked, the
historic or current data cited to mpply the model to the mpecific fore-
cast topic, and the rconjectural interpretations of the modelled evidence

on the hasim of which the forecast is presented, explained, and defended.

16
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level of Detail of Results

The level of detail in a precursor svent forecast is dependoent

primarily on the scope of the forecast topic and on the amount of pre-

»

.eision incorporated {nto the cause~effect model used. In

* political forecasting, for example, the explanatory model may deal with

Dase T

gross national voting bahavior, or it may be extended to deal with numer-

ous factional minorities at the precinct level,

E R T P

i - 1avel of Confidence of Results

{- Contidence in explanatory cause-effect models varies widely from
W
K
43 topic to topic, time to time, and audience to audience, For example,
K ) in the western world universsl, deeply felt confidence is imputed to

simple physical models (if a ball is released from the hand it will

fall to the ground at a specified rate, always, because...). On the
other hand, explanatory models which purport to predict the specific

behavior of a particular person or group is much less acceptable,

Communicability of Results

| Precursor event forecasting tends to be used in situations which
are complex enough and obscure enough to frustrate self-evident ex-

t planations to most people. (Example: 1{f it was obvious to everyone

cem T 2 AT R e e e Wb ma ¢ o

what must follow upon that current set of events known loosely as the
Energy Crisis, there would be no need for forecast analysis.) Given

the situations in which precursor event forecasting is typically invehed,

=
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the wmodels useu and the results hased on the model often are difficult

to convey to thie diverse interested narties addressed,

Credibility of Results

As mentioned immediately above, the results of a precursor event
forecast are difficult to convey, For that and other reasons, the credi-
bility of such a forecast may be widely suspect, If the forecaster's
audience does not comprehend his explunatory model or if they are not
convinced of his model's validity, then they are unlikely to find his

results credible,

Span of Forecasts

The span of a precursor event forecast is determined by the time
constants in the underlying explanatory model. The appearance of comets
in terrestrial orbits, for example, cah be forecast with great precision
and confidence many years or decades ahead, On the other hand, forecast
of sales in a given census tract next week may be extremely imprecise

and uncertain,

Resources Neaded

The first and foremost resource needed is an explanatory cause-effect
model appropriate to the topic and powerful enough to yield forecasts of
sufficient detail and time span. The second fundamental resource needed
is a source of pertinent, valid data or the capacity to generate =ame,

Either or both of these resources may often be lacking in those practical

18
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situations where it is desired to use the mothod--for example, in fore-

casting public response to a Corp of Engineers project,
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MODES AND MECHANISMS OF CHANGE

Abstract
Assumptions concerning modes and mechanisms of change underlie every
forecast. These cause-effect explanations are obviously crucial to the

reliability of the forecast, yet they often are not stated or even recog-

nized by the forecaster himself, These modes and mechanisms range from

simple straight-line models, to analogies, to complex models such ap

input-output or econometric modele. Forecasters need a better appreciation

of classes of models, the implication of using them, and the need for ex- '

plicating them for the benefit of users cof the forecast.

Definition

8 Modes and mechanisms of change refers to the basic cause-effect explan-
ations assumed which underlie every forecasting method, Obviously!_tbe
variety of explanations which might be assumed is very great. (Example:
"Red in the morning, sajlors take warning; red at night, sailors' delight."

Example: The rate of economic growth is determined by the rates of capital

formation and productivity.) Cause-eifect explanations may be stated

explicitly; as often as not, significant portions of the explanationlare
E unresrlized and vamentioned.

E The approach assumes that whatever happens is not entirely random or
accidentasl, that in fact whatever happens now or will happen later is

cawsed--that is, that it is attributuble to and explainable by & preceding

20
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train of effects, Further, it is assumed that cause-effect relationships
in one situation may be usefully invoked to describe or explain cause-effect
relationships in another situation. (Example: Opinion polls assume thot
the motivation-observed behavior patterns of a sample of the population

can be used to explain the motivation and observed behavior of the entire
population.,) Finally, it is assumed that forecasts cun be made by studying
the prohable outcome of cause-effect relations in a given situation under
hypothetical conditions which may be actualized in future. (Example: 1If
we believe that most parents wish to have at least one son and if we
stipulate that science may one day permit parents to pre-select their
childrens' sexes, then we can predict that the ratio of boys to girls in

a population will increase when the parents are given the power to pre-

select,)

Htltorz

Assumed explanations about how things change are as old as the history
of the human mind, In ancient times, it was assumed that the gods inter-
vened arbitrarily to make changes according to their whims, and this was
accepted as a satisfactory explanation of whatever happened. Historians
have used the ideas of the Great Man, climate, and challenge-response to
explain historical evolution. Bocnial scientists have used endless numbers
og analogies, metaphors, and models to explain socisl change and stability:
The Ant Hill, the clockwork, the pecking order, Parsons' "structures and

functions," econometric input-output models, etc, While the examples

21
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cited differ wildly in sophistication and explanatory power, they are
nonetheless all equally instances of invoking particular cause-effect

explanations, then using these to make predictions,

Main Uses
Particular modes and mechanisms of changes are introduced by assump-

tion at the earlieat stages of a forecasting effort. They are used to

decide what issues are important, what questions might be asked, and what
ﬁ; data might be pertinent. Once introduced and used, they are apt to be
accepted without further questioning in mid-project, then re-smphasized

us the central finding or thesis in interpreting forecast evidence.

Linits and Cautions

The use of nelected explanations of modes and mechanisms of change is

At once essential and extremely treacherous. In a vast computerized

economic model, for example, hundreds or even thousands of such explana-
tions may have been used. Yet the number, validity, or even the fact that

b these explanations--and not others--were used may be difficult or impossible
to establish in working with the model's outputs. Nor is there any ultimate
validation in the fact that the model seems to replicate actual experience,

4 80 far as we can tell: didentical results may be attainable by many signi-

ficantly different means. Necessarily, explanations about modes and

mechanisms of change oversimplify, throwing out all by a few factors. In

el Ol i o T el e

sesessing A forecast, it is important to consider whether or not the most
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appropriate factors have boen sxcluded and included by the explanatory

o m S

mechanisms used.

. Other Techniques

The number and variety of explanations about modes and mechanisms
of change is very large. In a sense, each is a '"different'" technique,
Yet all can equally be said to be various aspects of a single technique-~
the technique of selecting particular cause-effect relationships, and using

these to explain and predict changes.

g Procedurss

For topics in which forecasting activity is high, certain cause-effect :

" explanations have come to be well accepted, while others have been ignored

or renounced, For topics in which forecasting activity is new or recent,

ezeh

there is what amounts to a competition among various forecasters to see

C i

f. whose explanations are most powerful in suggesting and validating infer-
ences and predictions, Ultimately, it would appear that personal experience,
] Judgment, and insight is the basis for selecting particular cause-effect

explanations to apply in a given forecasting effort.

Product or Result

The main product here is developed at an early stage in a forecesting
b project for use by the forecester himself, The product is an analogy,
metaphor, or model which the forecaster electm to accept, develop, and

explore in making his forecast. This model may or may not be explicitly
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or by inference described in his final forecast report, but in either
case it will become a central component in any interpretive comments
made by the forecaster,

I1f the explanation used is a simple, intuitive one, it may not be
discernible to the outsider in the final forecast. If the model is elab-
orate and the forecast project ia substantial, the final product may devote
as nuch or more attention to the model as to the results obtained with its
use. In the latte:r case, the explanation could take the form of many

interlocked linear or non-linear equations embedded in a computer.

level of Detail of Regults

Forecasters quickly discover that the number of factors evidently

pertinent to their forocasts always exceed their capacity to deal effective-

ly., Explanations about modes and mechanisms of change are introduced pre-
cisely mo that only what are then assumed to be ""the few most important
factors' can be dealt with, while others are touched on or ignored. For
the few factors dealt with, the level of detail ranges from cursory to

exhaustive; for the other factorm, the level of detail ranges from none

to cursory.

Level of Confidence of Results

A forecaster who accepts some given explanation of modes and mechan=-

isms of change comes to think in terma of his model., For him, therefore,

there is a high level of confidence in his explanations. For others
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considering his forecast, the level of confidence in the forecast tends

to rest on how well his explanation is understood and accepted as pertinent
and valid, A monk who invoked the explanation of God's power and inclina-
tion to intervene might find that his forecast of future miracles was
accepted with great confidence by the bishop, only to be rejected violent-

ly by the village atheinst.

Communicability of Results

A good explanation of modes and mechanisms of change is a simple ex-
planation. To explain that the solar system works like a clock, or vice
versa is to give & satisfying explanation to Westerners acquainted with
clocks, and no explanation at all to a New Guinea bushman, Just as parti-
cular cause-effect explanations are accepted to simply forecasting activi-
ties, so are such explanations .aluable in conveying the results of a
forecast. It must be repeated, however, that communication inevitably
meana simplification, so that apparent and actual communication may be

quite different from each other.

Credibility of Results to Critics

Cause-effect explanations cf modes and mechanisms of change are
essentially presumptions about the nature of reality, 8o long as one's
critics are members of the same or a similar sub-culture, the explanations
the forecaster tends to use will be those his critics will tend to accept,

altheugh they may argwe abeut his data or his interpretation. Most fore-
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casters, regrettably, find that their forecasts are most wanted by persons
whose sub=culture is significantly different from their own. Thus the
Becretary of the Treasury may find the rasults of the Wharton national

econometric model incredible, because he explains economic phenomena in

quite a differant way.

Span of Forecasts

The basic presumption when selecting given explanations of modes and
mechanismes of change is that they are timeless~-if a stone falls at a given
rate today because of gravity, it is predicted that the same stone in the
same place would fall at the sams rate a million years hence, BSimilarly,
if greed is used as an cxpinnntion of human behavior, it is. assumed that
it will play the same role in human behavior !orcvor--nlthough the role

may be played out in different ways according to different cultural rules

from time to time,

Resources
Even to predict whether a penhy tossed will come up heads or tails

requires the use of some explanatory mechanisms. In that minimal sense,

no resources other than the experience by which a person comes to rua;on

are needed for some forecasts. At the other extreme, to inventory, assess,

and select a certain few explanatory models for a given application-=out

of the infinite possibilities--would often be an impossible task. In

actual practice, the forecaster tends to bring to him task from prior

26

i i il saan

= e et

P -

e L Er i S o i Eea s i s



experience a few explanatory models which he plugs in early and uses con-
stantly, It needs to ba pointed out, however, that the cost of develop~
ment of some models has run into the millions--in fact, into the tens of

millions~--of dollars.

Comments
The reader is once again reminded that what has been described here
is an underlying aspect of every forecasting method yet developed or sver

t{o be developed, Because the use of explanation is do frequent, so apparent-

ly simple and casual, and yet so powerful in determining forecast results,

TSR
LT T

F

it is important and extremely profitable to identify and assess the

A

adequacy of explanatory models invoked in a given forecast.
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BOX~JENKINS METHOD

Abstract

The Box-Jenkins Method is a powerful forecasting tool useful where
the variable of interest is a complex function of a variety of factors,
It illuminates the pattern of the time-~series data and uses that pattern
to generate the forecast, It does this through multiple iterations
gradually refining the model. As a result, however, it is complex to

apply, costly, time consuming and reguires extensive computer time.

Definition

The Box-Jenkins method is a quantitative forecasting approach designed
to handle complex time series data where no ready pattern to the data is
apparent. Unlike most other quantitative techniques Box-Jenkins does not
require a clear definition of the trend. 1In fact, the method is intended
to discover the pattern of the trend, This is accomplished by multiple
fterations of the data, with each iteration providing information which

allows the next to more closely approximate the actual pattern of the data.

ﬂlstnr!

The Box-Jenkins method is a relatively recent innovation in forecasting.
It was developed in the late sixties by Professors G,E, Box and G.M, Jenkins

and published first in 1970 in their book Time Scries Analysis,
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Main Uses

This method is useful where the desired forecast has an extended
time apan, the data comporing the time series is complex and where a rela-
tively high degree of precision is both required and neaningful, 1t is
also useful in that the method itsel? providea information on the statis-

tical error in the forecast independent of other statistical tests,

Limits and Cautions

Lire all quantitative rorocnltthc t;chnlquen velying on historical
data, the forecast at best can only be as good as the data used, Thus,
the quality of the data is an important and often ignored limit in fore-
casting., The Box~Jenkins method in particular is one of the most complex
and costly methods of quantitative forecasting. It requires considerable
computer time and generally longer time to complete a forecast, Its com-

plexity demands a high degree of skill in mathematical methods.

Other Techniques

Bex-Jenkins Bits somewhere hetween multiple regression analysis and
computer simulation models. 1t is a good deal more complex than multiple
regression, However, Lt forecasts only a single variable and is therefore

less powerful than simulation models,

Procedures
Inttially, the person using the Box~Jenkins method postulates

a general class of forecasting methods for his particular situation. 1In
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stage 1 a specific model that can be tentatively entertained as the fore-
casting method best suited to that situation is identified, 8&tage 2 then
consiste of fitting that model to the available historical data and then
running a check to determine whether it is adequate., (If it is not, the
approach returns to stage 1 and an alternative model is identified, When
an adequate model has been imolauted, stage 3 or 4 is pursued stage 3 being
development of a forecast for some future time period and stage 4, the de-
velopment of a control algorithm for a situation in which the forecasting

method 1s to be used for control purposes,

Product or Result

Box-Jenkins produces two results, The first is the forecast itself
in either tabular or graphical form. It provides the most likely value
as an upper and lower bound to the probability range., Equally important
is the identification of a model for the data which may be used to generate

future forecasts,

level of Confidence of Results

The method includes as part of the approach, statistical techniques
for evaluating the confidence, In genernl, however, Box-Jenkins tends

to be more accurate than the less complex methods,

8pan uf Forccasts

Nox-Jenkins is suitable for forecasts of the very short-range to the

intermediate level of a few years, Beyond that the reliability of the

identified pattern derived from the complex of variables cannot be counted on,
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Resources :;
The necessary resources to successfully apply the Box-Jenkins method f
. are considerable, It is costly and time consuming. Tt reguires extensive

computer time, A high level of mathematical skills 18 also necessary. ',f
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- PROBABILISTIC FORECASTING

: Abstract

12

N Probabilistic forecasting encompasses a number of different techniques
k-

& . all of which use some aspect of probability theory., It's major use is to

prodict the probability of occurrence of future events for some time depen-

dent random process, Some of the probabilistic forecasting technigques are:

Point and interval estimation
Monte~Carlo simulation

Markov processes

Parametric sensitivity analysis

Inventory theory

Queueing theory

Generally, all of these techniques require modeling ol events and estimations g

of probability functions,

Delfinition B

Probabilistic forecasting encompasses n numbor of different techniques

:‘ ull of which use some aspect of probability theory. Probability theory i
' regurddd here as the study of mathematical models of random phenomena. A
3 random phenomenon is defined as an empirical phenomeiion that obeys probabi.-

istic, rather than determministic laws.

' A random phenomenon that is time developing in a manner controlled by
probabilistic laws is called a stochastio process. Thus the motion of a

particle in Brownian motion, the growth of a population such as a bacteria B
; colony, and the occurrence of floods onh a river arc examples of stochastic

processcs. In general, probabilistic forecasting im the result of a stochastic

v

proccss.

? Hiltorx
Huyghens (1687) published the first book on probnbility tlieory which

i wins u troantisc on probiom- of games of chance, There wetve no published
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writings on this subject before 1687, although evidence exists that a number
of fifteenth~ and sixteenth cciury Italian mathematicians worked out solu-
tions to various probability problems concerning games of chance, General
methods of attack on such problems leém to have first heen given by Pascal

and Fermat in a celebrated correspondence beginning in 1684, It is a fascina~
tingﬁultural puzzle that the calculus of probability did not emerge until the
seventeenth century, although random phenomena, such as those arising in

games of chance, have always been present in man's environment, ¢

Eighteenth century development was enriched by the works of a number of
men including Bernoulli and Poisson., The work of Laplacc (1812) marks a
naturnl diversion on the history of probability, since his works arc not only
basis of much of modern probability but his stated bolief that probability
cnloulus is relevant to "the most important questions of 1ife" and not just

to vepetitive games of chance.

Muin Umes

The major use of probabilistic forecasting is to predict the probability
of ocourrence of future events for some stochastic process. Changes or modi-
fications to the stochastic process can he evaluated by the use of parametric
sensitivity analysis., For example, the flooding of a river can be evaluated
ns a stochastic process. The introduction of various flood control measures

on the river can be included in the evaluation by mecans of parametric enalysis,

Limite and Cautions

Probabilistic forecasting is based on the development of o stochastic

nodel to duplicate fhe hypothetical ocourrence of events in the real world.

The validity of the results of the forecasts are, therefore, dependent
on how well the stochastic model duplicates the real world and on tho
uvoilability end precision of inputs required by the model. The generaol
procedure umed to overcome this difficulty ims to "bracket" the outcomes
hypotheticnl forccnsts by varing inputs over their range of uncertainty

by the use of parumetric sensitivity ananlysis.
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Other Techniques

There are a number of alternatives available to probabilities fore-
casting, Historically, subjective opinion by "experts” has been the most

used alternative., The use of subjective opinion by "experts' has been

e

structured in recent years into methodologies of their own (e.g., the

Delphi technique), Deterministic modeling is another alternative that

is generally applied to very complex systems, The results of the deter-
ministic models are usually labeled &8 expected values with the term, s :

e¢xpected, being used Ln 8 rather loose statistical sense,

The entire field of decision analysis can be regarded as a subsct
of probabilistic forecasting; however, because of its importance, it is

being treated as a separate method,

Procedures

Probebilistic forecasting uses a number of different techniques. %

There are sone steps, however, that are common to all of the techniques.

These include:

® Detailing all pussible events.

9 Esgtimating probabilities of occurrence of events
subject to various conditions, :

® A modeling effort which is speci'fic to the forecasting
technique to be applied. o

i Deseriptions of some of the p. habilistic forecasting techniques that

muy be used singularly or in combinntion include:

v Point and interval ecscimation. This method attempts .

to describe the probabllity of outcomes for o single
event, An cxample would be the maximum annual water
level of a river, Tne event of concern would be a flood,

B i.c., when the water level exceeds a given depth,

gt
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# Monte=Carlo Simulation. This method simulates all or part

of a process by running a sequence of events repeatedly,
with random combinations of values, until sufficient sta-
" tistical materisl is accumulated to determine the probability
distribution of the outcome. The values used in each run
are selected because of the assumed underlying statistical

distribution.

¢ Markov Process, The procedure used in the Markov process

is to model the situation based on & matrix of transition
probabilities, These transition probabilities are the
probability of going from one event to another and are
assumed to be independent of the sequence of events.
Points of interest to the Markov process are the expected
timem reouired to go from one cvent to another and the
steady state solutions, i.e,, the long=run probability of

being in any state,

¢ Non=Markov Process, This process is similar to the Markov

process, only it is sssumed that the transition probabili.

ties can depond on the preceding sequence of cvents,

ﬁ * Paranetric Scnsitivity Analysis, In this typc of analysis,

] the input parameters or model formuletion arc varied in a '
j systematic manner to evaluate their effect on possible out-
: comes. Variables whose variation havelittle or no effecet

on possible outcomes can then be treated in a deterministic

t manner,

® Inventory Thecory. Two problems of considerable importance

to retail shops, wholesale distributors, menufacturers, and
congumers holding stocks of spare parts arc: (1) deciding

when to place an order for replocement of thetr stock 1tems,

TN,
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% and (2) deciding how large an order to place. Two kinds

of uncertainty must be taken into account: (1) number of

items that will be demanded during a time period, and

(2) time-of-delivery lsg that will elapse between order
and receipt of goods., Inventory control is concerned -
with minimizing the cost of maintainivg inventories, whilc

at the samc time keeping a sufficient stock on hand to meet

RESE LT b e S e Ll e ey

all contingencies,

gueues. A queue (or weiting line) is gencrated when
customers (or servera) arriving at some point to receive

(or render) service there nust wait to receive (or render)

RS e S as e
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service, The group waiting to receive (or render) smervice

ik

is called a queue, In the mathematical theory of queues,

Er e

waiting lines are classified according to four aspects:

R

(1) the input distribution (the prohability law of the
times between Bucceasive arrivals of customers); (2) the
Burvice time distribution (the probability law of the time
it tekes to serve a customer); (3) the number of service
channels; and (4) the queuc discipline (the manner in which
; customers arc selected to be served; possible policies are

"first come, first served,' random selection for service,

and scrvice according to order of priority). Queueing

theory is concerned with the effect that each of these

1
"
!

four aspccts has on various quantities of interest, such

T —

as the length of the queue and the waiting time of a

customer for service,

i Product or Results

4 The netunl results depend on the procedure vmployed. Generplly, the

results include tabular and graphical presentations, These might give
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expected outcomes over time and their sssociated probability intervals,
If parametric sensitivity analysis is used, there might be a different

set of results for the conditions studied.

Communicability of Results

Some knowledge of basic statistics is required to understand the
resulte, Otherwise, the results, which are presented in tabular and
graphical form, can be readily comprehended. Because of the nature
of the modeling and estimation of probabilities required, the results
can be subject to criticism' This, however, is less of a problem than

with other forecasting technigues,

Span of Forecasts

The most accurate forecasts are for the near and medium term time
tframes, As the time span incremses, the validity of the underlying
assumptions decreases, Moreover, it is more difficult for the person
or persons developing the model to eaumerste all possible events for

the longer-term situations.

Resourcep

The resources required to conduct probabilistic forvcasting include
experts in the applied subject area and in statistics who are able to
model cvents, data, and estimates of conditional probablility distribu=-
‘tions for the occurrence of cvents, given the occurrence of other events;
and many of the forecasting techniques require the usc uf a computer,

The cost of the development of probabilistic [orecasting models and their
argocinted inputs nuay require anywhere from a few dollars to many thousands

of dollars, depending on their size, scope, and application,

37




Special Comments

Since there are a number of different probabilistic forecasting ' i
techniques that can be used with varying levels of detail, the validity }
of the forecest will depend on the model and date used. A carefully ’
desipgned model used with a good duta base any :i.ng parametric sensitivity

analysis to explore the effect of less reliable inputs can give extremely

qsetul results,
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SUBJECTIVE ESTIMATES OF PROBABILITIES

Abstract

The subjective component is incorporated in every es;imatc of future
probability, and consists of that basis for the weighting of respective
outcomes to which no numerical basis can be assigned. As a method,
however, the term refers empecially to those procedures in which the sub-
Jective component is alleged or acknowledged to be of major or crucial
importance to the forecast contents. BSubjective eptimates of probabil-
ities are routinely relied upon in trivial, moment to moment decision-
making and in the vast, ultimate questions for which no objective apprais-
al is yet feasible, The. subjective approach in fact has dominated mowt
decision-making until the recent past, and undoubtedly dominates decision-
meking for most people in the world even at present. Many futures fore-
casting methods of recent vintage amount to little more than systematic
attempts to make subjective estimates of probabilities more explicit and

thus more "objective."

Definition

No potential future outcome is absolutely certain until it has been
nctualized in the present, In that strict sense, all estimates of prob-
ability are subjective, The concept of probability, however, implies
thnt‘potenttul outcomes can be estimated and expressed in quantitative

or nt least metric terms--"the odds are 80 to 40 against,' tor example.
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The subjective component of any probability estimate consists of that
welighting assigned to probabilities whose weight itself cannot be ex-
licitly counted or measured--''my experience and intuition tell me that
this outcome is lese likely than that," for example. Evory estimate of e

probability includes some component of subjectivity, The method specifi-

cally referred to here, however, includes all cases where the subjective

component is alleged or acknowledged to be major and crucial in determin-

ing the content of a forecast. :

s

This approach assumes that past experience can be and often is linked
rationally and properly to the forecasmter's ablility to predict future

developments and events. It is further assumed that some experience--in

PEYORSICET A

many cases, much of the most valuable experience~-has not been and perhaps
even never can be applied or described in numerical terms., For example, .

on what numerical basis might an art or music critic predict whether or

not a current work of art will be recognized as such by future generations?
The ultimate entrepreneurial risks in every enterprise are similar to
judgments about workq of art in this respect. 1In such situations, sub-
Jective, intuitive experience is invoked in making forecamts, either as

a supplement or as the only credible basis available.

i History
InpAuue of explicit, objective reasoning to estimate future prohsti.}-
ities is relatively recent in civilization, perhaps dating from Descurtes

in the 17th Century. Until then--and still in many quarters representing
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the majority of the world's peoples--gubjective estimates in one form or
snother were the only type of estimate known, let alone smployed.
Intuition, experience, Jjudgmeni, wisdon, insight--mos: of the qualities

by which people, especially leuders are judged=-are ultimately explainable
only in subjective terms, Uven now in the citadels of object;vo reason,
it is a brave soul who argues that the complexities of personal and sccial
behavior can be explained on an entirely objective basis~~whatever that

phrase may mean,

Main Uses
Resort to subjective estimates of probabilities of future outcomes is
determined primarily by the scale of cost, risk, and complexity involved

in a given situation. In the making of routine, trivial, minute-by-minute

decisions often it is neither necessary or worthwhile to strive for objec~-

E A tivity. In ordering lunch, selecting a suit of clothea, or choosing a g
route through the park, one's intuitive preferences are usually adequate.
In speculating about the prospects for peace, humanity, religion, or the
; state objective entimates often are clearly inadequate and not worth

making. It is only at intermediate levels of comt, risk, and complexity

thut it may meom worthwhile to invest in studied, objective estimates.

3 Stnte and hational budgets, corporate diversification planm, manpower

ol A e ali T

and training programs~-these are exanples of intermedinte activities in

which objective emtimates of probabilities are attainable and useful.
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In a special sense, then, it ia fair to say that we use subjective
estimates of probabilities to settle both the smallest and the largest
issues and uncertainties, reserving objective estimates for intermediate

matters.

Limits and Cautions

Subjective estimates of probability are adequate so long as they
are acceptable to all parties concerned or so long as objective events
do not create unmanageable aifficulties, There is a Great Pumpkin mo
long as Charlie Browh believes in Him and o long;nl He actually dows
appear on Halloween in a form even the nkepkion ﬁult acknowledge., When
these conditions are not met--as perhaps at present when people are
ceasing to bhelieve in the possibility of full employment because of
current unemployment rates--grave, inrurmountable crises may rapidly

develop.

Other Techniques

As muggested nbove, mubjective estimates of probabilities are used

when more objective estimates are unnecessary or inaccessible, It should

he noted that no estimation procedure is either purely subjective or
purcly objective, Any forecast topic has many aspects, and the question
nlways must be how many and which aspects can be trcated objectively .«»

RN

sith jectively,
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Procedures
Unsurprisingly, considering how ancient and universal subjective
estimation is, procedures for making subjective extimates are subjects
of constant development, experiment, and testing. For example, in this
manual the reader's attention is directed to the following methods:
KSIM, Cross-Impact Analysis, Study of Precursor Events, Scenarios,
Surprise-Free and Canonical Projections, Authority Forecasting, Surveys
of Intentions and Attitudes, Panels, Delphi, Divergence Mapping, Modes
~and Mechanisms of Changes, Synectics, and Contextual Mapping. Sub jec-
tive estimates are adequate only to the extent that they can be shared
and are convincing, these conditions tend to be met only to the extent
that estimation procedures tend to be explicit and logical and plausible,
{f not objective, It im in pursuit of these objectives that constant
expurimentation procedds with the regularization of subjective procedures

for estimating probabiiities,

Product or Results

Given the range and diversity of subjective estimation methods,

% the corresponding range and diverisity of products is commensurately
é large and diverse, The range varies between simple ussertion--'"I believe
3 (for whatever reasons, unstated) that msuch-and-such will happen''--tio
elaborate, computerized models in which subjective weights have been h

5 quantized and cross-correlated in complex ways at many levels,
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Level of Detail of Results

Infinitely variable, from the grossest generalization to mountains

of computer print outs,

Level of Confidence of Results

Those who sponsor and those who offer these kindas of forecasts
profess great confidence in them, because the forecasts are used to justify
decisions and aciions, past or pending. Beyond these par.iem, also, the
level of confidence acknowledged in a subjective forecast umsually depends
on the values and views of those concerned. Where the forecast serves
or can be made to serve positions established on ohter grounds the
forecast is accepted with great confidence, Where the forecast attacks

previously established positions it is ignored, attacked, or minimized,

Communicability of Results

Communicability is an interesting facet of subjective forecasts,

On the one hand, those who sponsor or make the forecast wish their audience
to accept without question the superior inmights and opinions allegedly
contained in the forecast, For this reason, the fectual content of the
forecast may be minimal, or may deliberately be made difficult to under-
stand, Or the other hand, a subjective forecast connot serve its intended
end unlaess it persuades to some extent those parties which are on record

as hostile or skeptical. 1In striving to meet these opposed objectives,

the forecast typically clearly states certain of its major promises and
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all of its major conclusions while obscuring the chain of reasoning which

links the two, Examples of this abound in the literature,

Credibility of Results to Critics

¥hat has been said above about communicabllity covers this matter

adequately.

Span of Forecast

0f all the aspects of forecasting by mothod, perhaps the most
subjective of all is the estimate of how far int& the ‘future it is feas-
ible to conjecture with credibility, Such being the case, subjective
estimate forecast time horizons vary literaully between the next sixty
reconds and the remainder of the history of the universs, dependent
purely on the topic, the forscaster's opinion, and the credibility of
his audience, Given topics tend to have a characteristic time horigon,
however: economic forecasts tend to deal with the hext three to eighteen
monthes, technological forecasts tend to deal with the next three to

thirty years, etc.

Resources Needed

Depending on the application, the topic, and the audience the range
of resources lLiterally varies between the minimum of one person with a
strong opinion and a maximum of many years of opinion-poll data from

normalized samplews,
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ENVIRONMENTAL SYSTEMS ANALYSIS

Abstract

Systems analysis is not a specific forecasting technique, rather it
is an approach to complex problem solving. The approach has been employed
to raesolve governmental, social, business, and, most recently, environmental
problems The central motive for using aystems analysis in environmental
planning is the complaxity of ecological processes. However, planners
wishing to apply environmental systems analysis should not expect to find
a ready made "cookbook' forecasting technique. There is a generalized
approach with literally hundreds of useful tools suggested nt each step;
but the details of exactly "how to do it' for a specific problem are left

to the imagination and ingenuity of the planner.

Definition .

Systems snalysis is probably not amenable to a clean, sharp, one sen-
tence definition. Generally speaking, it im a mystematic way to look at
complex problems to assure the achiovement of a larger objective more effec~
tively then if individual parts were exomined in isolation. The central
aim of systems analysis is that of making the optimalchoice from among an

array of alternative strategieos. It is an approach for grasping a large com-

plox problem by looking at the brodd goals to be achieved, alternative methods

to achieve them, and then examining the costs and bonefits of various
approaches to achieve the objective. Demigned to clarify objectives, it im
also n method to dimcover alternatives and measure their appropriateness

in light of all sorts of costs that are relevant to a problem - money, lives,

personal satisfaction, foregone opportunities, and so on - in light of benefits

to be achieved by taking n particular course of action Benefits may also be

of many different varieties - money, lives, time, and so on. In the process

of analysis, risks, costs, and objectives are weighed and balunced. (Steiner.

1968)
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Perhaps the most basic component of systems analysis is the operating
maxim that extremely complex processes can be most easily dissected into a
large number of very simple unit components, rather then a small number of
relatively complex units. A second exiremely important notion is that com-
plex historical processes in which all variables change with time (evolve)
can be depolt with most straightforwardly in terms of reoccurence torﬁhln
that cxpresses the state of '‘a system at time t + 1 am a funotion of the
system at time t. Thus the process im understood in terms of the cause-
effect relationship that operates through the typical time interval,
Another important basic tenet of systems analysis is that optimization of

processes is the central aim of research. (Watt, 1966)

RHistory

The term Systems Analysis was probably first used by the RAND Corpora=
tion in the mid-1940's, The concept was developed during the desperate
military situation that arose in England in World War II. It ocourred to
people responsible for the dofense of the country that physicists, bfbiocintl.
mathematicions, and other highly specialized people might have something to
contribute to what historically werc considered strictly military problems.
Since the war, the systoms approach has been employed in some fashion by
nimost all disciplines from the "hard sciences” to the softest of socinl
sciences., Some environmental applications include: Monitoring the activi-
ties of small animals, onalysis of birdnavigation, determination of populn-
tions systems, ecologicul models, salmon management, and numerous environ-

mental impact analyses and nssessments.

Muin Ugg:

The systems mcthodology douls cffoctively with important, brond, i1l1-

structured problems but can also upply to much norrower probloms, such ns
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allocating finus for a preject. System analyses are undertaken for numerous
uses from policy guidance to compliance with environwental diroctives on the
most routine level., Policy guidance can be provided usually for decisions

in which rigorous gquantitative analysis can only provide part of the solution.
The pnalysis should aid in uaderstanding the important and fundamental princi-
pals involved. The decision-maker does not ordinarily have time to work
through all the aspects of the analysis and to understand those that ho cannot
accept intuitively. Therefore, the analyst must provide the common sense

reasoningy necessary 1o understanding. (Quade, 1964)

In response tu NEPA the systems approach can accommodate the require-
ments to: blend the knowledge of many disciplines, empioy and emphauize
a scientific method, understand the present situation {(develop a model),
evaluate alternatives, consider the future implicationa, and denl explicitly

with unvertaiaty.

Limits and Cautions

Quade identified the two major pitfalls of systems analysis as 1) failure
to really define the problem, and 2) relying too heavily on quantitative
methods (greater interest in models then the real world). The fundamontal
limi tations according to Steiner are that the analysis is necessarily incon-
plete; measures cf effectiveness are 'nevitably approximate; and ways to
predict the future are lacking. However, the major problem for planners
may be that systems ananlysis iz an art not a sclence. Thus, it ia impossible

to explain to the planner just huw to carryout a systems analyais,

Piroceduse

While therc is no “ne specific procedure, the basic approach usually

involves the following phases.

Problem Definition-~The approach, research needs, and boundary conditions.
Choaeing Ctjectives--Kinde of objectives in the valuc system nnd opti-
mizirg the value system.

System Synthesis--functional design, delineating submsystema.
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Analysis~-Applying analytical tools, deducing uncertain consequences.

Selecting the Optimum System~-Decision prohlems and alternativea.

Probability techniques such as decisiovn trees, utility profiles, simulations,

linear programming, and PERT reviews are tools used in system analysis.

Product or Remults

Discovery is the basig product fiom the unrlysis. According to Henry
Rowen, Premsident of RAND, "discoveries, no:. of thinga, but about objectives
or va:ues, or relmtionships, or facts.'" 1In the urea of general governﬁent.

a alinple systems analysis might indicate whethe» :he Army Corps of Engineers
should spend $10,000,000 on flood control in Missouri versus Ohio, On a more
difficuit level would be determination of the preferred use of the land;

a flood plaiu or a recreational park Determining the best alloecation of
water resources to improve the habitability of U.8. cities could be the

result of an involved sysiem analysis,

OQutput_and Level of Detail

————

The output is problem dependent and usually specified in the early
stages of problem formulation., Oftentimes the final output will contain a
discussion of the specific system design as well as o comparison of alterna-
tives., For an impact profile of three plausible waste disposal systems,
the output in tabular form showe rank order lists of human and environ-
mental impact elements. Values are disployed for the worst and best cames,
The results alse include an estimate of reliability for all of the elements
considered, The output should produce generalized solutions as well as
detriled analytical backup, Systems analysis is a standard approach in
engineering and ncceptod in most othcr fields. For many interests the

confidence level dwindles if the approach is too mathematicnl,

Communicability of Results

Experience has shown that the approach can be readily expleined to

und understood by nudiences having diverse backgrounds and copabllities.
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Because of this, an extremely promising application is in accessing comunity
perception of impact for the purpose of (1) identifying and clarifying issues
and sources of conflict, and (2) educating the public and stimulating in-
formed publie participation. The results of enviroumental analyses can be
compared among groups and used to develop information for clorifying mis-
conceptions about system designs and their impacts. The environmental pro-
cedure can also serve am an effective catalyst for involving the public in

the design process., (Peterson, 1873)

Credibility of Results to Critics

Systems analysis is a relatively new descipline and in gome sense not
verifiable. Nevertheless, the credibility of the approach is high, The
credibility of the results, however, are completely dependent upon the user,
As was mentioned aarlier, the analysis can be top caliber yet fail to address

the correct problen,

Resources
A systems analysis approach tu environmental planning suggests thu use
of several experts from various disciplines to work together on a problem.
The team may well include: ecologists, biclogists, limnologistae, engineers,
atatisticlans, social scientists and economists. While it is not essentiul,
there is usually a requirement for mithematical modeling and/or statistical
evaluations. Frequently computers are utilized to carry out numericai

computationa, Tiwe and cost incraase with the complexity of the problem,
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DYNAMIC MODELS

Abstiract

The system dynamics methodology is a model building tool for construction
of dynamic models of complex, nonlinear systems, and studying the evolution
of systems through time, Simulation is commonly employed to solve the problems
posed by dynamic models by following the changes in the system over time,
Among the many applications, dynamic models have been used to suggest an over-
all framework whereby water supply and water quality can be related to broad
considerations of population, employment, investment, and life-style. While
dynamic models require extensive time, resources, and skills on the part of
the dovelopers, they appsar to be an oxtremely popular and useful modeling
tool,

Definition and Desoription

A dynamic model is a formal model that allows the changes in system
attributes to be derived as a function tf time. The derivation may be made
with ah snalytical solution or with a numerical computation, depending upon
the complexity of the model, Dynamic mathematical models that can be solved
analytically and give practical results are not very common, Usually, numeric
methods such as simulation are employed to solve the problems posed by dynamic
models., Basically, dynamic models consist of a number of reservoirs, or levels,
intecconnected by flow paths. The rates of flow are controlled by decision
functions that depend upon conditions in the system, The levels represent the
ocoumulation of various entities in the system., Ratem are definad to repre- .
sent the instantaneous flow to or from a level, Decision functions or, as
they are also called, rate equations d2termine how the flow rates depend

upon the levels.

Underlying Rotionale and Assumptions

A System Dynomics model makes explicit assumptions about how decisions
are made controlling, for example, the rate of fiow of capital, reuwources,

manpover, and goods, These decision variables, or rates, musi be formuluted

51




by mathematiocal equations indicating how the decision or rate depends upon

the perceived state of the aystem at u given instant in time. A System
Dynanics model, therefore, is primarily a statement of how the state of a

system influences the subsequent changes in the state of that system (Anderson,
1972).

D i e P o o S A
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History, Inoluding Previous Applications

At T Rac ot} sy

The dynamic modeling technique--systems dynamics--was developed by
Professor Jesy Forrester and his coworkers at Massachusetts Institute of
Tochnology in the early 1960'as., There have been several applications of
the technique and numerous publications. Entire books either devoted to ;
or based on the technique include: Industrial Dynamics, Urban Dynamics,
World Dynamica, Limits to Growth, and most recently, Mankind at the Turning
Point,

Main Uses \

A System Dynamiocs model is uniquely qualified for assessing the con-
loquinool of action taken within a aystem and for testing the alternatives
( open to policy-makers and planners. Because System Dynamics is a simula-
tion methodology, it is possible to test the senaitivity of the model to
the parameters which quantify the model, that is, to assess how important
®» partiocular parameter is in the consequences which the model projects for
tlie system., BSensitivity tests have two useful functions: first, they indi-
g cate where more research is urgently needed to allow definitive assessments
{ of the system's future; second, they indicate points in the structure of a
)

systen where policy change is most effective,

3 Limits and Cautions

It is often difficult to provide a quantitative formulation for a
devision variable or rate. The commitment of time and resources is signi-

2icant, Feedback loons must be designatod and each control factor mpecified.
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Equations must be developed for all rates and flows. Moreover, this method-
ology requires a large amount of data (either generated or collected) and an
experienced model builder skilled in System Dynamios and Simulation,

Other Techniques for Doing the Bame Job

System Dynamics is rathsr unique in terms of simulations. KSIM is
often referred to as a poor man's System Dynamics but does not offer the

sophistication of the Forrester technique.

Procedure

The task of modeling a system begins with concepturlizing the system,
This job occupies most of the modeler's efforts. He Ifirst must establish
the bourdary of the system in both time and space, ‘The model-builder next
uses his knowledge of the system, his contacts with participants in the
system or expert observers of the system to met forth the structure of the
system., A very useful tool for describing system structurs is the feedback
loop. Feedback loops provide a qualitative piloture of the system structure,
This structure must then be mapped into a quantitative or formal mathema-
tical model. The simulation language DYNAMO is ideally suited to this task,
although other computer languages can be used.

In order to quantify the model, specific numerical values are required
for the parameters identified in the pystem structure. The System Dynamics
model-builder places heavy reliance nn experts in the field to supply these
data.

Product and Form of Output

The results of n dynamic model are a series of graphs 1llustrating
the growth and decline of the system variables., The product peresents the

results of various alternatives as they compete for the defined resources.
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Level of Detail

While the feedback loops in a dynamic model umsually characterize
broad concepts, such as water quality, the parameters involved in the de-
finition of the water quality loop may be extremely detailed and include
such parameters as dissolved oxygen, required treatment, investment, and
capital costs. The ocutput display ususlly illustrates change in the levels
of major variables such as the level of dissolved oxygen required for vari-

ous treatment plant costs,.

Level of Confidence in the Results

The validity of the model rests as much on the acceptance of itas
amsumptions by experts as on any guantitative test, although it is often
possible for a model to be constructed so that it can simulate past history

for quantitative verification,

Communicability of Results

Dynamic models rely heavily on feedback loops to illustrate basic
model structure. While these are usually good display devices, detailed
models often require extensive examination and explanation to gain under-
standing. The output graphics are presented in such a way as to facilitate

ense in assessing trade-offs between nlternatives,

Credibility of Results to Critics

While the Forrester/Meadows dynamic modeling technique is poasibly
one of the most heavily commented upon in the forecasting 1li terature,
its proponents arc as strong as its critics, Dynamic modeling 1s extremely

popular and sure to be utilized to an increasing degrec in the future.

Span of Forecasts

Dynamic models are designed to produce long range forecasts., While
most wmodels similate changes for at least fifty years, the technique can
accommedate both Jomger and shorter forecest periods.
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Resources Ncodbd

Dynamic models usually require large amounts of data in tabular fomm,
Often times the extensive data requirements present problems and are time
consuming. A team approach is recommended to develop a dynamic model.
Because the interaction between modeler and field expert mist be close,
in both THé oSheceptual and dATETUUItectioirsteps of medal.building, it is
extremely important for the two to work together throughout the modeling
process, In this way the model's client-respondent easily grows into the
nodel's user-expert, and the model becomes an implementable practical tool
rather than an isolated or sterile exercise. Un!ortunately, the time re~
quirenent for developing such a model is extensive and thus, it is not

feanible for the decision-aaker to participate,

A computer is required to carry out the computations ol the simula-
tion, While a DYNAMO compiler is ideally suited for the simulation, the
similations can be run on a more standard systenm,

While I do not have specific data, I would estimate that a minimum
time of six months would be required to collect the data, develop the
fesdback loops and test the model, Computer costs for running the simula-

tion are small compared to the development costs.
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CROSH-IMPACT ANALYSIS

Abstract

Cross~-impact analysis strives to identify interactions among events or
developments by specifying how one event will influence the likelihood, timing,
and mode of impact of another event in a different but associated field. Crowss-
impact analymis is used not only to probe primary and secondary effects of a
specified event, but to 1Tprove forecusts and to generate single forecasts

(or scenarios) from multtpie forecasts,” The method is also a tool useful in

many sophisticated forecasting techniques,

Definition

Cross-impact anmlysis is a systematic means of studying ‘the interactions
among events or developmants, The underlying assumption is that a change in

technology, social practices, values, or any other area will affect the sur-~

rounding environment in three ways: (1) it will change the probability of

occurrence of interconnected events, (2) it will change the timing of inter-

connected eventa, and (3) it will affect the mode of impact of interconnected

events,

History

'The cross-impact mothod was developed during the 19808 by Gordon and
Helmer as an outgrowth of objections that the Delphi technique of forecasting
often failed to consider the interconnections amonyg events. The method has

found widespread use in technological as well as social forecasting. Perhaps
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the moat advanced cross-impact analyses have been carried out at the Institute

‘for the Future,

Main Uses

The nain use of the method il to describe and guanttfy the impact of one
development upon ;therl. Most frequently it is used to explore the implications
of an advance in tnchnology. Cross-impact analysis is often used to compare
the implications of differiug forecasts in a given field and to combine separate
forecasts in discrote but allied fields into s single forecast,

Remults have been umed to define primary and secondary effects ol a change
{or a f;;eca-tod change) in one area upon: social trends, new or altered
social demands, institutional functions (personnel, productior, distribution,
etc,), development in allied technologies, markets, long range plans, manage=
ment policies, R&D decisions, and similar areus. The technique provides in«
sight into trade=-off options and is useful in testing the consequences of
various policy actions., By clarifying the critical events underlying possible
future developments, the method helps to identify the contingencies of future
profit potentials for proposed programs, Computerized runs of cross-impact
matrices establish better estimptes of the probability of occurrence of ia-
dividual events, facilitate tosts of the most effective responses under various

circumstances, and paint to the key events to be monitored for future planning.

Limits and Cautions

Cross-impact analyses cannot allow for events not included in the matrix.
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Therefore defective or inadequate models of interacting elements can yield
misleading results, Two other problems are evident, Firsi, assignment of
probabilities of interactions are subject to much uncertainty, especislly in
a;ea- whose origin and anatomy are not clear. Examples include such "moft"
trends as alienation, changing priorities and values, political disruption,

or crime. Second, as pointed out by Bright, "use of one forecast at a time

as 'true' is clearly erroneous, since the future results fr;m the interactions
of a number of events, msome simultaneous and others very early, These events,

coming in clusters, often musmt create a very different impact on other future

events than the impact from events taken individually."

Other Techniques

Intuitively, participants in brainstorming, scenario writing, and Delphi
forecasting make use of cross-impact analysim, although not necessarily in a
focussed or systematic fashion., The technique ia used as part of much fore-
casting methods as feedback analysis and relevance trees, 1t is a central
element in interactive simulation techniques of forecasting, such as Forrester

type dynamic models or KSIM,

Procedures
In the usual procedure the first nstep is to construct a matrix consisting
of the cvents or items to be cross-impacted., This can be done in a variety of

[

ways., A gymmetrical matrix with identical {tems along both axes i8 perhapms

most commonly used. The specific event or development is then asmsumed to occur,

Its nature, mode, timing, cte,, are specified. Onc then dpecificetly inquires
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what the impacts of this dcv;lopmcnt would bs on all the other items nf the
matrix., At a minimum estimates are made of the influence of the first event
on the probability, timing, and impact of the other items in the matrix, In
some cases mini-scenarios of the interactions between two items are prepared.
Usually, experts are used to make the cross~impact assessments. Simple

matrices can be done by lLand; elaborate matrices require computerization,

Products or Results

The core output ims u table or meries of tables showing interactions nmong
items, Major studies may include numerous computer runs showing one-to-one
interactions using a variety of assumptions; primary, secondary, and tertiary
levels of impact; interactions among clusters of events (aggregated forecastws)
or among subdivided events (decompomed forecasts), Very often interactions
identified on a matrix are strung together on a time basis to create a scenario,

Results can be qualitative, quantitative, or both. They can be gross or
detailed and fairly certain or highly speculative, They can cover any time
span. Credibility of results will range from high to doubtful depending on

the qualifications of the judges and the nature of the material being cross-

impacted,

ngnurcvs

The most crucial resource is imaginative people knowledgable in the field
being cross-impacted, This ims a difficult combination to find in many areas
of engineering and sclence so it is often wise to leaven the judgment of
experts with that of people of sound and {maginative judgment although not

vxpert in the field,
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Cross-impacting is difficult and demanding work. Computerized assistance
is essential if complex simultaneous interaction must be considered.

Regquirements of time and money depend wholly on the nature of the problem.

Commen t

Cross-impact analysis is a basic forecasting tool helpful if not essential
in most sophisticated forecasting. Every forecaster dealing with interacting

trends should have an appreciation of the principles involved.
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g Abstract

b ' KSIN is a cross-impact simulation technique used to aid plauners
to better forecast and assess long-range requirements and impacts of

b vater resource development alternatives, The technique provides a tool

'ﬁ to interface broad planning issues with detailed dynamic modeling need

R iR b

80 that more effective use can be made of planning resources. In addition,
the technique contributes a potentially valuable needs identification pro-
1 cedure to overall planning for such programs as urban studies, KX8IM com-
“.

ﬁ bines a small group workshop procedure with a mathematical Lorecasting

el

nodel and a computer program to generate changes over time in a few signi~

el

ficant planning variables.

st
Eride i Lo

Definition and Description

KSIM presents a mathematical means of artioulating eand visualizing what

-
PR

people sense to be the reluationships among a number of interacting vari-
ables., As » simulation tooi, it combines expert opinions with analytical
computing techniques to analyze realtionships among broadly defined vari=
ables in socio-economic systems. The technique enables u team of people,
first, to define and structure a set of variables describing a perceived
problem and then, using an interactive computer program, to cmloulate and
g display the changes in the variables over tire. By observing the changes
2 and then making modifications and refinements, the team develops & model
'@ of the problem situation., With the model individuals can test various

;: alternatives and review and improve their understanding of the problem,

Underliying Rationale and Assumptions

Like all simulations, KSIM seeks to esiabligh if-then relationships;

however, KSIM has the distinctive feature of accommodation subjective or




YRS

intuitive concepts as well as quentitative data. The mathematical formula-
tion encompasses two concepis that are particularly relevant in modeling
human or asocial systems., The first is that all variables are bounded, and
the second ig the idea of S=-shaped growth curves., For example,when dig-
cussing the population capacity of the United States, we are aware of an
upper and lower bound. There is not an infinite number of people, Rather
there is some limit or upper bound within the context of uvne's thinking.
If the maximum population capacity of the United States 1s esmtimated at
3500 million people, then 500 million is set equal to the upper bound and

no people would represent the minimum value or lower bound.

Nonlinear growth curves are characteristic of human systems. There is
no reason why human physical growth rates near birth should be';omparable
to growth rates neur maturation, The same is true of social institutiona,
The equations used in this procedure gives a S~-shaped curve that has been
shown to bo realistic for blological systems, and is also observed in socie?,
political, and economic institutions., While it is extremely useful to beg'n
with this growth curve, perturbations are easily incorporated into the K8SIM
methodology. Thus, planners who feel oconfident of specific growth trends

can be ascommodated.

History, Including Previous Applications

K¢IM wae developed in the early 1970'as by Dr. Julius Kane on the premise
that, "it is the 'soft data'~--value judgements, opinions, cherished notions~--
that control the dynamjcs of the political machine, If computers are to he
e®fective instruments of policy, they they must have open channel; that can
accept subjective data and give it its Dropur role." Although the technique

is quite new there have been a number of applications. These include:

New Venturen or ‘products--Pilkington Brothers LDT., England

Impact uascssment workshops--Inatitute for Water Resources
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Envirommental Planning-=-Depariments of Environment and
and Industrial Trade, Canada

Educational tool for systems mnalysis: UBC, Portland State.
University

Water Resource Planning--Corps of Engineers.

Main Uses

KSIM 1s a useful problem formulation, needs identification and
communication tool, It allows planners to understand system ltructdre,
relate quantitative and qualitative factors, and directly communicate
their perceived outcome of proposed planning interventions, Corps plannarl
can use KSIM to study the implications of changes that can result from the
interaction of system variables or from implementation of an alternative
solution for water resource planning. It can also be an effective proce-~
dure for incorporating community or expert opinion into water regource

planning.

Limits and Cautions

The simulation does not tell planners what alternative solutior {o
choose. Rather, it is an information and display device by which major
issues, needs and concerns emerge., The procedure is resigned to handle
broad scope variables and may only be applicable in the early stages of
Corps planning. The procedure requires a skilled leader and special caution
rhould be exercimed in attempting to translate human intuition into a mathe-

matical technique,

Other Techniques for Doing the Same Job

KSIM 48 a blend of many techniques, thus, depending on the aituation,
planners may gainfully employ: brainstorming, authority foiecnsting, work-
shops, or delphi for expert opinion; cross=-impact analysis or input-output

anolysis for interactions or feedback analysis; Jynamic modeling for simula-

tion and rlternative futures for assessing the outcome of projects unde: various

conditions,
63
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Proucedure

While the procedure should be designed to accommodmte the situationm,
the basic requirements sre to 1) formulate the problem, 2) identify the
variables, 3) develop the connections between the variables, 4) refine the

nodel, and 3) snalyze the effects of imposed planning interventions,

Product or Results

I1dsally the product of a KSIM simulation is a working model of the
problem. The model is used to test planning options by exploring how a
range of likely futures may shape a plan and/or by examining how various
changes, such as in public preferences, could affect plans. The output
appears either as column of numerical forecasts or graphios illustrating

the changes of significant variables over tiams,

Lovel of Detail of Results

KSIM deals with aggregrate variables (8-12) and structural relation-
ships and does not give pracise numerical answers. Output values for all

variables range between zero and one.

Level of Confidence of Results

The model reflects the experience and judgemcnts of the team members.
the

While the results may be limited by the availability of "hard data,

confidence in results is usually determined by the leval of contidence

placed in the participants.

Communicability of Results

Results from a KSIM exerclse are generally straightforward and easy
to communicate, The cross-impact matrix clearly illustrates the relation=-
ships between all voriables and output for various alternatives can be

readily displayed und compared,
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Credibility of Results to Critics

When presented as the teams parception of the existing situation and
changes due to planning, the results are generally accepted. However, the
KSIM technique ias fairly new and has not undergone oxtensive testing., Thus,
its credlbility as a forecasting technique has yet to be established,

Span of Forecasts

The procedure is designed to sccomodate both short torm wad long temm
relationships. However, since the c¢oncepts usually involve broad first

stoge planning objectives, long=term (30 to 50 years) forecast ave the most

common ,

Resources Needed

Resources include a leader, participants and access to a computer,
As was mentioned earlier, an experienced coordinator is required to lead
a foxmal KSIM workshop. Thus, while a workshop can be completed in less
than a week, there is a requirement to either hire a leader or learn the
procedure. It is estimated that learning the subleties of KSIM could take
anywhere from a few days to several months depending upon the background
of the potentiel lerder, Participanta should be experts in their desig-
nated fields, but need no experience in mathematics, modeling or systems
annlysis. The KSIM computer progrum is availahle on line or batch via
IWR or the Waterways Experiment Station at Vicksaburg, oOutput cosis are

estimated at approximately one dollar per run but vary repending on the

computer system employed.
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INPUT~-OUTPUT ANALYSIS

Abstract

Input-output analysis is a means of interrelating industry inputs
and outputs in a single model showing the consequences to all other
sectors of a specilied change in one, Different models deal with the
nation, with regions, with specific industries, etc. 1-0O analyses sare
of great value in quantifying changes in a region's or subregion's commod-
ity flows and likely industriallzation patterns resulting from specific
projects~-~such as improved navigational facilities or a new recremtional
site. Principal problems to its use include lack of detail in coversge

in I-0 matrices, out-of-date data, and high cost of developing specialty

1«0 tables.

Definition

Input-output refers to the flow of gooda and services among indus-
tries during the process of manufacture and then to final users (or GNP),
An example of the flow among industries is that of the output from the
iron and steel manufacturing industry through the fabricated metal products
industry to the motor vehicles and equipment industry. An cxample of the
flow to final umers is that of finiashed automobiles and trucks from the

motor vehicles and equipment industry to individuals, businesses, and

government agencies,
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Specifically, sn "iaput" refers to the value of the goods or services
purchased by industry A from industry B, or from another industry, to
enable industry A to make its own products or services. The value added
by industry A is alwo one of its inputs. "Output" is the total value of
all of the goods and services which are produced by industry A to smsell to
other industries or to final users,

Input=-Output tables are devices customarily used to develop and tc
shov graphically the flow of goods and smervices among industries and among
industries and final users. -0 tables may be constructed to show this
movement either for all industries and final users or for a selected group
of industries and final users. An [-0 table may show the flow of goods
and services within a metropolitan area, state, a non-political region such,,
as & watershed, a country, or even a group of countries, It customarily
includes all of the transactions or flows of goods and lervicenlwhich occur,
or are expected to occur, in a particular year, I;O tables are usually
produced in each of three different forms: one covering dollar transactions;
one direct requirements; and one, total requirementa,

Input-output analysis is the use of input-output tables and projections
to assist in tracing, predicting, or evaluating the effect on a particular
industry or region of changes in the demand for goods and services by final
users and by other industries, Many I-O tables have been computerized to

make it easier to insert desired changes.
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History

Interindustry input-output (I~0) analyais received its original impetus
from Wassily W, Leontief, who published the first national I-0 table in 1937,
Growth was slow until the postwar period, when tables were developed as a
guide to economic reconstruction by a number of European countries, includ-
ing Norway, the Netherlands, and Italy. During the past fifteen years many
national I-0 tables have been developed for studying ana projecting economic
growth patterns and the potential impact of major policy moves. Over sixty
countries now have one of some kind, and a single integrated table has been
published for the European Common Market. In addition, a number of region-
al I-0 tables have been developed for individual states, multistate regions,
major watersheds, and metropolitan areas. The most recent national 1-0 table

for the U,8. was published by the Department of Commerce in 1874,

A variety of individual firme and research organizations have also
developed 1-0 matrices for numerous specialty purpomses. It is apparent that
the development and use of 1-0 tables will continue, as they give an overall
interconnected view of the industries of a country or a region which no

other technique zan rival,

Main Uses

The Corps of Engineers would probably use I-O primarily for study of
changes in regional and subregional commodity flows and industrialization
patterns resulting from specified Corps projects., For this purpose the

technique has unique capabilities.
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I1-0 analysis is extensively used by (particularly large-sized)
businesses for market analysis, sales and market forecasting, capital

investment planning, diversification planning, planning operations

overseas, employment planning, purchasing planning, and planning exports
and imports, Several of these uses may be of interest to the Corpms for

internal planning.

1-0 is, of course, also used at state and federal levels of govern-
ment to generate basic economic informaiion required in a host of policy

decisions,

Limits and Cautions

Two basic cautions must be obmerved in using I-O analyses.
First, data for I-0 tables are usually fairly old. For example,

the national industry table issued late in 1989 used information collected

in 1963. The 1974 update employs 1967 data. On the average, tables reflect
industry flows and technologier of about eight years earlier. This is a mserious
deficiency since the economy and technology is far from static. To remedy the
3 situation some analysts have attempted to update old data by estimating new
. technical coefficients relating sectors of the economy.

Second, data often are not fine eno:gh for all the analyses one might
wish to make. The 1969 national table covers 367 industrial sectors,

Enormous as this is, there is often need for specific data on regions

and localities and for non-industry categories. Resort may be had to
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specialty tables developed by private organizutions, These somatimes are
more disrectly pertinent, but unfortunately they often employ data and

coefficients of questionable validity.

Other Techniques

1-0 is clearly superior to other cross~impact and relevance techniques
for measuring many kinds of inter~industry relationships. No other mnthod

attempts to compete in I-=0's specialty domains.

Procodug:g

A rough idea of what is involved in updating or projecting a table may
be had from a brief acocount of some of the major msteps involved in updating
the U.8, 10 table from 1874, These included:

o A complete update or projection of GNP components for the update
year or the starting and ending years of the projection, sube
divided into colunns (sectors) of roughly eighty categories,
and conversion of themse to the industry categories in the I-0
table in terms of producer prices, rather than purchaser prices,

o A complete update or projaction of the groass output of cach
of the eighty industries,

o Selective change of coefficients to reflect changes in tech-
nology, in the product-mix of each industry, in consumer taste,
and in the relative abundance of different inputs, Expert
industry know-how and forecasting ability are crmential for

this 18 probably the hardest part of the whole job,
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) o Rebalancing the whole iable to reflect a harmonious blend of
coefficient changes and projected ¢or known sector totals for
A ’ . industry output and final demand categnries. This should be
done by experts who are fully cognizant of the strengths ahd
. - weaknesses of the various ways of doing it, such as the RAS

- (Richard Btone) method, the BCM (C. B, Tilanus) method, or the
purely iterative msthod., All methods, of course, require

" extensive judgnent and recalculation, In addition, the cal-

culations must be programmed for and run on u high speed computer

A to avoid high time costs.

The upshot is that construction of new I-0 tables or updating of old

is extraordinarily expensive, The use of existing tables, in contrast,

@ in straightforward and does not require high levels of expertise, 4

: Product or Result ﬁ

An 1=0 table conmists nf a matrix with identical industry (or other) j
} categories on each side. In each cell appears a number (a coefficient)
3 which indicates the relationhsi.ip o1 the industry sector identified on one :
axis of the matrix to the sector on the other axis. In toto, the matrix ;

; defines interrelationships among all scctors treated in the table, Difforent

3
1 tables reflevt dollar flows, direct inter-indumtry requirements, and total

requirements,
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Level of Detail of Results

This has been discussed under "Limits and Cautions.”

Level of Confidence in Results

TEAGATTAE G

An I=0 table projection can be no better than the individual forecasts

YT

of final demand (CGNP) and the industry inputcoefficients which are combined

S

=

S
TR

to make it up. Confidence in these matters depends largely on one's

expectations and grasp of what is and is not included. Use of automated

data reduces confidence. Nevertheless, there is widespread agreenent that

BT

1=0 relationships warrant more confidence than those derived in other ways,
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Communicability of Results

E i

In & technical sense, communicability is very low, Results are usually

eI

presented in technical, mathematical form and reflect great numbers of

assumptions hidden even from scholars. (Roots and bases of the forecasts

used in developing tables are rarely understood in detail.)
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In a general sense, the concept of levels of interdependence among

industries is easy to grasp.

e s it

Span of Forecasts

e

1-0 {s usually used for short-to medium~range forecasts, Although it

could be used for long-range forecasting, it ims not uniquely adapted for

that purpose.
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- Resources

i Given a suitable I=0 table, much analytical work can be done with it
- by personnel of minimum training without an excessive e¢xpenditure of time.
i

Lo,

L The situation is very different if a nore specialized table must be

devised or if an old table must be updated, Comat and time requirements

SRS S e

ecceed the capabilities of all but large organizations., Generally, it is

TR

best to pay s qualified consulting firm to develop the information if it
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is detexmined that the cost of a new table is warranted,

Access to a high speed computer is a must for 1-0 analysis,

v
¢
.
4
r
h>
1
v I
1 ;
) !
g
‘ i
§
} 7 3 i
a k
f 1




OPTIMIZING TECHNIQUES

Absgtract

Most predictions can be viewed as a description of how scarce resources
are allocated over time, Optimizing techniques are one way of describing
such nliocations. More specifically, optimizing techniques can be umed to
select, from the various altarnatives, a program for nllocating resources
that optimize some numerical measure taken as a surrogate for a decision-
moker's goals. The program selected constitutes a prediction of how resources
would be used i1 the decision-maker were to achieve the goals, set forth by
the measure, with optimal use of the available resources, By suitable varia-
tion of the measure, it is possible to study a widB range of alternative
allocations, and hence, of mnlternative futures. A broad variety of upplicable
optimizing techhiques are available and, subjert to ceitain qualifications,

can bo used to make predictions about n large number of subjects.

Definition

Optimization is one way of determining how scarce resources might be
allocated over time, Most predictions con be viewed s o deseription of how
scarce resources will be allocated over time. Typical examples of questions
requiring prediction arv: will thu raoin-god smile on my crops; will therc be
enough money for the dom; and how will we divide avnilable resources for future

energy development?

In this approach, n single renl qunntity (objective function), summarizing
tho rosult of some progrom for allocuting scarce rosources over time, is iso-
lated and optimized (i.e., eithor mnximized or minimized, depending on the
situation)., The optimum is achieved by proper sclcction aomong alternat - .
that do not requirc more than the available resources and do weet the - onwe
constraints, In the present context, the selected program constitv:e - a

prodiction of (1) what resources would be used, and (2) when they would be
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applicd, if the decision-maker's goals were precisely described by the
objcective function, The best known example of this kind of approach is

in the field of economics, where it is frequently assumed that the entre-
prencur seeks to maximize his profits by allocating his scarce resources
(capitnl, equipment, management skills, wasting resources, etc.) in the Lest

possible manner over time.

History
The utility of optimization was formally recognized during World War Il

wheon scientists were striving to achieve performance measures for physical

principles and designing or explaining technical weapon systems.

The results wore extremely svccessful and by the early'lbbo’l. the tech-
niques had been successfully applied to problems such as the construction of
an optimum stock portfolio, Moreover, the concepts werc supported by ptro-
fessional socicties, such as the Operations Research Society and the Insti-
tute of Management Science, and supporting analytical tools such as linear
programming were developed. Todey, optimization techniques are incorporated
in undergraduate and graduate ocurriculum and probably are familiar to most

engineering graduntes.

Maoin Usnos

Optimization techniques have been applied (with varying degrees of
puccemss) to n brond speoctrum of problems ranging from sophisticated hard-
warce to ocomplex social systems., In the present context, their main function
would appear to bhe the prediction of recsource use and timing associated with
thp pursuit of some normative goal, Optimization techniques have been used
in comt/benefit nnnlysis and in most forms of enginecering economics, Howcver,
for butter or worsc, the ficld still contuins a number of yet-to-be-~triod

opportunitica.
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Limits and Cautions

This approach has the obvious advantage of simplicity, preciseness,
elegance, and a formalism tiat frequently leads o new ingights. It also
has obvious limitations, due to the fact that not all, and perhaps only a
few, real-world problems can be defined in terms of single, mathematically
tractable, function whose optimum value represents the best of all poasible
worlds., Also, its practitioners and their clients must be alert for two
undesirable tendencies. The first of these is either to "study a problem
to death” or to make an elaborate formulation where a simple rule-of-thumb
may do just us well, The second is to become attached to a particular
appronch, s¢ that the practitioner becomes a "soluticn" looking for a gﬂi
problem, However, optimization techniques, properly used, offer a broad :
range of opportunities for the mathematically inclined.

Other Techniques ©

A amall but growing minority of practitioners in this field have begun
to question the iden that the rigor adopted from such fields as physics and
mathematics can only be applied under the rubric of optimization, Simulation

scems to be the moat frequently used alternative. A number of other approuches,
including hierarchical selection, behavioral (satistying) approaches, inter-
active mhlti-;oul analysis, and efficient multi=criteria techniques, have all

been suggested and, in o few cases, applied.

2rocedures

i B AR ] s o 06 i Al

A largc number of techniques have bcen invented and deascribed in the

literature, and some generul models with well-defiend characteristics have

been created. Tne momt jwportant, for the purposes of this review, are capital
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budgeting models, R & D project selection models, and lingar programming

adaptntions of input/output data. ;

Almost nll useful optimizing models require interaction between the 5

aalysts and the decision-makter and/or members of his staff. 3uch g
i



interactions are necessary in order to define objectives, viable alternatives
for achieving the objectives, and resource and time constraints, With this
information, the analyst creater either a deterministic or stochastic mathe~-

matical abatraction whichk attempts to model the real world,

Once a model has been agreed on, the analyst uses mathematical analysis
to obtain an optimum golution, In a certain sense, the optimum value is
of less intereat than the program, i.e., the amount and timing of resource
allocations, designed to produce the optimum, This is because the uncertain-
ties associated with real-world problems make achievement of the predicted
optimum highly unlikely. Consequently, a robust solution, 1,e¢., one which
will produce nearly the same result over a broad range of conditions, is
frequently sought. To study this part of the problem, the analysts often
porform sensitivity and post-optimality analysis. Computation procedures
for producing the latter kind of data axe sometimes included in some of the

more common mathemgtical techniques, linear programming being a case in point.

Product

Ideally, the result of the analysis is a robust program designed to
achieve the objectives of the decision-maker. For management, one of the
more rewarding aspects of the model-making process is the new insight on
virtually all phases of the operation being modeled, There are some people
who argue that thesc insights are the principal rewards of the attempt to
optimize., In effect, the program predicts the amount and timing of the
resource expenditures that would be made by a decision-maker pursuing the
objeoctives set up in the model, By considering the objectives and con-
straints affecting the various types of decision-makers, it is possible to
obtain information on how resources will be used under n wide variety of

alternative futures,

A wido range of detail is possible. Since the models nre usually
computcrized, sensitivity or other annlysis ore readily performed. If the
modcl is stochastic, then confidence limits nre usually available. On the

hand, the stochastic models are less reoandily appliced,
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Level of Confidence of Results

Since optimization technigues usually model complex and unique
situations, it is frequently difficult to check the accuracy of the re-
sults. Since computer techniques are usually employed, a great deal of
time should be spent to make certain that the results are not affected by
programming bugs. Also, both decision-makers and/or their stafts, and
analysts should make certain that all the aasumptions built into the model

are well understood.

On the other hand, the fact that the model represents an idealized
situation frequently means that the results can serve as upper or lower
bounds for the rosults estimanted on the basis of more realistic but less

rigorous approaches,

Communication of Rosults

In one sense, communicetion of results is excellent, since a good
model should reflect the decimion c¢riteria or variables that are of most
intercst to the decision-maker. However, communication sometimes breaks
down because, during the time spent on the construction of the model, the
decision-maker, or his viewpoint, may change. Indeed, the latter effect
call occur as o result of the insights gained by the decision-maker in his
interactions with the analyst--nnd sometimes the effect of the insights
does not become npparent until long after the analyst is committed to a now
inupprvoprinte optimization model. Even when both decision-maker and analyst
have good communicntion, it sometimes happens that subsequent users fail to
appreciate the assumption of the model and consequently apply or intercopt

the rosults incorrcetly,

Span of Forecosts

In theory, the span of the forecast is only limited by the data. How-
vver, in practice, the probability that the decision-maker will (1) continue
to follow the presumed optimum path, or (2) even perceive the concept re-
presented by the objectlive function as heing optimal, undoubtedly decreascs

with time.
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Both the data required and its availability will vary with each pro-

P e
L

blem. Some problems fit easily and naturally into the data structure of the
organization amking the question. Other problems are never satisfactorily

solved because of the lack of data,

In general, application of optimization techniques requires an opera-
tions research or systems analyst and frequently programmers, data aids,

ete. Access to an appropriate computer system is usually necessary.

Time on the order of months and sometimes years and money for college-
trained analysts must be provided, gince a rather sophisticated abstraction

of reality is being constructed (however, see the comments helow).

Comments

Two points should be kept in mind in using optimization techniques.
The first point is that the putential user must expect to spend a rcasonable

T
amount of time making certain that (1) the model is a reasonable representa- %
tion of the problem of interest, and (2) that he understands the limitations ;

engendered in abstracting a mathematically tractable model from reality.

The second point is that develonment of optimization techniques involving

complex representations and solution techniques should, in general, be

avoided whenever possible. The amount of mutual understanding, customer

PSR P

satisfaction, and time and money saved are usually significantly greater

if the study begins as simply as possible.
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DECISION TREES

Abstract

Decision trees are one of the primary tools used in the field of
Decision Analysis. Decision Analysis was developed by combining aspects
of systems analysis and statistical decimion theory in an effort to reveal
how to be logical in complex, dynamic and uncertain situation, Decision
trees provide a logical framework for balancing several considerations such
as uncertair‘y, preference, and long run implications. The tree permitm
mathematical modeling of the decision, computationul implementation of the
model, and quantitative evaluation of the various courses of action.
(Matheson, Howard, 1968) While decision trees present logical paths toward
decisions and may be a valuable learning tool for the developers, they are

extremely complex and require a large commitment of time and resources.

Definition and Description

A decision tree represents the structure of all possible sequences of
decisions and outcomes and provides for cost, value, and probability inputs,
Such trees contain two types of nodes (deocision nodes and chance nodes) and
two types of branches (alternative branches and outcome branches). Emanating
from each decision node is a met of alternative brancheas, each branch repre- :
genting one of the nlternatives avallable for selection at that point of
decision, Each chance node is followed by a set of outcome branches, one
branch for each outcome that may be achieved following that chance node.
Probabilities of occurrence and ;nluel are assigned to each of these out-

comes; costs are amsigned to each decision alternative. (Matheson, Howard,

1968).

Underlying Rationale and Assumptions

Two fundameniul operations, expectation and maximization, arc used to
determine the most economic decision from the tree. At each chance node,

the expected profit is comput-d by summing the probabilitics of each outcome,
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multiplied by the value of that outcome plus expected profit of the node
following that outcome. At each decision node, the expected profit of each
alternative is caloculated as the expected profit of the following node less
the cost of the alternative, The optimum decision is found by maximization
of these values over the set of possible alternatives, i,e., by selecting

the alternative of highest expected profit. (Matheson, Howard, 1968)

History, Including Previous Applications

The concept of trees was developed in the early 1860s as a means of )

evaluating the importance of technological needs and thus facilitating the
allocation of resources. Two early versions were those of Jestice and Easch

(Honeywell s PATTERN) and Linstone (RAND's General Purpose Forces Mission

Analysis). Decision trees have been employed to analyze new product intro-

duction and design for space program planning.

Main Uses

Trees are used nmainly to evaluate alternatives and determine the se-
quences of decisions that should be used to pursue planning goals. Of

particular interest to Corps planners is the use of value assignments,
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whereby they can specify values to be attached to the outcomes of a program.
YA value tree is simply a convenient way of showing how the total value of
the project is to be broken down into its component outcomes,” Trees can be
valuable throughout the 1life of a project. Presumably, knowledge of the
costs, probabilities, and values will improve as the project progresses

and changes can be used in the decision process. B8pecifically, the tree

can be used to present the overall structure of a program and the factors

relevant to the project decisions.

Limits and Cautions to I1ts Use

Planners should be aware of the fact that trecs arc: complex, static
and unable to treat interactions, amd inherently biased toward qualitative
needs. A characteristic of trees is their complexity. They are designed
on a hierarchy scheme and by the sixth level planners may well be faced with

several hundred primary systems. At the next level there arc likely to
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be several thousand subsystems. Also, trees are static and do not deal with
interactions which may produce counterintuitive effects of major significance.
Possibly simulation and interaction models should be used in combination with
the trees to check and recalculate values., 'Moreover, trees are inherently
weak in dealing with tradeoff situations, conflicting goals, and negative
effects, (Linstone, 1978) The possibility that "'more of the same' might
satisfy a need as well as an innovative system is ignored, While this
approach is understandable for some users, many Corps problems must deal with
quantitative rather than qualitative deficiencies. Energy and food shortages,
excessive pollution and the environment and allocation of resources are all
problems bocause of quantitative inadequacies, There is another important
ocaution with regard to the assigmment of weights and probabilities, 1In
dealing with concepts such as energy supply needs and environmental quality,
the numbexrs assigned would be significantly different from the view point

of different stakeholder groups. In fact, many Corps problems assume their
particular form largely because different stakeholder groups perceive the
goal priorities differently, and the subsequent conflict is part of what

must be worked out,

Other Techniques for Doing the Same Job

Decision matrices and mission flow diagrams and various applications
of pert charts may be used to lay out the critical paths and decision points
in a planning project. To evaluate alternative solutions, planners mny also
look to the fields of systems analysis and operations rescarch and employ
such tools as simulation, optimization, linecar programming, and alternative

futures.

Procedure

Decision trees are the heart of the model in what is described as the
decision analysis cycle., There are thred sequential phases in the procedurc:
the deterministic phase, the probabilistic phase, and the informational phase,

In each of these phases there is a modeling and analysis task. After
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completion of these three phases a decision must be made to either ACT or
GATHER NEW INFORMATION and repeat the cycle. The detemministic phase 1ia
espentinlly a systems analysis of the problem, The modeling involves
bounding decisions, identifying alternatives, establishing outoomes, se-
lecting variables and creating models of structure, value and preference.

The analysis involves measuring sensitivity,

The probabilistic phase determines the uncartainty in value and worth.
Modeling here invoives encoding uncertainty and risk perference and the

analysis involveas measuring stochastic and risk sensitivity,

The fundamental idea in the informational phase is thot of placing a
nonetary value on additional infommation. The analysis in this phase ia a

measure of . conomic mensitivity,

Product or Results

The finul tree represents the logical flow of decisions and alternatives
from originatien to completion oi realization of some prespecified goal., As
was mentioned before, it can become a working dooument of a project illus-
ti'ating the decisiona and probabilities assoclated with alternative paths.
Ideally, it can serve to focus attention on issues of major concern or pro=
vide 2 means of identifying areas of critical weaknesses. If the treaes were
not so complex and the procedure could be designed for lay people, then
possibly the results from one stakcholder group could be compared to another

group and a path of resolution achieved (maybe?)

Form of Output and Level of Detail

The output of n decision tree is a map that gruphically 1llustratos the
route between decision nodes and chance nudes to el ther success or failurc
torminal nodes. Tho staote of the project at cach node is specified and the
expectod profit, cash flow, and probability that the branch will be taken is
olso shown, These trces can he EXTREMELY detailed. The output from onc pro-~

Ject could casily paper any Corpas office, However these complex treves can be
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sumaarized into rather broad aggregate value trees showing how the total
value of the project is to be broken down into itas component outcomes.

Level of Confidence of Repults

Confidence in this technique varies widely and is not necessarily related
to the level of effort expended. On the other hand, as was stated earlier,
treos presont a static piocture and cannot handle interactions, Decision
theory is typically invoked where complexity, costs, risks, and potential
benefits are large and/or oritical, In such situations, heavy reliance
may necessarily be placed on the methods used, Confidence levels are high
IF the technology is sufficiently well identified, potential applications
are available, and needs priorities for potential applications cun be

estimated,

Communicability of Results

Completion of a decision tree provides the visual aid to facilitate
vommunication, Value trees can be prepared to summarize the overall results,

while the detailed tree is available for those who wish to take the time to
follow individusl paths.

Credibility of Results to Critics

In instances where the tree is used to chart out alternative paths
for a specific goal and where weights and probabilities are assigned from
o unique viewpoint, namely the official stance of the controlling agency,
the credibility is high and rolfl mainly upon the availability of data and
the experience and knowledge of the developers. However, when the tree is
utilized to focus on critical societal issues, there is apt to be a broad
range of acceptability depending on the viewpoints of the stakeholders in-
volved and hov the tradeoffs concerning inequities and efficiency are
handlad,
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8 Span of Forecast

While the forecast horizon may be "dateless'" (decision sequences
concidered apart from time intervals required for each item) or date by
i oumulative comsiderations apart from time interval estimate of times re-
b ’ quired to complete each mtep in mequence, the usual applications have been

! medium range forvcasts (8 to 10 years).

e Resources Needed to Use Technigue

This technique requires a skilled, experienced leader, computational
assistnnce (in terms of a computer program and access to a computer), nnd

an experienced team of experts chosen for their skills in the various fields

relevant to the problem under investigation. The development of any minimally

useful output is relatively expensive requiring from several months to a year §

\
1 of effort and costing in the tens of thousands of dollars, Aé
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NORMEX FORECASTING

Abstract

Normeéx forecasting i# so called becausme it combines normative fore-
casting (i,e,, need or market-oriented) with exploratory forecasting (i.c.,
extrapolation of trends) to arrive at market forecasts said to he superior
to results from either normétive or exploratory approaches alone, At pre-
sent, the method is applied chiefly to markets for technology-intensive
products and survices, A major advantage of the technique is that it
provides a measure of the uncertuinty asmsociated with the forecast. The

method is coetly to apply but its sophistication justifies the cost in

many circumstances,

Definition

Because this approach applies exploratory (trend extrapolation)
techniques to obtain a normative (that is, need or market-demand oriented)
type ot forecast, the technique is termed '"'normex." The central idea is
to obtain improved estimates of future market demand for technology-
intensive products by relating the characteristics of the marketplace to

technologlicul performance parameterw. This relationship 18 expremsed

in mathematical toerms,

The rationale of the method is that both technological and social-

economic environments affeot marliet demand. The usual extrapolations
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of advances in technological pirametars affecting progress in a technical
field occur in the context of a specific sociological and economic environ-
ment. Trends in both areas interact. Therefore, it makes sense to quantify

this interaction as fully ams possible 1into a "normex' forecast.

* History

The tochnique was developed in the very late 1860s, Some areas to

whiclh it has been applied are jet engines and the computer memory market,

The technique--especially with respect to its mathematical procedures--is

still undergoing development,

Main Uses

v £k

To date normex forecasting appears to be confined to the area of

future markets for high-technology products andgerviccsgeliowever, the

methodology is general and should be applicable to products whose sales

F depend primarily on other characteristics such as marketing, advertising
4 budgets, production, and mo on, provided that the product's sales are
related to the correct parameters, Through its ability to forecast both
the mean and variance associated with future technological performance

] parameters, the normex technique provides the capability for evaluating

‘ the level of undertainty associated with a forecast, and hence a measure

of the extelt of possible error is presented along with the forecast,

F The principal advantages of the technique are as follows:

g 1, The results give an indication of the technical requirements
] for future product designs and can serve to establish goals
A

it 87




[:
3
o
b

and priorities for future rouenrch'progrnml necessary to achieve
the technology requirements demanded by the market in a speci-
fied future time period,

2, The tééhique can indicate markut oriented trade-offm bhetween
technological performance parameters and can serve to indicate
the desired interface between technological capability and
market demand,

3. The normex technique produces an evaluation of both the meah
and the variance of technological parameter forecasts and

thereby provides a clear indication of the uncertainty associated

with future forecasts,

Limits and Cautions

Normex forecasts are based on the assumption that currently exist-
ing trends will continue in the future, To the extent Lhat this hypo-
thesis is invalid, error will be introduced, Also, the normex technique
i3 predicated on the assumption that there is a strong relationship
between a product's sales potential and its technological performance
parameters; that is, its application (within the context of its current
formulation) 18 largely restricted to techhologically intensive products,

In general, it would appear that forecamt errors would be minimized
by making a8 number of different individual forecasts utilizing many

different analytical techniques applicable to the same time period and

basing the final forecast on those forecasts having the greatest degree
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of internal consistency. It would appear that the normex technique
would be most useful in this context; that 13, it should serve as an
adjunct to existing forecasting techniques to provide useful consistency

checks.

‘Other Techniques

A similar but less sophisticated forecast could be derived by (1)
making a forecast of techhological developments in the conventional
fashion, (2) forecust social, economic, and other market factors, using
conventional techniques, and (3) do a cross=-impact and sensitivity
anaf&sis between the two, thus, arriving at a '"poor man's normex

forecast,"

Procedures

An outline of the five steps involved in making a normex forecast

of jet engine characteristics reveals the basic procedures of the
technique:

I, Historical data were asscmbled on unnﬁal world uales and on tho
technological performance characteristics of the products which
contributed to annual sales,

2, Tor selected years, histograms were constructed of the frequency
distributions of sales as functions of engine performance

parameters,
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3. For each of the above histograms, cumulative frequency plots
were constructed on lognormal probability paper and the mean
and standard deviation of the underlying normal distribution
were estimated graphically.

4, Values of the mean and standard deviation of the underlying
normal distributions as determined for the selected years
were plotted versus time and extrapolated into the future.
Similar plots were constructed of mannual unit sales and were

also extrapolated into the future,

ta

Using the extrapolated values obtained above in Step 4, along
with extrapolated values of future world sales obtained above
in Step 1, frequency distributions of sales as a function of

technological performance parameters were calculated utilizing

Equation (3) for future years of interest.

Product or Result

Forecast conclusions are usually supported by large numbers of
graphs showing historical and projected of compohents on which the fore-
cast i8s based. Data are also provided on uncertainty on the forecast,
usually in mathematical form. The basic forecasting model in a key

product.
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lavel of Detail of Results

Results tend to be supported by detailed series, The end forecast

itself 18 a lump-sum kind of product,

Level of Confidence

Problems affecting the level of confidence in normex results
are cited in the "Limits and Cautions” section, Confidence levels

necessarily depend greatly on the subject being forecast, its span in

time, the richness of data on components, the perfection of fit between

model and data, and other factors,

Communicability of Results

The methodology i3 distinctly technical and complex and requires an
expert's knowledge of the field being forecast to be fully appreciated,

The "lump-sum’ forecast conclusion, on the other hand. ip ea@ily com-

municated.

Credibility of Results to Critics

The technique is sophisticated and, within acknowledged limits, is

prnbably at leanst as credible to critica as competing techniques,

Span nf Forecasts

From short to ag far shead as technol~ngical advance cah reasonably

be forecast. In new, fast-changing fields the outermost limits might be

ten to fifteen years; for massive, slow-developing areas (e,g, rail or

water transport) the time horizon may extend to fifty or more years,
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Resources
Normex forecasting requires (1) experts in the technology under

study, (2) input from economists, sociologists, and marketers familiar

with use patcerns of the product, (3) statisticians or mathematicians,
and (4) people acquainted with the requtimentl of long range corporate ,
planning so as to assure the forecast is framed in operationally use-
ful forms.
In general, normex forecasting is expensive and time consuming,

exact requirements depending on the topic under study.
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POLICY CAPTURE

Abgtract

Capturing the policy of an individual involves building a model which,
given the same information the individual has, will accurately reproduce his
Judgments. The goal is not simply to predict or reproduce judgments accurately,
rather policy capture seeks to generate some descriptions of the judgment be-
hav;or which are helpful in identifying characteristic differences between in-
dividuals. It is felt that the judgmental process can be described nathema=
tically with a reasonable amount of success. The technique has greatest Corps
application 'wn the areas of public participation and evaluating the tradeoffs

among variou ..

Definition

In gegarnl torms, capturing a person's judgment policy means congtructing
a mathematical description of that policy which can be used both to predict
future judgments and understand them. From the viewpoint of social judgment
theory, judgment assigns weights to the various dimensions of the problem,

assigne different value functions to different dimensions of the problem,

organizes the information according to some principle, and does all this

with a reasonable amount of cognitive control. (Hammond, 1874) The technique
relies upon individual judgments and linear regression to compute explicitly
the relative importance assigned to different variables (cues) in a problem
based upon the ossigned preferences for different solution scenarios for a

problem.

Differences in judgment are a major source of conflict and misunder-
standing. The best, and perhaps the only, way to obtain an accurate des-

cription of judgment policy is through an empgrical analysis of actual
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judgments. Mathematical analyses of judgments can exhibit and clarify the
differing policies that are the causes of differing judgments. Showing pecple
that conflict is the result of honest differences in judgment policy, rather

than competing self interests, increases understanding and promotes conditions
favorable to conflict reduction and management, if not conflict resolution.

(Stewart, 1973)

; History

Policy capturing technique was developed by Dr. Kenneth Hammond in the
early 1970's at the Institute of Behavioral Science, University of Colorado,
Boulder, Colorado, It is bamed on earlier concepts of judgment theory by
Tolmen and Brunswik (1938).

Poliocy capture has been applied in the areas of the public sector for:
policy analysis, government planning, citizen participation, community goals,
and land use nllocation, In the private sector, applications include: award

of loans, forecasting interest rates, business promotions, and confliot reso~

lution in labor management,

Main Usos

The procedures are flexiblc enough to be useful for a wide variety of
problems. The analysis may be carried out in any dejired degree of depth,
from o limited study (i.e., allocation funds among five categories) to an
extensive study involving a variety of procedures and objectives, The major
contributions are that it externalizes the decision process, gives an objective
basis for communicntion between decision-makers and provides a model for ro-
petitive decisions. Policy capture can be an effective means of including
both individunl citizens and represcntatives from stakcholder groups into
the planning process. It is an exccllont public participation tool for it
nllows citizens to make judgments about combinations of goals and evaluate

tradeofis.
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Limits and Cautions

There are three general cautions or pitfalls associated with policy
capturc procedurc, Firast it is difficult to select appropriate cues and
the form in which they are presented is very important. Second, due to time
constraints, it is difficult to involve high level decision-makers. Those
people involved must be interested (take it meriously), repeat the process
several times and be roperly guided. Finally, the use of linear regression

has drawbacks for such analyses,

With respect to public participation, it is difficult to predict the
"typical' member of an interest group since all members have different judg-
ment policies, It must also be emphasized that to predict judgments is not
to predict behavior. Judgments of citizens are important bocnulo‘thay re=~
flect values and beliecls about what should be, They also indioate public
accoptonce or rejection but they do not predict the consequences of alterna-

tive policies,

Procedure

The following procedure wam designed to allow citizens to exercise their
Jjudgment about planning alternatives and provide useful information for

planners. Six steps are required.

1, Define the problem arca of interest.
2, Identify the important dimensions of the problem,

Note: Bo inclusive, citizens should participate, and describe in
nontechnical temms. '

3, Construct n number of alternntives each consisting of different
combinations of lovels of the dimensions - be realistic.

4, Obtain judgments of euch alternative from a sample of citizens
and f£rom plonners and elected officials.

5. Compute each person's weights and function forms for the dimensions
through statistical onalysis of judgments (multiple regrcssion and
nnd cluster analysis),

G. Use the information - discussion mechanism or for further analysis.
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Product. or Results

Policy capture makes explicit the priorities and trudeoffs among goalg.
The techunique can reveal the relative importance of community goals as well
as the diversity of citizen views. It indicates what cues (dimensions) were
actually used by the "decision-maker’ and what importance (weight) was placed
on the cues that were used. Precise calculation of the amount of increase
in category X needed to exactly compensate for a given decrease in category
Y is possible. Furthermore, the discovery of curvilinear function forms im-
plies that tradeoffs would not be constant across all levels of spending.
For example, the fact that tradeoffs among spending categories vary with
levels of spending would almost certainly not emerge in public hearings or
in written budget recommendations, y° this fact may be of great importance
in making budget decisions. (Stewart, Gelberd, 19873)

Output: Form and Level of Detail

There are two types of results from a policy analysis; participant
feedback graphics (illustrating weights and funotions) and numerical compu-
tations from the regression and cluster analysis, The graphs indicate the
rclative importance of cach dimension of the problem to the person in moking
his judgments. Lorge weights (in the form of baxr charts) ind'cate a large
effect on Jjudgments of desirability. Small weights indicate relative in-
difference. Functions (illustrated as plots) show the form of the relation-

ship between the information used to make judgments and the judgments.

Level of Confidence of Results

The predictive anccuracy is extremely high. Mathematical policy cap-
turing techniques con predict the judgments of the interest group members
with an accuracy (corrclation) ranging from 0.71 to 0.94 with a median of
0.81, Work by Stewart and Steinmonn with consistcncy and reliability of
the desirabllity judgments, indicates that the method is appropriate for
it large proportion of interviewed people (sample mize 173), (Stewart,

Gelberd, 1973) Almo, the resulte of o number of studies indicate that
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when ''judges” arc shown descriptions of the judgment policies of interest
group members, in teims of weights and function forms, then their ability
t0 predict the judgment of others increases dramatically. 1In short, it is
felt that policy capturing procedures can be used effectively to increase

uwnderstanding. (Hammond, 1971).

Communicability of Results

This information is in a precise numerical form which can be presented
graphically, is easily understood, and can be used in further analysis.
The relative importance of the various problem dimensions, and the trade-
offs among them are made explicit. The analysis applies whether tradeoffs
are constant or vary with levels of dimensions, This approach can result
in a significant improvement in the quality and utility of citizen input.
(Stewart, Gelberd, 1873)

Resourcéds Needed

Besides an analyst or skilled user, the people requirements are:
decision-makers who can make decisions (judgments) under various sets

of conditions, The types of Jhdgmentl are:

binary--yes or no/accept or reject
continuous--on some scale, e.g., 1-10 where 1 indicates very
undersirable and 10 indicates very desirable, and

rank order

Computational backup is required to perform a multiple regression. More
elabornte computer techniques are available and are discussed under dis-

cusscd under special comments.
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Special Comments

The full potential of judgment policy capturing can be realized with
the aid of an interactive computer graphics device. Such s device makes
it possible to analyze the judgment policies of one or more people and to
display the results immediately, The terminals have been located in public
places (shopping centers, library, retirement homes, atc.) for citizens to
record thoir judgments and receive immediate feedback, The program operates
with an incxpensive, computer terminal linked by telephone to a large time-

sharing nctwork., The program, and user manual, Policy II, are available for

Corps uso.

98

R T L T s T T a sy L g

hed-dr ——
L R TP Y

e, b e




GAMES

Abstract

A simulation game is an activity among two or more decisionmakers playing
assigned roles seeking io achieve role-related objectives Ln some limiting
context. Games as tools have grown out of military strategic planning (119.,
war games) to be applied in many other areas of decision-making. They facilitate
learning about the subtle consequences of actions, the development of scensrios
and the assessment of policy options. Games, like other models, are limited

by their ability to be sutficiently inclusive., They can be expensive to de-

velop and run, Unique skills are required to develop and manage game3d,

Definition

Games are a form of simulation in which a model of reality is created,

decisions on action options are made by people playing specified roles, and
the outcomes of the decisions are experienced. It is the role playing which
distinguishes games most clearly from other forme of simulation (e.g,, Bystem

dynamics). Games as simulation involve the intellectual process of model

building but go beyond that to include action in the form of participation.

T T ST, T PSPy 200 4 TS -

Good decision-making gemes combine the analytical, rational, technical point
of view with the intuitive, artistic, sent-of—the-ﬁants experience of decision-

making in the real world,

History

Serious use of games can be traced back to war ganos in which battle
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situations were simulated not only to gain experience, but, equally impoctant,
to test new strategies and tactics. More recently (in the 18508) strategic
planners in both the State and Dnfense Departments began to develop and use
games, The sixties saw games spread to use in education, all levels of public
policy making, and even to business. Companies, like Similie II, have been

started to develop such games,

Main Uses

Games find their main use as an educationul tool, a scenurio generator and
as & policy evaluation device., While cognitive loarning sbout policy situations
is relatively ¢asy to come by, the affective dimeﬁlton--the feel for how it
really i8 from a variety of points of view-~is not so accessible. Cames can
be useful in providing this feel for the more subtle higher~order consequences
of contemplated actions,

Through multiple Lterations of a particular game one can devise alternative
scenarios for the situation under study., This ias done by modifying some of
the variables (e.g., initial assumptions, timing, roles, etc.) on cach of the
runs.

Combining these two, one ¢an evaluate alternatives in terms of Lhelr
direct effects as seen through scenarios as well as the more subtle consequences

ams experienced from the permpective of a particular role,

Limits und Cautions

As with other forms of modeling, there 18 an very important caution to be

aware of: no model 18 ever complete, [Important factors must be lefl out,
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Reality is much more complex than our ability to model it cen match. In
gaming this deficit sometimes takes the form of important actors being left out
either through lack of awareness or lack of resources.
While games can be obtained that are already developed, policy making in
particular situationa usually calls for a unique game to be designed, This
can be an expensive and time-consuming process. Ideally, the participants
in a game will be those directly involved in the decisions to be made. BSince
a game often takes peveral days to play this, too, can be expensive. The
usefulncas of a game also depends on the ability of the participants to "act"
a role. For some this can be a very difficult and uncomfortable experience.
In this sense a game is also dependent on a high quality of interpersonal rela-

tionships and requires a skillful leader.

Procedures

As noted earlier, games can be obtained in packaged form (e.g., Walrus,
} Nexvus, Neverland, Fedarism, Star Power, Simsoc, etc.). If no such game is
sultable then one must be designed. This involves developing a model of the

situation, including the key actors, determining the rules of play, and the

methods of evaluation of results, Materials for the game must be prepared and

h the participants selected and usually given some advance preparation. The
3 play of the game usually involves several rounds of play, each round simulating f
time in a compressed form (e.g., otie round equals one year). The play often

stretehes out over several days, Finally the results must be evaluated.
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Products or Results

ithe st

There are three main results, First is the learning of the participants,

The second, more concrete outputs, are alternative scenarios of the development

of the simulated situation generated through the play of the game. These can

be viewed as forecasts of alternative outcomes., These forecasts include a

particularly useful dimension in that they usually incorporate the softer,

non~quanti fiable variables, The third result is the actual evaluation of

alternative actions,

Resources Needed

Games can demand significant resources if properly carried out. The

designing of a game takes considerable time and unique skillas--it may often

reguire an outside consultant, If high~level participants are involved in the

ptay of the game their time can be quite expensive, Managing the play of the

game usually requires a highly trained leader.
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CONTEXTUAL MAPPING

Abstract

Contextual mapping is a technique for ldentifying plausible sequences
of development in a given field, and for relating these sequences to potential
further developments of particular interest. It has been used largely in
technological forecasting applications, although it holds promise in other
fields as well. The method is at least as useful for provoking imaginative
yet systematic conjecture as it is for predicting actual future developments.
Its use requires experienced experts familiar both with the method and with

.

the topic nf inquiry,.

Definition

Contextual mapping was developed for technological forecasting purposes,
and is still used largely in that field, although its use for societal, economic,
and other forecasts has been suggested, The principle 18 simple, although its
application is often difficult: Any given sequence of assumed technologizal
development will muke possible certain further developments. One therefore
can specify any development sequence desired and, from it, try to discover
what further developments would thereby be enabled and encouraged. Or--to apply
the samec principle the other way round--one can specify some future technologi-
cal development of interest and, working backward, try to discover how many
different sequences of preceding techroslogical development could lead up to the
development of interest., EXAMPLEB: 1) One might specify one or more sequence

of future develoupments in solid-state circultry and, for each, explore what
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devices or systems might be invented or diffused on the basis of the new tech-
nological capabilities assumed. 2) One might specify some generally desirable
features for a new high-speed ground transportation system. On the basis of
those specifications, one could then try to estimate how many different se~
quences of RDTLE could enable the development of such a system.

The method assumes that current technological developments will evolve in
foreseeable directions. It is assumed that logical, plausible new "clusters"
of emerging technological capabilities can be foreseen., It is assumed that the
uses to which new technological clusters might be put can be foreseen, It is
assumed that future technology-responsive needs can be foreseen, and can be
related to emergent sequences of technological developments. It is assumed
that the preceding capacities can be seen far enough ahead in sufficient detail
to make contextual mapping a profitable investment in support of research

and product planning, caplital budgeting, etc.

History

Jantsch informs us that RAND Corporation used the earliest versions of

contextual mapping in the late 19408 to forecast the best engine-airframe

combinations for U,.S, strategic bombers of the 1950s and 18608, Fairchild
Semiconductor relied heavily on contextual mapping in timing its highly suc-
cessful entry into the integrated circuits field. Many other specific applica-

tions, past and current, can be readily found in the literature,

Main Uses

A4 mentioned, contextual mapping has been used largely for technological
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forecasting applications, Donald Pyke, however, reports that TRW has used a
modified version of the approach for product planning purposes which considers
many non-~technological factors, including political, social, cultural, ethical,
and ecological considerationa, TRW's multilevel map also is tied to a specific
time horizon, whereas earlier versions ﬁave emphasized date-free sequential

maps.

Limits and Cautions

Contextual mapping requires 315235 that its use be limited to topics--
e.g., technological development--about which firm estimates can be made or
that it be used only to provoke imaginative thought (not predictive forecasts
relied upon for decisions), In either case, the technique requires experts
well experienced in the topics at hand who also understand the strengths qnd
limits of the method. In many cases, topic focus must be rather narrow in
order to use the method within the limits of available time, manpower, and

resources,

Other Techniques

Depending on the topic of interest, multiple-regression correlation ot
trend curves, scenarios of various msorts, and simulation models might yield

comparable results.

Product or Result

‘The product is one or a series of graphic displays (''maps’) depicting

sequential events {with or without associated dates). The maps also may
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; indicate what further outcomes a given sequence might be expected to yield.

Map data is tied to support documents showing data sources, assumptions made,

i
i
ﬁ.. calculations performed, etc.

Level of Detail of Resultis

HP T L O
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Where extensive data and information is available about the current develop~-
ments projected, logical inferences about future developments can plausibly be

drawn in great detail. Where such data and information is lacking, details

inferred should be regarded with extreme caution but may still be useful to

stimulate imaginative conjecture.

2 B s s sl

Level of Confidence of Results

Confidence levels associated with this method are determined by the level

of confidence placed in the intelligence, experience, and judgment of the se

who apply it. Selection of sequences, identification of potential further out-

comes, timing estimates~-every major facet of the method hinges on the caliber

of judgmental decisions.

Communicability of Results

Where the topic {s sufficlently narrow and only a few well-understood

sequences arc explored, results can be communicated effcctively to persons

e s

having varied backgrounds and levels of training and experience. Where sig-
nificant complexities must be assessed, sustained and concentrated attcntlon
is required to convey results, cven between persons experienced in using the

method,
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Credibility of Results to Critics

1 presented as a forecast of some possibilities, results frem the methed

will generally be accepted as credible. If offered as a forecast of the most

probable actualities, results are properly open to criticimm, since a different

set of judgmental decisions at critical points would yield substantially dif- %
3

ferent results, %
Span of Forecast %
Typicul time spans with this wmethod vary between & few years and a few '%
decades, largely dependent on the mormal innovation cycle lemgth in a given %

scetor of activity,

e R i TS et

Resources Needed

The principal resource required is ene or more perasons trained and ex-
perienced in the technique, Curront state-of-the-art data and information is
%‘ usually needed in some detmil, and in typical applications is already available
3 nnd necd only be compiled. A few man-months to a few man-years for a period

of many weeks to several months may be required to complete wne mapping sequence,
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RISK ANALYSIS i

Abstract 3

Risk analysis uses probability and statistics to generate estimates 3
about the risks of system failure when experience is insufficient to pro- k-
vide such estimates from experience, The method is particularly useful B
for systems such as space vehicles or nuclear power plants where the

system must be made reliable without waiting for failure experience. -

Definition

%? Risk analysis is the systematic consideration by probabilistic ;
%; muthods of component risks in large systems, By combining component i’
E?l risks in logicul ways, an overall etuivalent risk can be derived, Tech= ?
g, niques used include "event trees" (alternative courses of events that _ﬁ

can be triggered by an initial event) and "fault trees' (successive serial L

or parallel fault combinations leading to specific failures), G

Hiutorz

The early history of risk analysis started before World War II

T

G

T vy

with the works of Von Ncumann and Morgenstern on Game Theory and of

Savage and others on Statistical Decision Theory, Numerous practical

- -

applicatiuns began to be developod during World War II in military
operations rescurch; and efter the wor, in such commercial ficlds as
statistical quality control and clectronic reliability., Fault tree
analysis is more reccat; it is an outgrowth of Bell Telephone Laboratory

work on Minuteman dcvelopments during the 60's,

T T A R T R e T
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Most recently, risk anplysis has been extended to environmental

dtudies of ccosystems and to the estimation of hazards from large tech=

nological systems. For exsmple, the 1974 "Rasmussen Report” to the

i
jf *Atomic Energy Commission on hazards from nuclear electric plants (and
b ' from other hazards, such as dem failures, airplane crashes, meteorite

) impacts, and toxic material spills) s based -on very detailed fault

;
9 tree analyses,

'
b Main Uscs

The main uscs for thils technique are for system implomentation
decisions for which inndeguate cdata {8 available to ossesns the risks

Risk analysis generates and interprates such data so that

of failure,
These estimotes are then used

better eatimntes of risk can be derived,

ag lnputs for such decidgions asi (a) should the system be implemented,

or if already operating, should it be continued, (b) whant snfeguards

are needed, and (¢) what further information is nceded in order to

4
decide on implementation of the system or its safeguards?

To justify m [ull=fledged risk analysis, the system uhder roview

generally will involve extreme potential hazards, as in the case of

nuclear power plants, Or it may he of a naturc that requireas high

a8 in aerospoce

reliability for successful porformance of its mission,
it may simply involve such expensive altor=

applications, Or, finally,
natives thut the effort of formal analysis is considered worthwhile,

e ey .

For cxample, decisions about whether or not to pursue corporate lawsuits
i3
. have used risk analysis methods,
The optimum benefits of risk nnoalysis con be realized when the
y system under review has numetrous components that are clearly identi=

fiable and operate relotively indepondently, However, if the system j

is too large or interacts too extensively, the solution becomes .

impossaibly complex.
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Data available should be good for the individual components so that
acecurate fault trces can be structured, but data on operation of the
gystem as a whole will generally he inadequate or nonexistent, (If
-such overall cxpetrience data were available, it would be both cheaper

and more reliable to use than a risk enalysis.)

Limits and Cautions

A risk analysis requircs a great deal of detailed data about the
system being investigated, ond this datn must be integrated into a
logical, ecnhesive peckage that accurately reflects tihe cause-effect
relationships and intersctions in the system, Even after a carcful
risk analysis has been completed, a residual uncertainty always remains

about whether significant hazard paths may have been missed,

Furthermore, reasonably good data on both the probabilities and
the conscquences of failure must be available for all of the significant
components of the system, "The snalysis is only as strong as its weak=

est link."

Because component relationships are so crucial to the wunalysis,

only "one=timc" systems, such as expendable space boosters or missiles

and "stutic" systems whose componcnt relationships are stable (such as
river systems, powcr systems, or nuclear-clcctric plants), can be con=
veniently handled, "Dynamic" systems, such as urban development, military
forces, or investment portfolios, are not very amenable to risk unalysis
methods; and cven for static systems, correct assumptions have to be bullt
in about the degree of malntenance, system load, manngement sklll, and

other quasi-dynamic consjdoerations,

Also, component rclationships must be cxpressible in logical terms,
which generally roquires that outcomes be of an "eithur-or" noture rather
than cover a full spectrum of possible cndpoints, This limits the rich=

nesy of variation in deriving overall solutions.
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Finally, the overall risk outcomes must be expressible in terms of
< some simple set of outcomes, such as expucted money loss or life loss,
& Risk analysis docs not dircctly provide a very wide range of information

on the total impacts of a particular risk,

Other technigues

Risk unulysis differs from tlhice more conventional techniques of

, actuarial analysis that are used in the insurunce industry because it
ﬁ, uses induetive methods to arrive at an overall risk on the basis of
ﬁ?' dota about the constituent components; whercas, actuarial analyais
uses deductive methods to determine individual risks from known com=

piarable past experiences,

Both, of course, are closely related to the statistical decision
theory und to statistics ond probability in general., Risk analysis
utilizey logical concepts from Boolcan algebra and sct theory to
formulate event trees, fault trees, and decision trees, Its proba-

bilistic modols use concepts of statimtical inference, both "Bayesian"

(subjective) and "non-Baycsian” (objective), and of stochastic '"random

walks" to combine data.

"Failurce anualysis" is another closcly associated technique used 3
to exmmine questions of reliability, time before failure, ete., but

] without use of the event tree or failure tree model,

Procedurcs

The "tree” method of analysis requires that an "evemt tree' be

e e a

cullstructed to show the coursce of cvents that can happen following n
specific type of Lnitial failurc celled the "initisting event”". The

posiible failure of various protective devices or depesdent components
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will thus form ma branching network of possible accident sequences, A

particular sequonce is called an "event path”,

A "fault tree" is constructed similarly, except that it uses a
somewhat more complex logic to describe the probabilities of a given

fault leading to various consequence types and severities,
Results

The result of "trec" analysecs is in the form of a branching proba=
bility network, knownh as the "extcnsive" form. The extensive probabilie
ties can be reduced to an equivalent single outcome or "normal" form,
Equally important are to account for the necessary qualifications and

assunptions surroundipg the quantitative work.
»
Resources

The most distinctive requirement for risk snalysis is8 to find experts
with a sophisticated understanding of the logic, dota needs, and limita=
tions of the method mo that the problem can be formulated in a meaningful

yet feasible way, Technical experts, such as engincers, scicntists, and

operators of the system under revicew, are nlso necessary to assure that
the cvent paths are realistic und as comprehensive as possible. [From a
practical stundpoint, perhaps the most difficult inputs ;o find arc
detailed data on component failurc rates and consuqucncéa. Risk analyscs
are often most vulnerable to criticiesm on the bagils that their tnput
probability estimates arc too uncertain to be of value [or analysis,

A fourth required resource, casy to.obtain in this computer nge, is the
cialeulating capability to curry through the laborious culculations of

an extensive fault tree analysis, Stondard computer progrums are avail= i

able for this tuslk,




Comment

Risk analysis is a natural extension of the engincering approach
to problem~solving, and has the advantages and disadvantages that can
be expected in that approach, The major advantage is that risk analysis
utilizes to the utmost the type of reliability data that may be avallable
on the components of a system, It combines such data in a loglcal and
formal manner to derive a quantitative conclusion about the reliability
of the overall system, Its major disadvantages are its dependehce on
(a) reliable data about the components, and (b) the logic of its assump=
tions about compouent interrclationships and the operating environment
of the system. When these inputs are incomplete or incorrect, the over=

all credibility of the method becomes suspect.
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RINEION FLOW DIAGRANMS

w

i' Abstract
gu I
3, Mission flow diagrame are a sephisticated, detailed, costly method of

SR

detulling how o given (usdally large-scalae) mission may best be accomplished,
As such it is a planning and control technique rather more than a forecasting
method. The epproach is useful chiefly in situations where costs, risks, and

difficulties of carrying out a mission can be fairly accurately ansessed.

Definition .
Mission flow diagramming is as much a planuing and control method as it is
n fareceasting method, Weing the method, one specifies in di:tail the mission to
e avcomplished, A sequence of functions or activities necessary to complete
Lhe migsion iy developed. For emch function, u set of existing or attainable
menug 1s upeclified, singly or in various combinations, For each means or com-

binutions of means listed, coats, risks, and difficultires are assessed. On

the baniw af this augessment, normative (goal-mpecific) forecasts are developed,
rhowing what must be done by when if the mission specified is to be completed
in the manner desipnated, EXAMPLE: Martino cites the exumple of planning a

new alrport-to-downtown ground transportation system.

©e e Az e

i The method assiimes that the mission can be clearly specificd, and that 1t
can be carried out with resources which are or will be available as required,
{t is farther assumed that all the most suitable means of performing the mission

cann be fdentd Tled. and that the "best’ (most cost-effective, for instance)
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combination of means can be identified by assessing costs, risks, and diffi-
culties, Farther, it is assumed that the knowledge and resources to develop
selected means which do not yet exist will be adequate to develop those means

be fore they arc needed in performing the miasion,

History

In 1ta simplest form, this is an ancient method going buack at leaut to
when Sumurlian armics planned their campaigns, 1In claborated forms, mission
flow diagrams evolved from World War 1l operations rescarch and the rise of

syatems analysis in the 1940s, 19508, and 1P960s,

Maln Uses
Ay its {itle suggests, the method was developed for and has been used

Lurgely by the military for many years. More recently, NASA and other large

urpanizations exccuting complex, large-scale projects over large areas and

tong time intervals have made good ume of such methods, including the Corps of

pihneers,

Tdmits and Cautions

Mission flow diagramming {8 best used when the miesion requires no innova-
tion, the mission cuvironment is stable, and the flow of resources is assured.
When the environment is unstable or the migsion planners rely on means agso-
cinted with difficultices, uncertainties, or resources boyond their direct

control, caution must be uded in prelying on the method's outputs,
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Other Techniques

Miesion flow diagramming might be regarded as the genceral name for a
family of closely related methods, including CPM, PERT Charting, Decision

Trecs, cote,

Procedures

First the mission is sgpecified, Then a systematic inventory is mande of
the functional sequence regquired to complete the mission, For each functional
sequence an inventory of potential means is made., Any desired number of alterna-
tive combinations of means to complete the functional sequence are identified,
Each combination 18 then assessed in terms of {ts costs, difficulties, risks,
benefits, etc, Finolly, one or a few combinations arce selected for implementa-
tion, w;th one combination designated preferable and the others designated as

back=-ups,

Product or Result

The product is a smeries of flow graphies identifying the functionaul se-
quence reqt'ired to complete the mission. For each sequence, other charts and
suppurting data describe and assess ovnec or more alternative combination of
means which could be used to complete the sequence. Summary graphics and
written data report general procedures followed, findings, recommendations

and (ultimetely) the course of action selected,

Lovel of Detall of Results

Because mission flow diagramming i8 used for project planning, management,

and cvaluation, extensive detailed data (cften regularly updated) is usually
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essential and is provided,

Level of Confidence of Results

- In most instances, mission flow diagramming will be used only i1f there
is confidence that the desired results can and will be attained. Used as a

normative forecast, the diagram represents anticipated results which are con-

fidently expected to be attained,

e e.
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Communicability of Results

For persons acquainted with graphic flow communication methods, mission
flow diagramming conveys its results rapidly and efficiently, at whatever level
of detail is necessary, If the audience is unfamiliar with such methods,

mission flow diagramming may be obascure or even intimidating.

Credibility of Results to Critics

Because it involves typically more certain information and less uncertain

:
i
l," N
i
5
8
3
.

eatimates than other forecasting methods-~especially exploratory methods-~

mission flow diagramming is relatively more credible than many other forcvcasting

4 methods.

Span of Forecasts

Forecast span is decpendent on the scope and schedule of the mission
involved, and may range between a few weeks to several years. As a rule mission

flow forecasting does not extend to thc long range.
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Resources Needed

No special resources are needed which would be unavilable to uanagers of
a typical project large and complex enough to justify the umse of the method.
Time and cost requirements are typically high, but the technique is generally

used only for major projects where stakes also are high.
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SCENARIO WRITING P

.

. Abstract J %
* Bcenario writing is best used to explore possible future conditions, o

given a set of assumptions., Scenario writing is not well suited either to the
making or to the reporting of forecests. The scenario is essentially the -
product of the yarn-spinner's art, For serious purposes, however, the assump-
tions on which the account is based are made explicit. Scenarios have enormous E
power to communicate the sense or feel of situations which do not and may

never exist, a power which is at once an asset and a danger. In a sense,

scenario writing is merel; a softer version of the well-known modeling, simu-

lation, and gaming methods. ' »@

Rt IR T

Definition

Originally, scenario referred to the bare outlines of a script for a f

film or a stage play. As used currently, scenario also refers to an outline
of what might happen, given & set of initial assumptions. Thus a scenario is N
the outline of one conceivable future state of affairs as seen from the
perspective of certain assumptions, While scenario writing is the term in
4 general use, perspective writing is an equally pertinent term if the word
scenario {8 considered unclear or unacceptable,

3l Scenario writing assumes that the major forces or factors which will
determine the future state of a given issue are known and can be specified,
It also assumes that the suther(s) of the sceaario are competent to foresee

which interactions amosg . .rces are most plausible and significent, Bo leng
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as 8 scenario is NOT treated as a forecast, these assumptions are reasonsble.
A scenario writer then becomes nothing more than a plausible yarn-spinner.
¥hen the ascenario I8 treated as a forecast, there is little to support the
validity of the assumptions. History suggests that the future, more often

than not, will surprise us,

History

In the broad sense, stories about what will be hereafter are at least as
old as ancient religious writings. In modern times, such perspective narratives

as George Orwell's 1984 and Aldous Huxley's Brave New World have been powerful

influencas on conjectures about possible futures. It is important to realize,
however, that a scenario may also be a set of numerical projections, based on

stated assumptions. EXAMPLE: The U.8, Economy-=1888 might well be the title

of a scenario consisting of little more than tables of economic, financial,

and manufacturing data.

Main Uses

The most appropriate ume of scenario writing is in the mituation where
it 18 important to get a feel for what could happen, as opposed to a prediction
of what will or may happen, Assume that the Corps of Engineers is suddenly
abolished., How would the U,8, he the same and how would it be different ten,
twenty, thirty years hence? Often it is difficult to get into a society
depicted on the basis of a bare set of assumptions, One needs to play with
how the various assumptions relate to and affect each other. BScenario writing

is excellent in this application,
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Limits and Cautions
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As mentioned above, scenario writing can be misleading and counterproductive
when it is employed or accepted as an account of the most probable future,
rather than as an account of one plausible, conceivable future. Many people
who need to know or are interested in knowing what the future will actually be
like are too eager to impute an unwarranted confidence in a given scenario,
If the yarn-spinner is a skilled craftsman, he may all too easily tap that
"willing suspension of disbelief" which is familiar to us all when we read

a good book, or view an engrossing film.

Other Techniques

The most appropriate use of scenario writing is to explore complex inter-
relations among many factors. In that application, perspective writing is most
closely related to cross-impact analysis, modeling, simulating, and gaming.

In these, too, a major purpose is to learn by experiment, to see how and where

and when one change results in other changes elsewhere.

Procedures

Scenario writing is much more an art or a craft than it is » standardized,
systematic methodology. For that reason, procedure varies greatly from one
application to another. It is fair to observe that scenarios typically are
developed by one or at most by a few persons, rather than by large teams as
may be the case in, say, msurvey research methodologies, It is also generally

required that the scenario writing begin with a vague, overall image of the
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situation he wishes to explore. Om that basis the writer determines which
assumptions he should make, and then selects the nature or the setting of his
assumptions, Past that point, mtatements or components are drafted, reconciled

with others, and redrafted, until the final scenario has heen completed.

Product or Result

The result is a narrative which may be heavily text, largely numerical-
gr‘phtc. or aAJudictoul mixture of both, The extent of the scenario statement
may range firom & few paragraphs to multiple volumes,

A scenario-~-like n model--must be restricted to deal with only a very
few components and interrelations out of many possibilities, The statement
therefore typically contains rich detsail with respect to the important inter-
relations among the few components selected for treatment., Other components

‘and details are often ignored or only touched upon in passing.

Level of Confidence of Results

As emphiavized throughout in this discussion, scenarios are most appro-
priately used to explore possibilities, and not to make or express predictiions
or forecasts, This being the case, the question of confidence in the result
is restricted. The only substantive imsmue concerns whether or not the inter-

relotions described are truly the important ones, and whether they are both

logically and plausibly dealt with in the statement.

Communicnbility of Results

In this regard, scenarios fare very well compared with other methods.

Most people have a great deal experience reading stories, and thus are able

122

© A e S - e iy

oL i35 5




oo AR 0 epy

to deal ensily with cemplex descriptioas of hypethetical future conditions.

Credikility of Results

The isswe here is a familiar one: How credible is this story? Placed
in n literary context, we see at once that credibility of a scenario depends
on s number of factors. There is the reader's familiarity with the subject
matter, There is the writer's experience and level of craft. There are all
the emotional values--accepting and hostile=~which atiach themselves to the
story, Credibility in this case, in short, is largely in the eye of the be-
holder, It is for this reason among many others that s perspective statement's
use is best limited to suggesting and exploring possibilities, rather than to

astimate the probabilities.

Span of Forecasts

As already indicated, scenarios are not well suited to the making or
repo;ting_of forecasts, Setting that aside, they are readily adaptable to
whatever future time-span interval may be needed, After all, narratives can
be and have been written covering micro-seconds at one extreme and many aeons

at the other.

Resources

The primary resources required here are those of the imaginative craftm-
man. The one or few people charged with developing a lceéartn need to immerase
themselves in a rich fund of pertinent information. They need to accept for
exploratory purposes a wide range of exotic and improbable posoibilities. They
need to be sensitive to complex and evasive interrelations, and they must have
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{; the ability to set these forth clearly and compellingly., Ideally, the scenario
#111 incorporate and be based logically on a great desml of valid data about

the current state of pertinent matters.
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SURPRISE~FREE AND CANONICAL PROJECTIONS
)
ﬁ !
3 Abstract
i ’ These terms were introduced by Herman Kahn and Anthony Welner in thedr

1867 book, The Year 2000, The concepts have long been umed in atatistical

analysis., One selects a set of trends believed to describe or characterize

e
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an economy, & society, etc, For each trend, une finds and compiles a

historic data base showing how the trend has varied within a range of

HIE TR

values in the pasmt, This range of variation is then projected into the

s w2

future for some specified period. For selected future dates, one then
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examines the projected values for each trend, and tries to interpret or
describe the state of the economy, etc., as it would be if the projections
represented future actualities. Readers should be particularly careful to

recognize that a projection is not a forecast, until and unless the fore-

caster argues and demonstrates that the projected state also represents

: the mactually expected atate.

befinition

A projection is an extension of one or more present trends to some

future date. It is not necessarily a forecast, since a projection indicates

merely what would be if present trends continue to develop at present rates.
The forecaster can project a mo-called Btandard World by projecting, inter-
i relating, and interpreting a set of trends, If he projects these trends :

according to him best expectations about how they will probably evolve, i
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the result is a surprise-free projection., Sometimes, different

expectations--or several combinations of the same expectations--seem to

R - eat

A T

the forecaster to be equally probable. In this case, he can project each

of these equally likely probability, referring to each set as a canonical

F
Y

projection, with his initial Standard World as his point of refersnce.

R

i
Ei

These approsches assume that the dominant tronds of the present will

R b

also be the dominant trends at some future date, It is agsumed that the

rate and direction of trend evolution can be projscted with acceptable

SERe e

ol

sccuracy. It is assumed that the Standard World is not necessarily a fore-

cast of the actual future, so much as a point of reference indicating what

e

the future as a direct extension of the present might be like, It is
apsumed that no major surprises, breakthroughs, or discontimuities need

be considered, It is assumed that the primary alternative variatioms in

trend developments can be identified and described.

Hiator!

These concepts were introduced and widely diffused by Herman Kahn and
Anthony Weiner in their 1967 work, The Year 2000. S8ince then, these con-

1
| |
,3 cepty have been used essentially unchanged in the thought and writings of

many other futurists,

e e
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Main Uses

Properly used, the Standard World with its Surprise-Free and Canonical

Variations are excellent frameworks for conjecture, The nature, direction,
and extent of variation from present norms can be explored by contrast

with this basic framework. Regretfully, too many forecast readers accept

these projections as forecasts, a critical distinction whieh purveyors of

futurist studies do not always make sufficiently clear. ﬂ

Limits and Cautions

s e B K o

These wers discussed above under "main uses."

PN

le:

Other Techniques

i Essentially, Kshn-Weiner used conventional time-series analysis tech-

12 TR e e,

ﬁ niques. Trend lines or trend curves can be fitted to a wet of data points

o e Bl

by any of many methods. Further, any of many methods may be used to de-
limit the boundaries of the plotted space within which individusl data

points or the trend curve as a whole is fitted, Which techniques are

oS el s e

appropriante and applicable depends upon the phenomena studied, the amount

and quality of historic data available, the degree of exactitude required, etc.

Procedures

Details can be quite elaborate., In concept, one selects the phenomena
; to be plotted, collects historic time-series data, selects and applies one
or more curve-fitting procedures, and interprets the results on the basis

of some set of basic premises.
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Product or Result

In barest form, the product is a set of curves describing the past
and projected variation of some phanomena through & range of possible
values, In fact, these curves usually are accompanied by extensive explan-

atory and interprstive narratives.

Lavel of Detail of Results

The lovel of detall is essentially dependent on the level of detail
reported by the data used in trend-fitting. As used by Kahn=Weiher and
many others, these projections tend to deal with macro-phenomena-=national

population growth rates, ONP, etc,

luvel of Confidence of Results

Confidence in trend projections is determined by two factors: (1) the
extent and quality of historic data used for projection; (2) fundamental
assumptions about the stability or instability of chunge rates for a given
phenomena, 1If a forecaster and his audience believe that the data base im
extensive and reliable and that current change rates will persist indef-
initely, then there will be great confidence in the projections as fore-~
casts. To the extent that there is less confidence in either or both of
these factors, confidence in the relation of the projections to foracasts
will decline, even though in all cases the projections nl‘proJcctionl may

b -y

be equally valid, within the limits of the dats provided.
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Communicability of Results

Graphic trend projections are in most cases an effective way to con-
vey the sense of an extensive array of complex data, To interpret the
projections and to convey that interpretation clearly can be extremely

difficult (see next item),.

Credibility of Results to Critics

Projections of present trends into the future are moat acceptable to
those who are relatively satisfied with the present, and least acceptable
to those who wish to change the status quo. Since projections, as projec-
tions, can gquickly be shown not to be forecasts--they show what would be
the case if there are no fundamental changes--critics attack projections
as deceptive or irrelevant while defenders argue that it is the critics

who must demonatrate why pressnt trends will not persist.

Span of Forecasts

The credible span of a forecast project is determined by the period
of history for which past data is provided. The longer a time series ims,
the more certainly its range of variation can be estimated, and so the

more statistically valid ip its projection into the more distant future.

Resources Nesded

One requires a clear definition of what is to be projected, and a
reliable, valid source of data which cen be shown to relate to the forecast

topic. In most cames, surprise-free projections and canonical variations
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assenble and interpret extant data--e.g., population statisties. 1If

historic research must be done to establish data point, the effert ean
become prohibitively expensive and subject to severe mothodological eriti- . |
cism. %ven when existing data is used, coapilation and inteasive analysis

of large data bases may be too costly to contemplate.

Comments

The reader mnould not be misled by jargon., Surprise-free projections

and canonical projections are colorful words which describe lemg-used pro-

ceduras in coaventional statistical analysis. ]
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MORPHOLOGICAL ANALYSIS

Morphological analysis is desighed to examine nll possible solutions

to a specified problem by juxtaposing the elements of the situation in

every combination. 1t is, in a sense, a comprehensive and systematic type
of cross-impact analysis, The approach has been used most in solving
technological problems. Recently, however, the method has proved excellent
for projeciing alternative futures for a nation, industry, region, area,
etc,, under a variety of explicit assumptions, It is not primarily a
method of forecastling, but is superior t$ any other method for examining

"fans of futures," he comparative likelihood that they will come to pass,

and the specific assumptions that underlie their existence.

Definition

Morphological aaalyeis is a technique for systematically exploring
all possibilitiec within a system, The basic principle involves identifi-
cation of the pectors of u system (v.g., for an internal combusion engine,

svctors would include tuel, materinls of construction, operating atmos-

phere, etc.) and all factors or variants within cach sector (e.g., factors

within the fuel sector would include wood, gasoline, pus, oil, coal,

[}

clectridity, nuclear vnergy, ete.). BSectors and [uctors represent the

morphology or taxonomy of the system, These morphological components

nre next arrvaved in o matrix and all powslble combinations are conslidered
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(e.g., wood fuel with all possible materials of construction and all
possible operative atmospheres, etc.; this is repeated for all other
fuels, etc.,). The purpose, of course, is to uncover useful workable com-

binations that might be overlooked in a less systematic approach,

Hiltorz

In recent times the morphological method was develcped by the late
Fritz Zwicky, a Swiss astronomer who taught at California Institute of
Technology and did much of his work at Mount Wilson and Mount Palomar.
Zwicky used morphological analysis as long ago as 1942 when he was
temporarily engaged in rocket research, In 1981 he established & fooioty
for Morphological Research in Pasadena with himsel? as president. Zwicky
has published a number of books describing the method.

Although formalized by Zwicky, the method is actually ancient, A
mystic Majorcan monk named Ramon Lull devised a "Great Art' diagram in
the late 12008 which employed the technique to molve all problems of philos-
ophy and meg_gphylics. Lull's work was handicapped by lack of a computer.
Descartes and Leibnitz consciously used Lull's technique, as did the
Jesuit Kircher, inventor of the magic lantern.

Its use in generuting a systematic array of alternative futures--that
is, its use in social forecasting--dates from the late 19808 when a group
at Stanford Research Instjitute used the method to develop what they called
the '""field anomaly relaxation method" (FARM) of projecting alternative

futures,
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Main Uses

Morphological analysis is used when comprehensive coverage of an
area is desired, 1t is especially helpful in much-worked areas (like
internal combustion engines) because it forces consideration of combinationg
of elements in a non-traditional context,

In social forecasting, the method is used for generating scenarios
of probable, plausible, possible, and very unlikely futures., It is better
adapted to projecting possible lines of development than to forecasting
per se, It is a method for exploring possibilities, not for forecvasting
what will happen. A particular virtue of the method ig that it fmcilitmtes
exploration of societal consequences of specific assumptions (e.g., what
happens to a region with and without a specified type of waterway).
Basically, the technique is a macro cross~impact device since it’lpecific-
ally requires consideration of interactions among sectors and factors.
It can be applied in the same ways cross-impact analysis is applied.

In other ficlds the method has been used to seek out {resh solutions
to problems in jet engine design, astronomical problems, trunsportation
systems, warhead developments, communication systems, and even 'planetary

engineering."

Limits and Cautions

The successful use of morphological analysis requires thut its user
be nble to judge what ''new" combination of factors are worth probing more

deeplyv, Clearly this is a severe limitation because Lhe essence of blocks
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to many new ideas is incorrect acceptance of the idea that ''it won't work."
S8imilarly, the scenario writer may incorrectly discard a line of social
evolution on grounds that "it doesn't make mense."

Leibnitz and Descnrtes were concerned that morphological approaches
might lead to mechanization of thought. Jonathan Swift expressed this
limit when he described a contrivance invented by a savant of Laputa that
randomly combines letters, in this way "permitting the most ignhorant
person to write books without the least help of genius or study."

A worse problem ig that morphological matrices give rise to astro-
nomical numbers of combinations, A simple morphalogical hox of eight
sectors each with four factors gives rise to 65,836 different combinations,
If each combination requires half an hour to assess for feamibility,

something like 15 man years is needed., Therefore, ms a practical matter,

the too-great-richnegs must be kept in bounds by instructing the computer

t not even to consider combinations defined as clearly imposmsible,
!
-3

Other Techniques

Cross~impact analysis is the principal competing technique, Indeed, i

. bl
) comprehensive and systematic cross-impact analysis is, in fact, morpholngical j
i

analysis. Divcr~rnce !lapping (describcd elsewhere) employs morphclopioal analysise 1

Procedures

In The Morphology of Propulsive Power Zwicky deacribes the procedures

4 of his method in the following terms:
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1., “An exact statement is made of the problem which is to be solved,
For instance, we may wish to study the morphological character
of all modes of ﬁdtton. or of all possible propulsive powver plants,’ 2
telescopes, pumps communication, detection devices, and so on,

N I1f one specific device, method. or system is asked for, the new
methnd immodiately generalizes the inquiry to all possible
devices, methods or systems which provide the answer to a more
generalized request,

It will he found that the task of formulating the initial
statement or definition of the problem on hand is far more
exacting than most investigators not acquainted with the new
method are inclined yo think. In fact, one is hard put to find
in the existing literature satisfactory definitions even of well-
known devices like pumps, stationary power plants, telescopes and

80 on., The exact definition of apparently mimple devices like

injectora will be found to be a momt difficult task and I doubt
whether the combined common sense and sophisticated knawledge

of any group of men would suffice to produce such s definition,

? 2. The exact statement of the problem to be solved, or the precise
definition of the class of devices to be studied will reveal

automatically the important charscteristic parameters on which
the solution of the problem depends. For instance, in the case

of telescopes, some of these parameters are the location of the
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telescope (medium in which it is embedded), the nature of the
aperture A, the recording device R, the nature of the changes
to which the light is subjected from A to'n, the motion of the
telescope, the sequence of operations, etc, The second step
thus involves the study of all of theme significant parameters,
Each parameter pi will be found to possess a number of ki dif-
1 2 K
ferent independent irreducible values pi pi . . . pL .

For instance, the parameter "motion" of a telescope may
1 2 3
have the independent values p . p , p = translation in three
4 (] 2
directions; p , pb. p = rotatory motion; p7. pa. Ve pl -

oscillation in the fipat six mpttonl. etc, 'These matrices are

written in the following scheme:

1 2 k1
(pt”. p0, ... pl ]

1 2 k2
(p2 , p2, .... p2 ]

1 2 kn
[pn . pn . .., pn ]

If one element is encircled in each matrix and all the

circles are connected, every resulting chain of circles reprements
one possible solution of the origi nal problem. The above scheme
of matrices, i{f used to construct an n-dimensional space, leads

to a morpholopical box. The analysis i8 complete if either

or no solution will be found in every drawer of the box.
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It {8 exceedingly essential that up to this potint no quest-
ions be asked as to what value one or the other solution may

. have. 8Such premature curiosity almost always defeats the unbiased

application of the morphological method, However, once all of

" the solutions are inund, one must know theig‘rolntion to any

| given set of adopted performance values,

4, The determination of the performance values of all of the derived
solutions represents the fourth major step in the morphological
analysis, |

Lest one wishes to get lost in an enormous confusion of

details, the performance evalustion must be carried out on a

universal, olthough necessarily msimplified basis. This is not

L
3]

!1w1yl an earny task,
f

."u‘ '
5,* The final step involves the choice of particularly desirable special

U

golutions and their realization.

R Rt S e

The conviction that all solutions can he realized i8 inherent
in morphological thought. 1t may, of course, happen that some

among the many solutions are of a relatively trivial nature, "
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W Product or Result

&,

i

gj When applied to social forecasting, the morphological approach yields
. short~hand descriptions of possible types of societies. These then can

%, be located in time and be strung together into an almost limitless variety
i

%' of scenarios,

b

%" Level of Detalil of Results

ﬁﬁ Results tend to be holistic, impressionistic, and "alive" rather than
&

i

%‘ detailed. The tenhnique is designed to show the overall picture mades by
i

£

NS

the stones of the mesaic, even though the totality is built up,so to

speak, using stones of specified size and color.

Level of Confidence in Results

Variss enormously, depending oh the acceptability of the trends and

combinacions of trends used to define the scenamrio. ,

13

Communicability of Results 1
4 q

Excellent. The holistic, "alive" quality of good morphologically

(3
[t
¢)

derived dcenarios is both convinecing and compelling,

Credibility of Results to Critics ;

The comment made above under "Level of Confidence” applies heire nlso. |

b
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Span of Forecasts

Mid to long to very long range. The method is especially well
. , adapted to projecting (not forecasting) a generation or more ahead.
It is essentially worthless for societal projections of Lhe near~term

future.
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Resources

Two kinds of people are needed, First, the expert in the field is
required to disaggregate the topic into appropriate sectors and factnrs,
These must be unambiguously defined--no mean task. Second, the imaginative
combiner and assesser of possibilities is required. This may or may not
be the same person as the expert, Usually, a team approach is employed
80 that hypotheses and ideas can be discussed and resolved on the spot,

Often these working discussions are taped and later become the bases for

written reports.

In cases where combinations are linked via formulae, computers are

used to spin out ''feasible’ combinations which luter may be examined in
group sessions,

A budget of 880,000 or more and an elapsed time of at least thres E

monthe is about minimum for generating 30-year morphological scenarios ﬁ

‘
for, say, B river basin., It is essentinl to emphasize that the result ;
will be scenarios representing likely and plavpible futurem, These do i

not quelify as forecasts, Therefore, additional research might be
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required to select and "harden" the scenario line considered most probable

%T and convorﬁ 1§'gnto a true forecast.
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ALTERNATIVE FUTURES

Abstract
The identification of plausible alternative futures is u means of
exploring the implications of the variety of directions 1A“wh1ch ouyr
sociaty might evolve., The approach focuses on alternative forecasts
based on different sets of mssumptions, It does this through a variety
of techniques, chief among which are variations on scenario writing,
Alternative futures began with Pentagon contingency planning, but find
much broader application today. The method uttempts to illuminate
plausible ulternative paths for the society in the future rather than
seeking to identify a most probable forecast, The process can be time
cohsuming and expensive, but it is very useful in the search for and the

evaluation of strategic options,

Definition

Alternative Futures is 8 name given to a variety of approaches in-
tended to provide multiple forecasts based on differing sets of assump-
tions, Usually these multiple forecasts try to bound the limits of thome
futures considered plausible or worth planning for. BStrictly speaking,
multiple forecasts of a single valus, such as the U.8, population,
could be considered as alternative futures. However, the term is more
often applied to alternative forecasmts of many aspects of s mociety
aggregated into some form of mcenario. Thus, the methods usually involve

the generation of a number of scenarios each of which is based on some
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set of different aasumptions and presents the consequences of/and out- -
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comes of these over time, To generate each scenario some form of model

1

is usually required. What distinguishes this f£rom simple scenario writing

is the fact of alternative scenarios,

History

As vith many other techniques, alternative futures finda its origins
in military planning, partiocularly contingency planning., DOD planners,
in the late forties and early fifties, began constructing alternative
scenarios by asking a series of "what if" questions. The alternntive
futures constructed in this way were narrowly aimed at the study of

military and political concerns and events. Alternative futurus of whole

societies aimed at broader applications really began with work funded by

the U,8, Office of Education at Stanford Research Institute and Syracuse

University, At SRI, this work led to the development of a complex

technique called the Fleld Anomoly Relaxation Method (FAR) for the

generation of alternative futures. BSince that time many other techniques

have been developed and have been applied in a variety of contexts, both

public and private. i

Main Uses
The most appropriate use of alternative futures is the exploration
of the boundaries of the plausible future and the often subtle, qualita-

tive ramifications of policy choices, In this sense, nlternative futures

{
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are a learning tool designed to illuminste the consequences of different
I :

assumptions. A careful study of alternative futures can also be very

useful in identifying thome points in time which seem to be key branch

points~-where somehow fateful choices lurk=--and the kinds of decisions

which might lead to one path or another actually emerging. It may also,

as in military planning, be useful in céhtinconcy planning.

A

Limits and Cautions

As in simple scenario writing, the most important caution is not

to accept one of a set of alternatives as the most probable future and

therefore discard the others as of no interest. This is a common and

easy error to make. It does hot seem unreamonable that, if one can

deduce which scenario is moat likely, one can afford to ighore the

others. The recent energy crisis is an oxcellent example of why that is

not a safe assumption. A few years ago & scenario which included a out

off of oil imports would not have been conmidered am very probable and in

fact most planning waus done excluding such considerationm. This, of

course, only made the resulting crisis that much worme. Thus, if one

has boen relatively careful in deviaing believibla alternatives then one

cannot afford to ignore those scenarios which are judged to be of a

relatively lower probability. This is especially true where the impli-
cations of those scenarios is particularly significant, as in the case

of the energy crisis,
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Limits to this approach are severalfold. First, it takes a high

gty

degree of imagination to push the limits of plausibility. Second, the

s

development of comprehensive alternative scenarios can take considerable

ks

time and effort, hence a high cost. Third, one will never be totally

comprehensive, i.e.,, some things must be left out. Thus, one aiways

PRERPT R FURS T oF o 8

runs the risk of wissing important elements and interactions. ‘laus, it
is safe to assume that no matter how much good, thoughtful effort goes
into the procuss, the actual future will in some important way be differ-

ent from any of the alternatives developed.

Other Techniques

Alternative futures is related to any of the various iorecasting:
techniques that allow or demand alternative forecasts. For example, in
u computer simulation mo 1, runs may be made using different rates or

testing different policies, yielding alternative forecasts.

Procedures

The first step in generating alternative futures is the selection or
conatruction of a model which will be used to specify the modes of the
various elements of each sceuario. At this point two alternative
approaches are available; (1) the description of various moments in
time which wil) be rrsembled into scenarios, or (2) the immediate con-
struction »f scenurios through the description of event and trend sequences.

Some imuge must be identified which will guide the selections of the



=

Crita

dlternatives to be considered. For example, one might select a spectrum
from nost desirable to most undesirable., After the construction of alter-~
uative scenarios they must be studied to elicit the useful implications

for the forecasting organhization.

Product or Result

The result of this effort is a se:ies of scenarios describing the
alteinrutive courses of development fur the society and the implications
implicit in each. These may be¢ at a very brief "sketch" level or may
contain very rich and comprehensive detail. The analysis of implications
may also be quite brief or muwy go so far as to analyze strategic options

by conditional probability.

Resources

Noing A reasonably comprahensive job on alternative futures can be
enormously time consuming. As with scenario writing, it demands imagina-
tive thinkers, creative writers, and 2%illful analysts. Both the time
and the human resources involved, imply considerable expense, A typical
project of analysis through alternative futures may take from threc

monthe to more than a year and involve many people in the process.
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DIVERGENCE MAPPING

Abstract

Divergence Mapping is a technique for aiding management think usefully
about the future and what alternative futures imply for the organization,
(The method is equally valid for studying non-institutional problems.)
The heart of the technique is 8 2-3 day workshop in which "snapshots’ of
plausible futures are placed on a Divergence Map form in such a fashion
that "good," "bad," and "most probable’ futures can be identified. Thome
scenarios sre then scrutinived for implicationsfor strategic planning. A
major mndvantage of the method is that if makes explicit the hidden assump-

tionas nt participants concerning the future.

Dufinition

Divergence Mapping is a soft, group consensus Jjudgment method for
considering and reaching agreement on the timing and direction of the
future of a society or any other broad topic. A set of brief narratives

' called "frames,' are prepared to describe a range of

or "snapshots,’
socleties. The conditions portrayed in these frames are selected to reflect
an array of plausible conditions with respect to the critical issues for

the topic being studied. These frames are then positioned on a Divergence
Map Form along a timing (sooner/later) dimension. The completed map is

then drawn upon to ocutline potential futures of concern (best, worst,

mest probable, etc.).
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Every member of any decision-making group has intuitive premises
about the expectable future and its implications for the group's decisions.

For the most part, these assumptions are unrealized and hence go uhexamined

by individumls and by the group as a whole., Divergence Mapping provides

a relatively simple, rapid way to make implicit assumptions explicit so
that they can be debated, conflicts and disagreements resolved, and a
comprehensive, consistent set of assumptions about the future can then be

used by all members of the group in its decision-making processes.

Hiltorz

Divergence Mapping vas developed in 1972-1873 by Context Corporation,

Palo Alto (since dissolved). Peter Sohwartz and David C, Miller«-both

participants on the current IWR project=-were the principal developers of

the method. They have since collaborated in its further development and--

singly or collectively-=have boen involved in its mseveral applications

with numerous clients. A transport leasing company, an insurance company,

two stete citizens’' planning groups, and a major timber-paper coinpany huve

been among the succeasful users of Divergence Mapping.

Main Uses

Divergence Mapping is not intended primarily as 8 forecasting method,

although 4t can be mo applied, 1Its main use--as mentioned above--is to

surface and examine hidden assumptions and premises ahout the expected

future on the basis of which the individual members of a decision-making
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group are acting. rhe method is also an excellent instructional device

for conveying the meaning of alternative futures, identifying the wide .

and diverse range of potential futures, and probing the implicotiona of various

80anarios for a host of institutionzl declsnion issues,
Limits and Cautions

Divergence Mapping is essentially a small group procedure, and would
require substantial modification for use with large numbers of individuals.
Further, the method demands a great deal of general information and parti-
cipation from its members, Finally, as a soft, non-rigorous process,
ndccelltul use of the method requires coordination by skilled facilitators

experienced in using the method.

Other Techniques

The C.L.A F. Method devised by the same authors for the Weyerhaeuser
Company is an analogous, multiple-trends-projection method. Any of a
variety of polling or survey research methoda, including Delphi polling,

might ulso be used in place of Divergunce Mapping. The peneration of alternatiwve
futures via morpholopgioal analyses olso provides simllar resulise

Procedures

The user group is nmked to identify a few issues most critical to
the futuro of its organization. Drawing on these issues and other con-
jectures about the future, a set of 22 narrative frames is prepared, each
suggesting a different potential future at some unstated and unimplied

future date, Thus far, frames have buen written at the level of U.S,
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society, although many other persepctives might be taken. The user gmup
is given advance reading assignments dealing broadly with future possibil-
ities. The main application of the method occurs in a two-to-three day
retreat workshop. Alternating between two or three small groups and the
committee of the whole, the group is assisted hy workshop leaders to com-
plete the following procedures;: (1) The group agrees on s description of
the present., (2) The frames are positioned on a four-tier Divergence Map
form which has one space for the Present and four, five, six, and seven
spaces respectively in tiers one, two, three, and four, Assignment of

8 frame to tiers one, two, three, or four is determined by the group's

best judgment as to which frames might be realized "sooner,” and which

only "later" (date unspecified at that point)., (3) The group then lelectlﬂ
alternative "routes'' through the Map from the present to tier four. Each
route represents some particular view of the future, such as "benst,"
"worst,' 'most probable." (4) For each route, the group indicates the
earliest possible year by which each frame might be reached. (5) Finally,
the group is asked to relate its view of each future route to the organiza-

tion's most critical planning strategioes,

Product or Result

When it is completed, the procedure yields a set of 22 frames, each
assigned a position on the Divergence Map form, Two or more alternative

future routes are nleo marked out on the form, together wich supporting
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explanations and discussion. Implications for long term planning strategy

are also set forth,

Level of Detail .

As used to date, Divergence Mapping yields only very broad, extremely
brief accounts of possible states of future society. In principle, the
amount and level of detail can be extended indefinitely, mccording to the
group's needs, interests, and available resources,

Tevel of Confi-ence of ilemiits
Divergence Mapping ig designed to make cxplicit the premisea and assumptions

about the future which members of a group already possess. As such, the
results are usually accepted with great confidence by members of the group,
although previously unsuspected differences of opinion may be revealed,

In tact, experience to date suggests that most decision-making groups have
a high degree of uniformity and optimism about the future, a consensus

probably unjustified by history.
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Communicability of Results

Divergence Mapping is degigned to enable participants to learn quick~
ly how to share their opinions about the future clearly and systematically,
In presenting results to persons not familiar with the method, results are

readily summarized, explained, and defended,

Credibility of Results to Critics

Divergence Mapping properly used is not represented mg yielding fore-
casts, Critical comments are therefore best dealt with by engaging critics
in use of the method, so that assumptions, agresments, and disagreements

can be explored cooperatively rather than combatively.

Span of Forecasts

For exploring the future of U.8. soclety, a time span of 30 years into
the future has been uscd. Depending on the topic and group interests,
longer or shorter time horizons can be used, depending on the group's

needs .

Rosources

The decision-making group's time and energy represent the most costly
resources, Consulting assistance probably will be required in preparing
the frames and in conducting the retreat workshop. The cost of such con-
sulitation ranges up from about $15,000, A minimum of three months is re-

quired to prepare for and stare a Divergence Mapping workshop.
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AUTHORITY FORECASTING

Abstract

In authority forecasting, a leader who must make decisions or take
actions in a situation of extreme uncertainty acknowledges or designates
an authority, The authority is consulted about the probable future
pertinent to the decision topic. His opinions and recommendations then
become all or part of the basis on which the leader makes a decision,
takes an action, or explains and justifievs a decision or action, Authority
forecasting is perhaps the most ancient forecasting method still in use
and serves a purpose not readily served by other methods. A democratic
society, however, properly maintaing a healthy skepticism for too~heavy

reliance on any designated authority.

Definition

This is one of the most uncient forecasting methods known, It sur-
vives in modecn dress esmentirlly unchanged. The client or forecast
consumer identifiom some person or organization believed for whatever
reason to have special expertise or insight about a given topic, The
expert is queried about the future pertinent to the topic, and his/her
replies are accepted as forecasts of the most probable future.

Thiws approach assumed that for the topic there exists a body of
factual knowledge, principles, etc, on the basia of which reliable

forecasts can be made. It {m mssumed that there are individuals or
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organizations who possess the pertinent facts and understand the appli-
cation of the pertinent principles, It is assumed that these experts

|
cah be identified and accessed, Finally, it is assumed that the experts

opinions and replies are pertinent, knowledgable, and the most reliable

. opinion available about the future of the forecast topic,

Hiitor!

In a true sense, the history of this method is the history of lesuder-
ship, authority, and power in society., ''The ancient,K Sumerian priests,
the Greek Delphi oracles, and The Hudson Institute--these and millions
of other persons and organizations, known and unknown, have been earnestly
consulted about the future and their opinions held especially credible
becnuse of their presumed special authority., Depending on the era and

situntion, the source of authority has been held to be mymtic, experi-

mental, spiritual, or rational. ;

Main Uses

Authority forecasting has always served basic human societal needs,

E usually expressed through society's leaders. A leader regularly is called
upon to make decisiona and take action in situations of extreme uncer-

tainty and great risks. In such situations, mocial solidarity requires

—— s i Gt Tt

that the leader be able to explain his decimions and ac'tions on a basis f
which ts® comprehensible and crediblce to his followers, In these circum-

3 #tances the most acceptable explanation and defense is that the leader i

d
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has consulted and accepted the highest and/or "best' opinion available--

- the priest, the wise man, the scientist, the economist, etc.

- : Limits and Cautions

ﬁ An authority'lg an authority only if she/he is accepted an such by
%; those in position to act upon or obstruct decisions bapsed on the author-

ity's opinion, Thus, the authority of the President and the Pantagon
in the 19808 and 80s to decide what ''national securitvy" means has been
severely eroded in the 19708, The lesson must be that leaders in posi~

tions of power must be keenly sensitive to shifts in the images and

locus ol authority. In mnother direction, leaders and led alike are
over inclined to bestow the mantle of authority on those purties whose
N opinions and recommendations appear to further immediate selfish inter-
[ ests, For this reason, a democratic republic im obligod to maintain a
healthy skepticism of all sources of authority, a skepticism sometimes

difficult to maintain and yet dangerous to overdo,

Other Techniques

: Authority forecasting methods typically are 1elicd upon when a
£ forecast neems emmential and no approach superior to tnformgd judgment
is apparent. In these circumstances, the ''voice of the people,'" the
i assumption that the future will be uimply an extension of the prement,
or an attitude of '"'let's wait and seeo what happens'' arc the major suh-

atitutes for authority forecasting. When leaders are enlightened, the
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risks and limitstions of all these methods are frankly acknowledged,

and resources are invested to discover more adequate approaches,

Procedures

In its crudest form, the "leader'-~elected or selt-appointed=-
asgerts the definition of the problem, argues that a forecast is esson-
tinl, designates the authority, and interprets the authority's findings
acnording to his own experience, judgment, and purposes, This pure
form of the method is rarely encountered, and then only in toumslitarian
societien, In non-absolutist mocleties, each of the steps noted is
resolved through complex competitive and cooperative procedures among
interested stakeholders, Clearly, procedures in particular organiza-
tions or socisties can run the gamut from simplistic and intuitive to
dophisticated and highly organized, Typically, at the level of ah organi-
zation or a sector of mociety, authority forecasting proceeds at two

ievels--an elaborate, highly vimible explicit level supplemented by an
unacknowledge, intuitive level, Generalizations are apt to be meaningless.

In-depth case examples afford the best demcription of the method,

Product or Result

Authority forecasting tends to be used when it 18 acknowledged that
n docision(s) and action(s) is esmential in the absence for a rational
or plausible basis for it, This heing so, the nominal jroduct of an

wthority forecast {8 a description of what is 1ikely to happen {f certain
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decisions or actions are or are not taken, The actual product, however,
is usually regarded by decision-makers as a defensible explanation and

Justification for whatever decision or action ultimately is taken.

Forms of Output

As might be guessed from what has already been said, 'the form of
output of an authority forecast varies widely. The guideline principle
in most cases is the mame, however: which form of output will best
meet the oxplnnatoryhnnd Justificatory needs of the leader-decision-maker.
17 those who must be convinced are securities analyats, the forecast may
take the form of a financial proJ,otion. 1f they are members of the
Houme Arned Services Committee, the forecast may take the form of mili-
tary scenarios, Because authority forecamting is most often used to
provide a credible bamis for action by the leadership, the leader-client
ils apt to have more to say about the format of authority forecast output

than of nearly any other forecast,

Level of Detail of Results

What has been stated above about the format of an authority forecast

applics equally to the level of detai) found in a given authority forecast.

level of Confidonce of Results

Those who aponsor and those who offer authortiy forecasts profess
erent confidence in them, because the forecarts are used to justify

decisions and actions, past or pending. DBeyond these parties, also, the

156

e o e My o RO QT e L AT
" Shisd i cabnih,

S o




kot oo

level of confidence acknowledged in an authority forecest usually depends
onh the value and views of those concerned., Where an authority forecast
serves or can be made to serve positions established on other grounds

the forecast is accepted with great confidence, Where the forecast
attacks previously established positions it is ignored, attacked, or

minimized.

Communicability of Results

Communicability is an interesting facet of authority forecasts.
On the one hand, those who sponsor or make the forecast wish their audience
to accept without question the superior insights and opinions allegedly
contained in the forecast, For this reason, the factual content of the
forecast may be minimal, or may deliberately be made difficult to under-
ltunh. On the other hand, an authority forecast cannot serve its intended
end unless it persusdes to some extent those parties which ar~ on record
a8 hnstile or skeptical. In striving to meet these opposed objectives,
an authority forecast typically clearly states certain of its major
premises and all of its major conclusions while obscuring the chain of

reusoning which links the two, Examples of this abound in the literature.

Credibility of Results to Criticws

What has been suid above about communicability covers this matter

adequately.
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Span of Forecasto

The span of authority forecasts typically is detemined by the future
time intecrval for which the leader-sponsor of the authority forecast
requires a prom.se of committment from his constituents, typically a

few mouths to a few years

Resources Needrd

As might be guessad, the nature and amount of resources required for an
authority forecast varies from trivial to prohibitive. Where people

wvant to be convinced ithat a certain future outcome is highly probable,
simple remssurance from ah acknowledged leader may be sufficient, Where
people refuse to be convinced that a given future is likely, no forenast--
no matter how elaborate--is apt to Le sufficient. Within these limits,
the estinale of resources needed typicelly is made by the sponsor rather
than the forecaster, The sponsor'e ertimate addresses this question:

¥ho must be convinced ana what is the type and level of effort most

credible to them?

Commeuts

Much of what has been said above about the authority forecasting
method may smack of cynicism, This is not our intent, In every organi-
zation and sector of society, crises regularly arise where it is clear
that something must be done and equally clear that no one truly knows

what should be done. In thesc frequent painful instances, leaders must
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have some plausible basis for demanding risk and sacrifice and followers
must have some acceptable basis for complying with the leadership's
demand. 1In these situations, resort to the most plausible authorities
for forecasts and recommendatlions is not only inevitable but desirable

and productive,
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SURVEYS OF INTENTIONS AND ATTITUDES

Abstract

Major classes of surveys and polls relate to what people expect to do
(intentions) and their attitudes and values. Expectation data is reliahle
only for very near~term (3 months) forecasts. Projections based on changing
attitudes and values are often long=term but tend to be global rather than
detailed, Moreover, reliability is subject to dispute, Data on attitudes and
values, however, are indispensable for foreseeing public reaction to contro-

versial proposuls and prograss.

Definitions

Covered in this forecasting approach are consumer surveys of various
types, public polls, and systematic surveys of the spending intentions of
elements of the business community. Some of the best known annual (or more
frequent) surveys of these types are:

Plant and equipment spending--surveys by Commerce-SEC, Mcliraw-Hill,

Conference Board.

Consumer buying plans--surveys by Census Bureau, Commercial Credit Com-

pany, Conference Board, Michigan's Survey Research Center.

Expected sales and inventories--survey by Commerce,

Hou-tn!--curveyl by Fortune magazine and Commercial Credit Company.

Personal and national hopes and fears--survey by Potomac Associates.

30 social trends--survey by Daniel Yankeiovich, Inc.
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Public opinions-~polls on a great range of issues by The Gallup Organi-

zation, lLouis Harris, Elmo Roper, Field Associates, NORC, ORC, otec.

Quality of life~~surveys by Micligan's Survey Research Center,

Results of most of these surveys are available free or for various fees,
(Costs range from gero in the case of Zovernment surveys, to the cost of
Fortune magagine, to-a subscription rate of about $18,000 per year fur the
Yankelovich data.)

Anticipatory survoys, such as these are often called, are used chiefly
in sectorial analysim--that is, for forecasting in limited sectors of the
vconomy rather than for more global forecasts, such as for GNP, personal in-
come, and the like,

The rationale underlying such surveys and polls is that what people say
they intend to do--or what they value~-~is a better indicator of what they
actually will do than are trend extrapolations or outputs from various types
of models. A4 discussed later there are things to be said both for and

against this view,

History

Sonc systematic rc)cat surveys of intentions and attitudes gn back as
far as 1948, but many are ten or fewer years old. Public polls became famous

in the 1930s with Gallup's predictions of presidential election results,

In recent years, not ouly have the repeated surveys become more numerous,

but one-~time polls and surveys have multiplied enormously ia support of

corporante as well as social and policy concerns,
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Main Uses

The two principal uses of surveys and polls are (1) to collect information
oh intentions, to serve as a basis for direct forecasting of consumer or cor-
porats actions for the coming quarter, half year, year, Or (in a few cases)
several years in the future and (2) to amass attitudinal and values data which
are presumed to influence personal, social, and consumption behavior.

Intentions. BSurveys of consumer intentions cover such items as purchases
of autaomobiles, appliances, homes, home improvements, household equipment,
furniture, carpets, and a range of other durables. In general, less attention
is paid to the services, nondurables, and savings.

Surveys of corporate intentions deal most notably with plant and equipment
spending, capital appropriations, machinery orders, inventory levels, home
starts, and sales expectations.

There is, of course, no reason why special surveys of intentions cannot
be made on any subject of interest. The problem is that reliability is diffi-
cult, {f not impossible, to assess in the ahbsence of parallel data for past
years which can be checked against subsequent history.

Attitudes and Values, As indicated earlier, a wide range of topics are

covered in repeated attitudinal and value surveys such ae those conducted by

Pntomac Associates, Yankelovich, Burvey Research Center, and the polling

organizations. Practically any headline news gets attention from the pollasters.

In fact, proprietary services are sometimes baped on sudden developments (e.g.,
Opinion Research Center's service dealing with public attitudes concerning

energy). Moreover, the numben—.f‘IE:;lal attitudinal surveys conducted by
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public and private interest groups may well exceed 1000 per year.

Attitudinal and values data are essential for foreseeing public reactions
to proposed programs. They are often invoked for goal-oriented forecasting
("where we want to go"), for tdentifying the nature of pluralistic segments

of the population, and for predicting social and consumption behavior.

Limits and Cautions

Intentions. The forecasting record (out to a year ahead) for capital
and equipment spending is quite satisfactory, the record is less satisfactory
for other components of corporate activity and still less so for most of the
consumer spending forecasts, Consumer intentions appear to provide a useful
basis for forecasting only for the very near term, and even then they sometimes
miss such spectacular events as the auto boom of 1968. The mixed record of
surveys of expectations leads one authority to conclude: ''Anticipatory sur-
veys, even the best ones, must be used with care, They cannot be taken at
face value....They should not be used as the only, or even the principal,
technique. But they do represent a major forecasting input which all fore-~
casters should use."’

Attitudes and Values. The usefulness of attitudinal and values data

for marketing purposes must be distinguished from that for social analysis and

"utopia forecasting.'' A very considerable body of marketing data points to

"

Morris Cohen, "Surveys and Forecasting,” in Methods and Techniques of Business
Forecasting, V¥. F. Butler, R. A. Kavesh, and R. B. Platt, eds., Prentice-Hall,
Englewood CiLiffs, N.J., 1974,
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many logical inferences and predictions that can be based on measured attitudes
and values. However, most careful studies have concluded that the variance

in consumer behavior is often difficult to explain via attitudinal information.
Demographic and economic data often does better in this regard. The explanation
seems to be either that (1) we have too little understanding of the role of
values in consumer behavior, (2) values and preferences are overwhelmed by

the practicalities of economic and social pressures, or (3) the art of measuring
values is too primitive for the purpose of predicting consumption,

The situation is somewhat better with respect to social and normative
forecasting. Burveys of attitudes toward specific programs or issues provide
essential -data for anticipating public reactions, Such data can be used-=-
but less reliably--in trying to assess what a population "wants of the future.”
Tradeoff prefersnces can be approached this way, The differing views of various
economic, social, and ethnic groups can be gauged via values surveys., Finally,
a considerable body of data has been built up over the past 18 years concerning

the demographics of many special concerns, hopes, fears, social trends, and

assessments of what makes the good life., Buch information is helpful in com-
piling values-based scenarios, Values and attitudes can be organized in terms
of theories of psychological growth (Maslow, Graves, etc.), images (Polak,
Boulding, Markley, etc.), myths (Campbell), life ways {(Morris, Mitchell), and
8o on, Scenarios forecast socisties that would result from various national
profiles of values, structured as suggested in the previous sentence. No claim
can be made that such approaches are foolproof or even that they may not be

misleading. We mimply have no basis yet for accurate ansessment, Neverthelesns,
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surveying of attitudes and values appears to be the most direct and probably
the most relimble method of obtaining such vital inputs to establishing and

evaluating social goals and priorities.

Other Techniques

Expectations, attitudes, and values can be reliably compiled only through
surveys and polla, Even then duta are sometimes subject to several inter-
pretations, It is possible, of course, to hypothesize trends in such factors
based on correlations with demographic, economic, and other characteristids
Public relations experts often do this sord of thing on a hunch basis.
or through various types of theoretical modell,/ Careful survey data showms

emphatically, however, that siurmises and hypotheses in the domain of attitudes

and values are very commonly spectacularly in error.

Procedures

Surveys consist of questionnaires (sometimes very elaborate and requiring
much pretesting to develop reliability) administered by telephone, mail, or
personal interview to a sample (which may be random but usually is carefully
chosen to have known characteristics). Responses are then analyzed, often by
computer, along dimensions of interest. Demographic attributes of the msample

are usually given.

Product or Results

Survey mnd poll results usually appear in tables showing percentages of
respondents answering specific questions in a given fashion, If the survey

is periodic, charts are usually provided to reveal trends in responses.
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Demographic data are usually given aseparately. Text generally highlights and

interprets resulta.

level of Detail ol Results
Ranges from very detailed to global. Expectation studies tend to be

detailed, value studies global, and attitude studies in between,

Level of Confidence of Results

As indicated emrlier, some intention or expectation data provides a reli-
able base for near term forecasts, In the main, however, e:pectation data are
not considered reliable for mid- or long-term forecasts,

Attitudinal and values data are often used am the basis for forecasting
mid- and long-term trends, but the practice is so recent that data on reli-
ability is inconclusive., In contraut the record of surveys and polls in fore-
casting public reactions to issues (especially voting) is well established and

generally excellent.

Communicability of Results

Polls and surveys are well understood by everyone and hence their results

are highly communicable {f not treated with confusing sophistication,.

Credibility

There are many observers who feel that all kinds of murvey and poll results
other then voting polls are too "moft' to be credible. They argue that pcoply
really don't know themselves what they expect to do or how they [eel anbout

things; moreover, critics hold that, in many cases, so much is lost between
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the concept of the question, its actual statement, the response, and the
interpretation of the response that one doesn't really know what a survey or
poll says, Still another school of critics feels that 'hard" things (especially
economic concerns) so dominate expectations, attitudes, and values that fore-
casts are better based on them than on ''soft" considerations. Despite tha
acknowledged validity of these criticisms in many circumstances, the overall
trend is strongly toward acceptance of expectations, attitudes, and values us
important components in people's behavior; hence they are gaining acceptance

as indispensable elements in long-term social forecasting as well as in fore-

seeing public reactions to proposed programs,

Span of Forecasts

Expectation data generally refers to a year or less in advance. Tronds

in attitudes and values often are projected for a generation or more ahead.

Resources

Bophisticated surveys and polls require highly skilled question writers,
statisticians, and trained interviewers. Informal surveys require none of
these, but results are mich less reliable. Computers and programmers are a
must for analyzing complicated surveys.

A national probability survey of a sample of 1500 on a subject requiring
the development of a new questionnaire would cost over $100,000 and might cost
Aeveral times that. B8ix months or more would be required. In contrast, an
informal spot-check of opinion on Main Sireet obviously could be done for the

cost of a few days' time,
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PANELS

e : Abstract

Forecasts by panels most commonly reflect majority ;ptnion of

selected experts dealing with a defined area. Less commonly panels are
used to represent the views of a cross-section of the public, a discipline,
?E or some other coherent group. Panals have often produced good results,

but care must be taken to avoid bhandwagon etffects, blockage of unpopular
viewpoints, and diltorttﬁnl arising from the unwillingness of experts to
change pravious opinions, Panels are very widely used in all kinds of
organizational situations and results have the prestige that acorue to

individual panel membsrs. Delphi is one of the most effective panel fore=-

casting techniques,

3 Definition |
Qroups of people brought together into one or morse panels are fre-

quently asked to make prediciions concerning specific aspects of the

future, 8Subject matter of such forecasts is unlimited, The panels usual-
ly are composed of experts in a given field or discipline, but may be
selected to represent a cross-section of the public, of an industry,
profession, etc. The common denominator is that the panel's judgment is

1 considered valuable either with respect to forecasts or with respect to
representing a defined spectrum of opinion. Most commonly, the rati-nule

underlying selection of a panel for making forecasts is that experts have -
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better insight into the probable future developments in their fields of
expertise than do laymen,

The Delphi technique makes use of panels as does much brainstorming.
The practice of obtaining expert opinion on which to base forecasts and

action is, of course, basic to all research and most decision making,

History

The use of panels i3 as old as human history for it is a certainty
that "penels" of clan leaders always rendered the '"forecasts' on which
the group's actions were based, Advisors to kings and presidents qualify
as panels, BStaff assistants to executives often serve this function,

What is meunt here, of course, is the crganized use of experts to
forecast future trends., President Hoover made use of such a panel in

calling for a report entitled Recent Social Tregﬁg at the start of the

19308, More recently the Armed Services have used panels with great
effectiveness, Prnject Fovecast of the Air Force and Project Seabed of

the Navy are classic exampies,

Main Uses

Forecasting via panelms is used in two types of circumstances:

(1) when expert opinion is presumed to be superior to any other source
of information concerning the future, and (2) when representativeness of
viewpoint is of central concern, Clearly, different kinds of panels are

selected, depending upon the circumstance., Expert opinion panels predominute
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by far in practice; polls and surveys are generally preferred ih gather-

ing data on representative opinion,

kL Limits and Cautions

With respect to panels of specialists, three kinds of cautions should
be obaerved, First, experts are often exceedingly wrong in their fore-
casts, History is full of sensational examples of the ''best experts” being
the worst prognosticators. Second, a "bandwagon" effect often occurs in
panels, so that one person's viewpoint overwhelms the opinions of others

and/or plausible alternatives never get proper exposure., Third, many

specialists are unwilling to revise previously expressed positions, The

upshot is that free and open consideration of alternatives in the light

- of all data is not possible,

y: Other Techniques

k As indicated earlier, the use of advisors is basic to much decision-

making., Hence panels of varying degrees of formality are commonplace in

et i u

W every circumstance in which one person must make decisions affecting

e

“ many. Consultants, staf? assistants, "wise men," and even printed author-

e

*

ities (ringing from books by experts to religious pronouncements) are

PR

i variants of panels. More formally, the following techniques often use

panels for forecasting: Delpnis, brainstorming, industry or discipline .

3 confervnces, and specialty and public opinion assessment, :
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Procedures

Procedures are diverse, ranging from rambling, unrecorded, rouhd=-
table discussions to highly directed feed-back systems requiring specific
responses to specific aspects of mpecific issues, all of which are summar-
ized in a specific manner., Brainstorming represents the first procedure

and Delphi the mecond.

Product or Result

Again, there are no set rules. Panel results come in every shape,

manner, and form.

level of Detail of Results

The range is great, but results tend to be general becauss they emerge
chiatly from "head knowledge'" as distinct from close paperwork utilizing

details from the literature.

level of Confidence in Results

This depends wholly on one's opinion of the abilities of the panel,
the feamibility of forecasting in the area, and the observer's reactions

concerning the methods and reasoning used by the panel,

Communicability of Remults

Communicability tends to be good because the panel is at least commun~-
icating among members, suggesting & level of genernlity above that neceasary

for the "genius" to express ideas. (Example: Einstein wam clear to himself
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but to only a few highly knowiedgeable others; a panel report on social

3 trends would have to be understandable to sll panel members, and would

be designed to communicate to a much wider audience.)

Credibility of Results to Critics

The same remarks apply here as were given under "lLavel of Confidence

in Results."

Span of Forecasts

Fromn minutes to aeons,

Resources

The prime requirement is for a panel suitably selected to deal with

the topic. Often panels are hard to identify because the topic has no

acknowledged experts (life in a "recycle society"), the number of needed

experts overwhelms panel mechanics (definitions of "the good iife"), or
representatives of differing views cannot "hear” each other, rendering

panel discussions mere arguments.

Expert panelists often command fees or honoraria, sometimes making

the approach fairly expensive, Pacilities other than a meeting room
remote from interruptions are rarely required, Results {rom paneler are

achieved rapidly--uanally in a matter of days but atretching out to months
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DELPHI

Abstract

Delphi 1is one of the most widely known and used methods in futures fore-
casting, It is a specific application of the broader methods of opinion
polling and survey research. The method involves multi-round estimates by
designated panels of qualified experts., Experts eatimate the probability, ?A;
timing, and impact of a set of possible events related tuo the target topic.

The method is best used in technological forecasting, for which it was ini- E

tially developed.

interpretation of results may be difficult or impossible, Used for respon-
sible forecast making, Delphi is complex, time consuming, and costly. Used
for learning purposes or simply to explore possible futures, the Delphi method

is simple and inexpensive to use, This method probably reprecsents the best-

known single facet

Detfinition

In other cases, topic definition, expert selection, and

of the vhole futiures research field.

The Delphi method involves the solic¢itation of the opinions of qualified

experts concerning
It 18 a well-known
polling and survey
trators, insurance
opinfons about the

tisular aspect.,

the future state of affairs for some particular topic.
and widely used application of thc broader field of opinion
rcsearch, EXAMPLE: A panel of physicians, health adminis-
executives, and others might be solicited as to their

future nf health care--either i{n general or in some par-
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The method assumes that a topic can be delineated in such a way that
its boundaries and contents will be clearly and uniformly understood by those
familiar with the topic. 1t is assumed that those having the greateat ac-
quaintance and experience pertinemt to the topic can be identified. It is
assumed that a representative cross-section of these experts can be persuaded
to participate in the poll, Finally, it is assumed that their ultimate col-
lective opinion represents a more probable view of the future for that topic

than would the views of persons selected on somo other basis,

History

Opinion polling and survey rescarch have been known and use¢d for many
years, Within that field, the Delphi method was developed and first used in
the 196808 at RAND Corporation by Dr. Olaf Helmer and Norman Dalkey. The
method i8 widely known and discussed. In modified form--it is doubtful that
any two applications are identical in exact detail--several thousand Delphi
polls have been conducted, One of the more ambitious polls published was con-
ducted in the late 19608 by the Japan Socicty of Techno-Economists., HRelmer
is even now attempting to complle a register of major Delphi studies, and to

make a comparative analysis of them,

Main Usen
Delphi was developed tnitially for making technological forecasts, It
probably 18 better suited to that purpose than to topics which by their nature

nre more complex, unclear, or uncertain (see LIMITATIONS AND CAUTIONS). Delphi
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stuides properly conducted in appropriate circumstances can usefully predict
the need or appearance of new technologies and technological requirements.
The original work was sponsored by the Department of Defense, which finds
technological forecasts useful in establishing its RkD priorities, Similar

uses have been made by high-technology corporations.

Limits and Cautions

Three Ltems are especially important here. (1) Delphi poll topics must
be amenable to opinion polling research methods., TI1f the topic cannot be un-
ambiguously delimited and defined, fundamental shortcomings may result, not
always necessarily evident., EXAMPLE: 1If a Delphi poll were conduct on the
future of "The American Way," the results would meamn little because the topic
is variously defined by various persons. (2) Even when a topic is clearly
defined, identifying and then gaining the participation of qualified experts may
b: difficult, Who are the best qualified experts on "The American Way'? How
do we establish that we have a representative cross-section of such experts?
(3) Delphi polling represents the search for consensus opinions within a
particular set of persons on a particular occasion. To assume thet the same
persons on a different occasion would give the same result, may be reasonable
but difficult to prove. Even if this is established, only the actual future
can demonstrate whether the consensus was in fact a more accurate prediction

of the future than other estimates made on some other hasis,

Other Techniques

Delphi i8 best umed to forecast the future of some relatively narrow,
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clearly delimited technological topic, In this application it closely
resembles services often provided by a single expert consultant or consultant
team, Nor is there clear evidence that the opinion polling method will yield
better results than the experienced but intuitive judgment of one person,

The Delphi method does offer the advantage of accessing more points of view
and broader sources of knowledge., Croas-impact analysis is in many ways
parallel to Delphi, and, in fact, often asks participants to render the

identical judgments involved in Delphis,.

Procedures
A typical Delphi consists v two, three, or four rounds. A topic is

gselected, and a group of experts is recruited. A number of possible develop-

ments which would affect the future of the topic are identifi{ed. In polls by
mail (to preserve anonymity and to reach more qualified experts than could be

brought together) the experts estimate the probability of each development

actually occurring. Experts may also be asked to estimate when the development 4
may occur, and what the consequences might be. Delphi panel managers collect
ﬁ eatimates, translate them into a normal distribution, and return the results
to each expert. Each participant sees what the average or mean estimate was,
k. and how it relates to his own, He is then free to maintain or modify his f
y carlier estimate. And so on through the next round, At the panel manager's
discretion, explanations and defense of given estimates may be sent to the

eniire panel,
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Products or Results

The result of a Delphi poll is a series of tabulations, Tabulations
usually are presented in the form of m normal distribution curve. Mean esti-
mates of probability, timing, impact are shown for each topic in each round.
The final round results reveal how much or how little consensus of estimate
has been established for each topic polled, The results may also include a
few or many comments by individual participants, explaining and defending their
individual estimates. The final round may also identify the participants,
either by demographic characteristics, by name, or both,

Polling techniques rarely permit the level of detail which other fore=
casting methods can attain., The large numbers of persons involved, and the
time-cost dimensions of survey research impose severe limits. One or a few
topics may be explored in some detail if the topic is narrowly defined.
Typically, poll managers in early Delphi rounds present a broad range of pos-
sible events, then zero in on many fewer topics where strong consensus or

disagreement are seen to exist,

level of Confidence in Results

In technological forecasting applications--especially in the military--
well-designed and executed Delphi polls may be treated with great respect,
especially 1f their future time-horizon is relatively short. In other applica-
tions where topics are less clear, experts are less identifiable, and high
costs cannot be borne, confidence in Delphi poll results falls off sharply.

In these applications--perhaps by number the greatest fraction--Delphi is
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more appropriately used (like scenario writing and simulation) to explore

; possibilities rather than to predict probabilities,

%A Communicability of Results

Delphi poll questions and results tend to make fascinating reading and
&: are widely attended., The distribution of opinion along a normal curve is
readily communicated. The significance of the distribution is often lews

clear and so less readily communicated,

Credibility of Results P

W
|

Because they are so widely known and popular, Delphi polls provide a

clear example of two types of credibility which are applicable to any forecast,

Many people accept Delphi results uncritically and profess to believe in their
% : validity., When Delphi poll recipients are placed in a position to decide or
to act on the basis of Delphi forecasts, credibility falls off sharply. In

a basic sense, the credibility of any forecast is heavily a product of the

T

demands, costs, risks, and benefits the forecast implies for its recipient,

: Span of Forecasts

In principle, o Delphi poll may mselect any time horizon whatsoever,
d
In practice, few accept a time horizon shorter than five years and few exceed i
50 years. Selection of the time horizon usually is keyed to the time span

believed required or available for decisions or actions to be taken,
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Resources

T

Modest resources of time and effort are adequate when Delphi polls are

=3

conducted to induce learning or to explore possible futures. Used in the

AT
.

3

=

forecasting mode, the Delphi method is expensive and time-consuming if even

credible--set aside useful--results are to be expected. Expert opihton is
difficult to identify, and often expensive to access (although experts in
&L Delphi polls are often '"paid" by having access to the results). Enormous
amounts of data must be held and analyzed. Thus the Delphi method used re-
sponsibly for forecasting purposes is expensive, time consuming, and msy be

.

difficult to manage.

Comments

Of all the methods, concepts, and words in the futures research field,

B

Delphi may be best known, least undci-stood, and most abused in practice. Any-
@e vho wishep to gain a quick feel for the state of the art and of practice in

the field might well begin by assessing the state of Delphi methodology.
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LIFE WAYS/LIFE STYLES/PSYCHOGRAPHICS

Abstract

Life ways are a method of clamssifying people's values, needs, attitudes,
etc., usually in a typology involving 5 to 10 clusters., 1In the area of
societal forecasting, insight into life ways is helpful in (1) generating
alternative futures based on changing values, (2) making "soft" inputs to fore~
casts chiefly reflecting economic and technological factors, and (3) in pro-
viding a structuring framework for interpreting and generalizing results of

surveys on apecific issues.

Definition

By life way is meant a person's overall pattern of innsr needs, values,
beliefs, and attitudes. The theory is that this constellation of core motiva-
tions governs how the person acts, what tradeoffs appeal tc him, what he strives
for, how he defines reward, what his priorities are, and every other aspect
of his individuality., Life :E!E: refers less to inner motivations than to
external behavior patterns. Thus a life way dominated by achievement drives
can be expressed in any of numerous life ltyle;. Peychographics is a recent
term invented by market analysts to indicate the general area of correlating
psychological factors with consumer behavior.

The rationale underlying the use of psychological measures in preparing
fsrocants, scenarios, or in predicting reactions (with regard to a proposed
dam, for example) is simp!y that what people need, value, and believe in is

a fundamental contributor to social trends and public behavior. Almost all
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long~term forecasting work incorporating life way or style factors also utilize

trends in economics, technology, demography, institutions, etc.

History

Use of values as n specific and systematic input to social or technological
forecasting is helntivoly recent, although spectacularly successful intuitive
applicationa go back as far as de Tocqueville and the Marquis de Condorcet.

The main developments in the field have emerged from two research approaches:
(1) analysis in terms of markets and consumer behavior and (2) personality
theory and how it nppliei to societies. These two approaches are discussed
below.

In the area of marketing research life style approaches have been used for
about 13 years. Perhaps the best known is the approach known as Activities,
Interests, and Opinions (AIO) developed jointly in the late 19808 by Wells and
Tigert of the University of Chicago, the Leo Burnett advertising agency, and
Market Factms, Inc. JOther well=known market approaches include studies based
on stage of 1ife cycle (couple with children under six, "empty nest,”" etc.),
life roles (homemaker, young executive, etc.), and approaches combining per-

sonality traits with demographics to define a life style ('swinger, contented

cow," "revolutionary,” etc.). CGreat numbers of studies have explored the
market implications of specific values and variables, such ar authoritarianness,

innovativencss, or social awareness. The narrow base of such studies perhaps

disqualifies them for the forecasting methods under discussion,
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Personality theorists have identified stages of individual development
which can also be applied to societies. Thus a nation can be described as
"achievement oriented" or '"security motivated," etc., using terminology employed
by such psychologists as Erikson, Graves, Kohlberg, Meslow, and McClelland,
The approach can be made more sophisticated by drawing national profiles in
terms of tho developmental stages of growth. By tracing the probable evolution
of such profiles over time, useful forecasts can be prepared of changing values,

needs, and priorities,

Main Uses

With respect to the Corps of Engineers, the prime uses of life way fore-
casting techniques ara threefold: (1) as a means of generating altermative
futures reflecting changing values, (2) as an sapproach to making "soft" inputs
to forecasts chiefly reflecting "hard" factors such as economic and techno-
logical trends, and (3) as a framework for interpreting und organizing surveys
of public opinion.

Soclietal forecasts bsmed on changing values usually deal with small numbers
of value constellations or national profiles of life ways. Having assumed or
projected a dominant value pattern for the society (e.g., achievement, security,
frugal, etc.) implications for institutions, markets, and the like are hypothe«~
sized to round out the total picture.

As input to comprehensive forecasts, analyses in terms of life ways are
helpful in thinking through what kinds of programs will receive support in
given circumstances and what value shifts are likely to accompany changes in

the external eavironment,
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The third use of l1ife way typologies is as a device for clustering field
attitude data into meaningful wholes. Insight into overall patterns facilitates
interpretation of individual values data and provides a basis for making coherent

forecasts.

Limits and Cautions

Lifé way analyses are uniquely useful in providing a coherent framework
within which to structure the "soft' elements of society--things like people's
values, beltefi. priorities, motivations and the like. But such analyses must
be used with care.

In the first place, it often is not clear how much difference values and
priorities make in the course of events. Their influence seems to range from
decisive (prohibitions against a nuclear power plant at a specific site) to
partial (reaction to energy conservation measures) to none or indeterminable,
It therefore seems wise, wherever feasible, to augment life way analyses of
near term events with actual surveys of the populations of interest,

This indeterminism also means that long-range forecasts based on changing
values contain many ugc;rtaintlen. A principal use of life ways is, in fact,
to help generate alternativem around a core scenaric assuming continuation of
present values, BScenarios based chiefly on values, such as thoae by David
McClelland, are necessary global rather than detailed and qualitative rather

than quantitative.

Other Techniques

Value forecasting can be approached in a number of ways. Polls, panels,

Delphi. and content analysis of periodicals and literature are the main sources
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of quantitative specifics. BSome sort of life way or life style analysis seems
to be the only common way of identifying patterns of values. Literally scores
of specific schemes have been suggested to describe value clusters characteristic

of various naticns and segments of the population,

Procedures

Development of life way typologies requires characterization of groups of
people in terms of dominant value sets, Characterization can bs descriptive
("swingers'), focussed on & dominant interest ("environmentalists"), demographic

" "ohangers") and smo forth., What is

("retireds"), motivational ("achievers,
required to qualify as a true life way ia identification of correlated attri-

butes which support the key characteristic. These correlations can range from
intuitive to carefully measured, The most sophisticated life style typologies

are bascd on careful national surveys, Derhaps the best documented typology is

that of social class,

Product or Result

A life way typology consists of some limited number (usually ten or less)
of groups defined in terms of some dominant feature. Associated with this
core feature are secondary, supporting features which generally include demo~
graphic economic, political, attitudinal, motivational, and social character-
istics. In most cases the liie way typology is designed to describe a popula-
tion connected by some common denominator, which may be common citizenship (all
Americans), common purchase of a class of products (users of mouthwash), a
common impact (residents of an area affected by a dam), or common concern with

some class of {mssue (conservation).
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level of Detail of Results

Any life way typology is necessarily gross if only because no large,
vatried population can be characterized fully in a manageable number of life
ways., From a statistical standpoint, however, detail relating to each type may
be quite fine., Some typologies, for example, provide statistics on over 50

distinct attributes.

Level of Confidence of Results

As a heuristic-~that is, as a means of stretching the mind to embrace a
variety of alternative prospects~~the life way approach can be counted on to
enrich forecasting efforts, Ite usefulness as means of ordering disparate poll
results finds general but not universal agreement, As the sole device on which
to base forecasts of the future, it is not relimble. As indicated earlier, it

is best used in conjunction with other forecasting methods,

Communicability of Results

This is a purticulaéYItrong point. Adept naming of 1ife way groups greatly
facilitates communication of highly complex patterns in a graphic and meaningful

way,

Credibility to Critics

Difficulties arise on two points, First, many people believe that people'’'s

values have little true influence on their private actions or on institutions,.

They argue that, 'when the chips are down," basic externsl needs overwhelm the

"higher" impulses and hence only elemental drives need be considered. Becond,
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many people scem to feel that almost everyone strives for the same kinds of
rewards for the same reasons--that what distinguishes people are "superficial"
modes of behavior., These kinds of critics~-and they are numerous--are not
convinced by eloquence or by survey results; they tend to think that "value
successes'' such as environmental legislation will be reversed 1f we find "we

can't afford the luxury,”

Span of Forecasts

Forecasts based solely on changing values have spans reaching ahead a
century or more. Survey-based life way analyses can be--indeed usually are--

very short term.

Resources Needed

Forccasters interested in changing values are the prime resource require-
ments, A large body of published data is available; more can be had easily
enough via formal or informal surveys.

A knack for characterizing and an intuitive grasp of self-consistent con-
stellationms of beliefs, values, attitudes, etc,, are helpful in generating
tvpologies. The generation of fresh typologies is a major undertaking requiring
months of effort, Lesser efforts are required for applying life ways in cross-

impact analyses or in structuring survey data,

Special Comments

Planners deeply concerned with public reactions to public programs would

do well to extend their knowledge of public surveying techniques to include
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1ife way kind of thinking. Life ways and life styles provide a structuring

framework essential to generalizing from specific poll data. 4
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SYNECTICS

Abstract

Synectics is a well=-tested method for developing creutive solutions
to problems in business, government, technology, and people situations.
It could probably be used in conjunction with other techniques to generate
alternative futures, forecast trends, and enrich cross~impact analyses,
Courses are offered in the technique which enable organizations to explore

the applicability of Synectics to classes of issues of concern to the

organization,

Definition

Synectics is described by its developers as a technique for "dynamic
group problem solving." The name is a Greek word meaning the joining
together of different and apparently unrelated elements into a synergistic
whole. The total process is a means of applying structured creativity to
a huge array of technical, business, governmental, and people problems,
In a Synectics session a specific problem is defined, The group (usually
less zhan ten) includes a trained Synectics leader, an expert in the
problem area under study, and random others who hopefully possess reason-
ably unfettered minds. Under the guidance of the leader, the group develops
and discusses analogies to the problem. Having done so in depth, the
leader restates the initial problem and a "force fit' is achieved between

the problem and the analogy. The basic purpose is to force people into
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4 fresh viewpoints based upon (often far fetched) analogies to the problem
calling for solution and in this fashion apply information stored in

corners of the conscious and subconscious mind to the issue at hand,

(Further details appear later under "Procedures.’)

History

Synectics as a problem-solving technique was developed in the 1950s

X

by W. J. J. Gordon, In 1961 he presented his basic approach in a book

BRI

é cslled Synectics. A company, Synectics, Inc., was founded in 1880 in ?
", E
i 4
e Cambridge, Massachu:'i -~ *n exploit the approach, 8Since then a great E

diversity of problems .. .:g for creating solutions have been tackled. 3

Much of this work=-including fascinating transcripts of many actual

seasons, some successful and others not-~ is described in The Practice of

o T bt L i At

Creativity by George M, Prince (Harper & Row, 1870), Mr. Prince is

president of 8Synectics, Ing.

Main Uses

Synectics has been applied in areas ranging from hew-product hardware
problems, to business process problems, to people-oriented process problems.
The 1ist below cites specific examples in these arcas:

New-Product Problems~-Hardware-Oriented

S

Devise a more efficient fuel cell.
Invent an easier way of applying paint,

Invent a better means of closing u Thermous bottle,
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Devise an instant, portable radioc antenna thirty feet tall
that travels in a small package.

Devise a profitable use for a waste by-product.

Expand an interesting piece of technology into a commercial
product line,

Conceive of au new home appliance that fulfills a need that
no one is now aware of.

Discover how to measure the oil content per unit of stone
in a deep formation.

In one model of an army personnel carrier, land mines tend
to trigger a gasoline explosion in the fuel tanks, How
can this be prevented without major alteration?

Process Problems~-Business Oriented

Devise a continuing education program in a company=--one that
will keep employers interested and alert and will avoid

obsolescence.

Conceive of a more effective method for acidizing oil=bearing
limestone strata.

How can we inexpensively audd one pound of chemical to two
tons of grain and have each grain get its fair share?

Devise a new market strategy for a dying brand.

How can a manager in a technical area be most helpful when
a subordinate has a technical problem?

Devisu = system for presenting ideas that gives them a
maximum possibility for constructive consideration,

Devise an idea-incentive system that will encourage involve-
ment on the part of everyone from janitor to vice-president,

Process Problems--People-Oriented

How can a bored clergyman renew himself?

How can we make the visiting-physician program in Vietnam
oroduce more lasting benefits for Vietnamese physiciana?
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How can an individual reduce his prejudices?

Conceive of the physical facilities of a new architectural
school that satisfies the needs of the interested parties

{students, faculty, townspeople, etc.)

Devise an economical system in which both a slow and a fast
student can be given what each needs in the same cle.s.

';. How can we persuade those in power in the === to pass this
b power downward in an orderly fashion”

il S o SR SR G s i R e & g
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'g Conceive a meaningful way to involve people in the democratic

g process from childhood on.

%ﬁ On a personal level, people familiar with the techniques of Synectics §
q
& often claim to be hetter able to deal with everyday problems of living, %
i )
3 as well as with work-oriented issues, f
3 Limits and Cautions §
b :
h: i
B As in any creativity endeavor, results are unpredictable. In é
A Synectics, the "forced fit" between analogy and problem (e.g., between i
‘L the way a cat acts and a deep oil-bearing stratum) results in what is

b called a "viewpoint,” which sometimes points to a spectacular solution

E\

i to the problem and is sometimes a dud, Proponents of the system like to

3 . refer to Synectics os "dependable creativity," but this is certainly
A ' putting it rather strongly.
In theory anyway, Synectics can be applied to any area of interest,
provided there is such a thing as an "expert" to state the problem and
For

3 evaluate the feasibility of viewpoints arising from "forced fits.'

! purposcs of forecasting alternative futurems, ronducting cross-impact or
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KSIM analyses, or for projecting trends in specific areas, 1€ seems
possible that some kind of amalgamation of Delphi and Synectics principles

would help overcome shortcomings of both approaches.

Other Techniques

Many other techniques strive for creativity. These include brain-
stormtng; case methods, hypothetical situations, morphological analysis,
value engineering or value analysis, attribute listing, bionics, forced
thinking in specified channels, life way analysis, 'genius' scenarios,

utopian or "what if" thinking, and many more,

Procedures

Synectics sessions can be as brief as an hour or several days in
length. As indicated earlier, the group is generally limited in size and
requires the presence of a leader trained in Synectics and of a subject
matter expert. As Gordon, the principal developer of the approach, says,
"The synectics leader 1is p;imnrily responsible for keeping the investipation
of the problem within the confines of the synectics flow chart and ensuring
the most efficient generation, development, and use of analogical material.
Which anslogical route to take is an important decimion. 1t is made by
the leader on the basis of the criterion of constructive psychological
strain. In a people-oriented problem, this means that the leader would

seek analogies from the exact sciences. In a mechanical problem, he might

look to biological models.'
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K? Constructive psychological strain can be observed as the participant
% stretches himsel? out of his familiar territory to come up with analogies,
%’ , The steps in the Synectics process are depicted below:

i

o

1. Problem as Given 8, Viewpoint

N

"2, Analysis and Explanation 4
by Expert

531 gh rorinn, o i
ARG e
.

3. Purge

4. Oannuo*of Problens
as Understood

8. Choice of Problem as Understood
8. Evocative Questions to Trigger

Use of Analogies to Discover
Possible Solutions

8. Force-Fit
7. Examination of Possible Bolutions

L

é? 1. Brief explanation of the problem as given. A general statement :

is made of the problem to be solved as it may have been given to the group
members by an outside source or as generated by themselv.-s, Some cxamplcs:

2 Invent a wheelchair that will go upstairs.

A Design a nonfogging bathroom mirror,

i Build an anchor that will have more holding power
i per pound of weight than anything now available,

o e caf Bt b

Develop a charcoal thqt will ignite faster,

Compress food.

[ R SR

Close openings more sffectively,

Discover new stimulaats for the healing process,
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2. Analycis. An explanation of the problem is presented by the
most expert in the group, making the strange problem familiar. Enough
detail is given about the problem to permit the group to go to work,
The expert is a participant., He does not need to try to make everyone
as knowledgeable as he is.

3. Purge., The most usual solutions are voiced, evaluated, and
purged, Getting these immediate solutions out for an airing permits
progress toward more unique and more valuable solutions,

4. Generation of problems as understood. After the given problen
has been explored, each participant writes a restatement of the problem
as he sees it or a goal he believes would be desirable, It is considered

‘

useful to write several versions of the problem which imply different
approaches to it,

8. Choice of problem as understood, A momentary agreement is
reached by the group on an understanding of the problem,

8. Use of evocative questions. The leader employs evocative ques-
tions to stimulate the employment of the analogical operational mechanisms.

7. Examination, A possible solution stemming from stage six is
selected by the group for examination, The cycle continues, umsing evoca-
tive questions to stimulate the use of imagination to come up with other
solutions and then the examination of these solutions.

8, VYorce~fit. The solutions produced by the foregoing process are

forced into fitting the nature of the problem originally posed. The
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attempt to fit the tentative solutions to the problem may result in the

problem itself being seen differently and may suggest new lines of specu~

lation,

9. Viewpoint. From the material arising in the force-fit stage, a
new viewpoint of the problem is reached, and many potential solutions
may arise, One of the basic differences between the Synectics method of
operation and traditional problem solving methods is that the latter seek
solutions more directly. Bynectics seeks new lines of speculation, and

these, in turn, lead to potential solutions by means of the force-fit,

Product or Result

The upshot of the S8ynectics process i1s a new way of looking at the

initial problem, Theie are as diverse as ideas and can be presented in

4s many ways.

Level of Detail of Results

Synectics produces a viewpoint--an approach--rather than an "operative
answer," In most cases operational details remain to be worked out, al-
though they may be almost self-evident. For example, Synectics hit upon
the idea of compressing Kleenex to reduce shipping costs, of freezing
cores prior to lifting to study in situ oil conditions, of coating tire
rims with epoxies to prevent leskers (2 problem because slow leaks caused
closely parked cars to fall against each other and be damaged in transit).
In each case many technical details had to be worked out following the

initial insight arrived at through Synectics.
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Lovel of Confidence of Results

In advance of a Synectics meeting, one can only hope for ''breakthrough"

results, Viewpoints resulting from a meeting range from self-evidently

workable to 99+% certainty that the solution won't work,

Communicability of Results

Usually excellent because the central results of Synectics tend to
be non-technical universals understood by everyone. This, of course, does
not apply to descriptions of the nature of the problem (often highly
technical) or to implementation of Synectics-based solutions. (again often

technical),

Credibility of Results to Critics

Many people trained in the exact disciplines are uncomfortable with
creativity techniques and hence tend to downgrade Synectics. Theome mame
critics, however, would certainly admit that Synectics has produced some
highly useful results, although many might argue the result could have
been arrived at (perhaps faster and with greater assurance of success)

through conventional channels,

Span of Forecasts

As applied to social or technological forecasting (perhaps in collab-
oration with Delphi methods), the forecast span would tend to be mid-range

or longer.
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Resources

Resources are wholly in the form of people, although a recorder is
usually used to tape sessions,

Key personnel are the Synectics leader, the subject expert, and
others selected for high energy levels, broad job and/or educational back-
grounds, and openness of thinking mode,

Sessions devoted to a major problem typically take two or three

days from start to finish, Costs are chiefly for time,

Comments

Organizations interested in installing their own Synectics group can
attend intensive one-week courses given at Synectics, Inc, Cost is under
$1,000 per attendee.

Synectics, Inc. also offers a three-day ''Management Synergism'' course
]

(cost about $500). The firm also will direct three-day "Management Synergism'

course (cost about $500), The firm also will direct three-day seminars on

specific company problems at a cost of $3,000 and up.
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Mitchell, Arnold
Description of 31 forecasting techniques / Arnold
Mitchell, Burnham H. Dodge...Cet al.l. ~- Fort
Belvoir, Va. : U.S. Institute for Water Resources,
1977,
200 p. (IWR contract report ; no. 75-T, Supp.
(Part 2))
This supplement to the Handbook of forecasting
techniques (IWR contract report 75-7) is in two parts.
1. Forecasting. 2. Simulation. I. Title. II. Dodge,
Burnhan H., joint author. III. Series: U.S. Institute
for Water Resources. Contract report 75-T, Supp. (Part 2)
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