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BACKGROUND OF THIS PAPER

This paper is based on research done at the
Bureau of Business Research, Graduate
~School of Business Administration, University
of Michigan, in support of the Regional Econ-
omics and Water Resource Management project
of the Sea Grant Program at the University of
Michigan,
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Introduction

Forecasting is an integral part of planning, A forecast should:

Anticipate what occurrences are possible and assess
their probabilities.

Assess the interactions (cross-impacts) among these
occurrences.,

Identify the occurrences that can be controlled and
the extent of such control.

Evaluate alternative future possibilities, considering
varying degrees of intervention that are within our
power to control.

Convert these outcomes into displays that provide

us with an assessment of the impact of the pos-

sible future. -1-/

The objective of this paper is to present a plan for using modified
Delphi techniqﬁes--essentially a method for securing informed judgments

of a group of experts--to secure the use of the competences of a multi-

disciplinary team of researchers in forecasts related to planning for

a representative region in the Great Lakes area.

emphasize the consequences of regional planning on marine resources

1/ Selwyn Engzer,

for the Future, Dec,, 1969,

-1-

These forecasts will

"A Case Study Using Forecasting as a Decision-
making Aid, " IFF Working Paper, WP-2, Middletown, Conn., Institute



4, The improvement of communications among a multi-
disciplinary team of researchers, many of whom are
accustomed to operating independently or within the
boundaries of individual disciplines
Experiments have shown that feedback and reassessment quite
often result in convergence of opinions, as common elements of judgment
are reinforced, ambiguities resolved, extreme positions clarified, and
the impact of related events assessed. The refinement and strengthening
of a consensus are especia‘lly important in regional planning, which is
essentially a political process., But feedback and reassessment of informed

judgments can be tremendously valuable even if it does not lead to con-

vergence,

II

Background of the Sea Grant Delphi Exercises

The Sea Grant Program

The Congressional mandate in the Sea Grant Act calls for both the
development of marine resources for economic and social benefits to the
nation and for the education and training of personnel to carry out such
development. Integral to the program is the communication of useful
information to the various marine communities with an interest in
marine resources;

The Sea Grant Program of the University of Michigan is designed

to (1) establish standards of expertise and a center of knowledge for



.

Great Lakes research, and (2) provide useful information as a service
to regional plannérs and decision makers. Predictive models are to be
used as a focusing device to bring together experts who are competent
in diverse fields and organize their knowledge to provide analytical as-
sistance in the design of a comprehensive planning system for dealing

- with marine resource problems and opportunities.

The program strategy is to concentrate initially on a discrete
subregion within the Great Lakes area, not only to avoid widely diffused
research but to provide experience in coupling field research with systems
analysis and model development, A feedback process is to be developed
so that field research stimulates modeling, and the model in turn defines
priorities for é.cquisition of additional field data. The Grand Traverse
Bay Area—z-/ was selected because it is a reasonable physical analogue
to Lake Michigan, the next subsystem of concern, and representative of
many areas in t\he‘ Great Lakes region where the economic development
and quality of life ére closely related to water resources.

Although a considerable amount of empirical data is being developed
in the Regional Economics program and other Sea Grant projects, judgments
form the best source of insight into the future, The development of a

method to obtain and refine informed judgments of knowledgeable people

2/ For this research the Grand Traverse Bay Region is considered
to be the following ten counties which make up the Region 10 of the State
of Michigan's planning and development regions. These counties are
Emmet, Charlevoix, Antrim, Kalkaska, Grand Traverse, Benzie,
Manistee, Wexford, and Missaukee.
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is one of the most challenging problems in the task of improving decision
making and planning, The need is particularly crucial in the Sea Grant
Program, where the decision maker must consider the opinions of a
multidisciplinary team of advisers--some of them experts in extremely
specialized areas, while the competence and experience of others span

a wide range of technical, economic, s.ocial, legal, »and political matters--
and where prev'cise quantification and models for combining judgments

are lacking.

In spite of the importance of intuition and judgment there are
inherent dangers in relying on the judgments of a single expert who will
tend to view a problem in terms of the boundaries of his own expertise,
even though hivs’is only one of several disciplines bearing on the issue.
The performance of the expert should improve when he can interact with
other experts in the samé or related fields., However,the use of a com-
mittee to effect the interacfion introduces some serious administrative,
logistical, sociological, and psychological barriers. The output is likely
to be a comproxﬁise weighted toward the opinions of those in the group
who \are most afticulate, most prominent, or better placed adminis-

tratively.

The Delphi method

The Delphi techniques, developed by researchers of the RAND
Corporation, provide an initial step toward a systematic use of expert

opinion and they appear to have a flexibility that would allow for a much
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wider use than the published applications indicate.é/ The basic features
of the method include anonymous responses, iteration, numerical esti-
mates, statistical group summaries, controlled feedback, and reassess-
ment, The means which they provide for obtaining informed judgments
preserves the desirable characteristics of face-to-face group deliberations
while overcomingvsome of the associated psychological and administrative
barriers, The method yields a cumulative assessment of the group's
anticipations without requiring elaborate investigations and support of
each issue under consideration.

The objective of the method is to obtain from a group of experts
the most reliable consensus of opinion through anonymous responses to
a carefully designed program of sequential interrogations., The techniques
can be modified to exploit the talents of a well-informed multidisciplinary
team of exper‘tvs by securing judgments that are weighted to reflect
specialized competence and, using the combined insight of the group,
to interpret those judgments for regional planners and decision makers.

The information exchange is accomplished through a series of

3/ Initially the studies were under the guidance of Dr, Norman
Dalkey and Dr, Olaf Helmer., For background information on the Delphi
techniques, modifications, and applications see: John D. Ludlow,
"The Delphi Method: A Systems Approach to the Utilization of Experts
in Technological and Environmental Forecasting," Working Paper
No. 3, Bureau of Business Research, Graduate School of Business

Administration, University of Michigan, Ann Arbor, Michigan, March
24, 1970,



information packages referred to as rounds. The opening rounds are
controlled brainstorming sessions in which a respondent is encouraged

to present developments in his area of expertise which he feels will be
important for a specific issue or topic. The feedback of responses from
other informed people serves to stimulate him to consider developments
in his own or related areas that he may have inadvertently neglected. To
facilitate the initial exchange of information and to focus on common
measures of values in developing and presenting a viewpoint that may be
difficult to articulate, respondents attach numerical estimates to a list of
important events developed by the group. Self-appraisal indexes are pro-
vided to permit the respondent to indicate his relative competence in
specific issues and his familiarity with the region. Desirability and
feasibility indexes can be designed to account for the value judgments

of the estimators and the relative influence of technical, social, economic,
and political fagtors. These serve to help the expert in making his judg-

ment and the rest of the panel in interpreting them.

ITT
Research Needs
Although the initial focus of the Sea Grant Program is on a discrete
subregion, its main concern is to develop techniques that will be useful
in designing a cofnprehensive planning system for the management of
the marine resources of the whole Great Lakes Basin,
The Delphi method will be employed in several roles that represent

essentially new applications. At a recent conference recognized experts



-8-

in forecasting and plarmingi/ were in agreement that the hierarchy of
planning levels is best expressed by the basic three-level concept of |
policy planning, strategic planning, and tactical planning. Thus far

the Delphi method has been employed primarily to obtain and refine the
long-range forecasts associated with strategic planning. Sea Grant experts
see their task not only as providing the basis for forecasting alternative
futures for a region but as also assisting in "creating the future,' and
their combined judgments should be brought to bear also at the normative
(policy formulation) level and at the operational level of planning. This
will be attempted in the Sea Grant Delphi exercises.

The panels will be asked to make value judgments, Dalkey indicates
that in making value judgments the validity of Delphi procedures--in the
sense of the willingness of respondents .to furnish lists of objectives or
goals, to allocate weights, to accept a statistical aggregation of weights
supplied by a group, and to reassess their judgments based upon feed-
back of information supplied by the group--is much more obscure than in
factual judgmen’cs.i/

Several techniques for improving the estimating process will also

be tested. A concern in securing personal probability assessments is

4/ Erich Jantsch, Perspectives of Planning (Paris: Organization
for Economic Cooperation and Development, 1969).

_5_/ Norman C, Dalkey, The Delphi Method: An Experimental
Study of Group Opinion, Memorandum RM-5888-PR (Santa Monica,
Calif.: RAND Corp., June, 1969).
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that they correspond with the assessor's judgment (i.e., that he doesn't
violate the postulates of coherence). The communication problem is
compounded when individual distributions are combined into a single
distribution representing a consensus of judgments and presented to a
decision maker who must interpret it. To gain insight into the nature of
the problem, numerical probabilities will be compared with as sociated
verbal phrases. The Delphi techniques of numerical estimates, feed-
back of group responses, and reassessment will be employed to develop
an ordered scale of verbal phrases, generally comparable to commonly
used numerical pi‘obabilities. The verbal phrases may be more appropriate
in estimating soéial developments where the use of numerical estimates
tends to give an exaggerated, and consequently 2 somewhat less credible
impression of precision.

Another vexing problem associated with personal probability
estimates is thé assumptions the estimator makes about the future
environment. There is a proposed remedy which is procedural: the
attention of the _paﬁel is first focused on the technical environment and
the political, social, institutional and other environmental factors are
assumed to develop along present trends. Subsequently, a broader
perspective is taken and the influences of the other environmental factors
and the value judémen’cs of the estimator are taken into gccoun’c by
using such measures as desirability, feasibility, and importance
indexes, »developevd‘ for various time periods and from a personal as

well as a societal orientation. These indexes assist the estimator in
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making his judgments and the other panel members in interpreting and
weighting them, Te chniques for exploiting the use of conditional probability
estimates will ‘be examined by the program administrator.

The administrative procedures are flexible enough to incorporate

further refinements as the exercises progress.

Iv

Methodology

Overall research design

The design of this exploratory research is depicted in Figure 1.
In preparation for the Delphi exercises a study was made to determine
which technical, social, economic, and political issues might have a
significant impact on the region's marine resources,

A progréssive type of Delphi method will be attempted in which a
list of pertinent developments in the technical environmenf will be
generated and assessed by a technical panel before the important societal
developments are considered by broader multidisciplinary panels. The
prior consideration by a te chnical panel simplifies the problems of
making estimates based on assumptions about the total future environ-
ment, avoids bdgging down the panel members with data and directs
their attention to areas where their interest and expertise lie.

Many of the panel members selected should be experienced in the
technology of waste water treatment and disposal and also familiar with

the Grand Traverse Bay area. The self-appraisal and importance indexes
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will provide a mechanism for developing a subgroup, competent and
interested in waste water treatment and disposal, and thus provide an
opportunity for gaining a level of specificity consistent with operational
planning while considering related factors in the larger technical environ-
ment, Increased benefits from the exercises can be realized if a seminar
is held to review the output of the technical panel,

The broader panels will consider the judgments of the technical
panels as well és other technical and societal dévelopments. Regional
planners and decision makers will be invited to participate along with
Sea Grant researchers., The panels will be balanced so far as is practicable
in terms of experience, age, sex, and so on, and several panels will be
conducted concurrently to check the methodology for consistency.

If the results justify it, a seminar will be held to review the out-
put of the exercises.

The Delphi exercises together with forecasts based on methods
and information from other Sea Grant projects will provide information
for developing alternative scenarios for the Grand Traverse Bay region.
These scenario§ can be subjected to gaming and simulation during which
the Delphi concepts of dynamic feedback and reassessment can be used
to evaluate the impact of various forms of intervention and to develop
strategies as well as to generate exogenous technological and societal
developments. The alternative futures developed could be tested for
feasibility in relation to the state or national environment.

Flexibility can be incorporated in the Delphi exercises so that

the information exchange can be extended to other interested individuals
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or groups on a random access basis. Evaluation and modification of
the methodology to satisfy Sea Grant requirements will be conducted

almost continuously.

Technical panels

There are expected to be about 25 experts participating in the
technical panel with a subpanel knowledgeable in waste water treatment
and disposal formed from the group on the basis of self-appraisal and
importance indexes, Candidates for the technical panel will be contacted
personally to insnre that objectives and procedures are understood and
that all relevant disciplines are very likely to be represented throughout
the period of information éxchange. »This direct contact is also desirable
since it is intended that the initial administrative procedures will be
quite flexible.

The immediate objectives of the technical panel exercises are to
use informed expert judgment to:

1. Establish consensus on the relative importance of

pollution.sources for Grand Traverse Bay and their
potentiai for abatement

2. Obtain the insight of technical experts into the marine

resource _‘ problems and opportunities of the Grand
‘Traverse Bay area
3. Generate a list of technological developments thai:

would be important for the area
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4, Deterfnine the probability, timing, desirability, and
feasibility of these developments
5. Establish a subpanel of experts knowledgeable in the
technology of waste water treatment and disposal and
use their judgments to develop:
a., Weighted alternative épproaches to
waste water treatment and disposal
b. Research and informational references
. ¢c. Research and informational needs
The essence of the Delphi method and modifications can best be
illustrated by going through a serie.s of sequential interrogations or
rounds. Representative forms and responses are attached to this

working paper (Figures 2-11).

Round 1

Each participant is sent a package of general background informa-
tion and estimating forms for (1) sources of pollution and specific
pollutants, and (2) important technical developments relating to
water resources, (See Figures 2, 3, and 4).

It is desirable that the respondents volunteer most of the informa-
tion that will be part of a combined list of events that will be fed back
to them on subsequential rounds and narrowed on the basis of group
judgments regvarding importance and uncertainty. However, the |
administrafor, with his technical consultants, should be prepared on

subsequent rounds to interject some events for consideration by the
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panel if an area of interest is not satisfactorily covered by unaided
responses. The technical developments and sources of pollution are
elicited on estimating forms designed to familiarize the panel with the
estimating procedures and to minimize the inclusion of trivial events
and those that cannot be subjected to the desired specific quantitative
estimates., Definitions associated with the estimating factors for the
early rounds are attached to the estimating forms (Figure 5).

The questionnaires are returned to an administrative assistant
(in the Sea Grant Advisory Office) who records their arrival and insures
that only a panel member's number is on the completed forms. He then
turns them ovér to the chief investigator who, using technical consultants,
will collate and edit them to eliminate duplications,combine similar

events, and retain only discrete events and consistent technical references,

Round 2

Each parficipant receives the edited list of events and pollution
sources and is asked to make his assessments, bearing in mind the
interrelationships of other events that the panel felt were important
(Figures 6 and 7). He may also add other developments that he wishes
the panel to consider., The first two rounds are designed as brain-
storming proceéures with the panel indicating acceptance or rejection
of an idea by the numerical estimates which they assign,

The respon‘ses are summarized to indicate the median estimate
of the group--and selected subgroups--and the spread of opinions., The

range of the consensus can be specifically designated but generally
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the interquartile range--the interval containing the middle 50 per cent
of the responses--is considered to represent the thrust of the current

consensus.,

Round 3

Starting with this round and on subsequent rounds, the statistical
summary of the previous round is presented to the panel members
(Figures 8 and 9). Each respondent is asked to reassess his position
on those events that the panel has decided are important and on which
there exists a wide range of opinions, considering carefully the statistical
summaries, prerequisite technological improvements, and the internal
consistency of interrelated events., If his revised estimate falls outside
the ranges indicated as the consensus for the previous round, he is asked
to provide brief supporting arguments for this extreme position, These
minority opinions together with specific questions directed to specific
panel members--based on an analysis of their previous responses--are
included in the summaries of subsequent rounds. Respondents may be
asked to revise their judgments on specific events as the result of the
administrator's indicating a delay in prerequisite technology or proposing
a specific type of intervention, such as pollution control regulations. (See
Figure 10.)

Those panel members who have indicated a competence and an
interest in waste water treatment and disposal will be asked to indicate
an order of preference for waste water and disposal systems for a region

similar to the Grand Traverse Bay Region, to provide pertinent research
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and literature references, and to list information needs and research
priorities., All respondents will be asked to indicate what problems

and opportunities they foresee for the region (Figure 11).

Fourth and subsequent rounds

The information provided by the group is fed back to the respondents
who are asked to reassess their position on important events on which
there is still no satisfactory consensus and to provide a weighting of
preferred approaches to waste water treatment and disposal and problems
and opportunities of the region.

If the results warrant, a seminar which could include regional
planners and other interested people will be convened to discuss the

results of the Delphi exercises.

Broad multidisciplinary panels

Panels of approximately 25 members will be selected from a pool
of names drawn up from the responses to a participation letter sent to
all researchers 1n the Sea Grant program and to planners and decision
makers in the Grand Traverse Bay Region, Biographical information
provided by the participation questionnaire will be the basis for balancing
the panels, |

The information exchange will be directed so that for the first
two rounds participants from the region will constitute separate panels
from the Sea Gréh’c researchers. On subsequent rounds they will join

together to comprise three combined panels. The output of the separate
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and combined panels will be compared to check the cohsistency of the
methodology.

The immediate objectives of the broader panels are to utilize

informed expert judgments to:

1. Identify important technologiéal and societal develop-
ments--in addition to those identified by the te éhnical
panel--that could influence regional planning in the
next 20 years

2. Determine the probability, timing, desirability,
feasibility, relative importance, and trends of
these developments

3. Anticipate the probable impact of these techno'logical
and societal developments on the region

4, Identify the problems and opportunities for the region
in the next ten years

The iterative feedback and reassessment techniques for the

broader panels are similar to those employed by the technical panels.
Some of the estimating procedures will be modified, however, to deal
realistically with conceptual differences in anticipating future societal

changes and forecasting technological progress.—

6/ The comparison of expected technological and societal develop-
ments is based on information contained in: Raul de Brigard and Olaf
Helmer, '"Some Potential Societal Developments, 1970-2000," IFF
Report R-7, Middletown, Conn., Institute for the Future, Apr., 1970,



-19-

In technological forecasting, technology is genérally treated as
an irresistibleA force which can be accelerated or decelerated by society,
but cannot be stopped or reversed. The occurrence or nonoccurrence
of societal developments, however, depends greatly on the nature of
human intervention and both progress and regression are possible. In
addition, the process of social change is far more complex and the
vocabulary far less precise in the social sciences than in the hard
‘sciences.

Some techniques will be explored to obtain and refine group judg-
ments Withoutr giving an exaggerated impression of precision. One
technique is to present graphically the historical trends of particular
interest and ask the panel to extend the graphs through the forecasting
period. Fe{asi_bvility, desirability, and impor'tance indexes, together with
arguments advanced to support positions outside the median range, can
be used to define a consensus which can be further refined through feed-
back and reassessment,

Another similar technique, which researchers at the Institute for
the Future have used in a series of studies dealing with long-range fore-
casting of technological and societal even’cs,l/ is to elicit from the panel
possible future societal developments which might occur in the forecasting
period and which would represent changes from curreﬁt patterns. Two

nominative scales were used in those studies to indicate the importance

7/ Ibid., p. 17.
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and the strength of the trends. This technique will be modified in an
attempt to avoid some of the ambiguities in scale and timing that were
encountered,

The combined panels of planners and decision makers from the
region and Sea Grant researchers will assess the impact on the Grand
Traverse Bay region of the technological and societal developments
which the technical panel or earlier rounds of the broader panel have
described in terms of timing, desirability, feasibility (social, political,
institutional, technical, economic), importance,and trend. And they
will explore the feasibility of various forms of intervention to avoid
undesirable consequénces 01!1:0 improve the likelihood of realizing
opportunities,

In the Sea Grant exercises ’Ehe Delphi techniques will be used in
conjunction with other methods of obtaining group judgments including
interviews and conferences or semiﬁars to discuss the results of exercises

and the effectiveness of methodological modifications,

v
Evaluation
Evaluating the effectiveness of the Delphi techniques in the Sea
Grant exercises can be related conceptually to the test marketing of a
new product--in this case the new product is a group of management
techniques for obtaining a consensus of informed judgments.
Thus fé.r, the Delphi method has received limited exposure which

has been primarily among technically-oriented people. The Sea Grant
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exercises will provide a unique opporfunity for an evaluation of the method
in an operational exercise with a much broader segment of talented people:
noncaptive respﬁndents and decision makers who have not had a key role
in committing resources to the exercises or an active role in admin-
istering them. _Even more important the participants will be particularly
well qualified to criticize the te chniques--thejr are not only concerned

with the substantive results of the exercises but are dedicated to searching
for improved methodologies and have a relatively keen awareness of the
behavioral difficulties encountered in conventional approaches to group
deliberations and assessments. Their recommendations could result in
significant improvément and refinement of the method as well as wider

applications,



FIGURES (2-11) AND APPENDIXES

These forms and figures are not necessarily those
that will be used in the Sea Grant Delphi exercises
but are given as examples of the type of informa-
tion that will be contained in the early rounds.
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TECHNICAL PANEL 1

PANEL MEMBER 01

INFORMATION PACKAGE ONE
This information package consists of:
1. A general socioeconomic summary of the area.

-2, A general summary of marine resource problems
and opportunities and alternatives in waste water
collection, treatment and disposal.

3. Forms to be accomplished,

a, sources of pollution ,

b. important technical developments
relating to water resources

c. problems and opportunities for the
region ' '

d. biographical information

Please submit your response as early as practical but
no later than

To:

Delphi Exercises
Sea Grant Advisory Office

Figure 2, Information package for Round 1 of Delphi Technical Panel 1.
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Definition of Estimating Factors and Indexes

Self-evaluation indexes -- scale 1 to 5

(a) Familiarity'w‘iyth the Grand Traverse Bay Region

Your estimate of your familiarity with the Grand Traverse Bay
Region (the 10 county area shown in the information package)

= Totally unfamiliar with the region

= Casually acquainted with the region

Well acquainted with a few aspects of the region
= Generally familiar with the region

= Actively studying the social and economic
development of the region

Or W WO N =
1

(b) Familarity with the item being considered

Your estimate of your knowledge and comprehension of
the specific development being considered in comparison to other
researchers who are participating in the Sea Grant Program at the
University of Michigan

= Unfamiliar

= Slightly familiar

Generally acquainted

= Well acquainted with most aspects

= Expert or researcher working in the area

Ul W N =
1

Feasibility indexes -- scale 1 to 5

(2) Technical feasibility

Your estimate of the technical difficulty in accomplishing
the event. Assume a political and social environment which might
evolve normally from present circumstances

= Extremely difficult
Very difficult
Moderately difficult
= Slightly difficult

= Routine development

Ul W N =
1

Figure 5. Definition of estimating factors and indexes--early rounds,
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Definition of Estimating Factors -- continued

(b) Economic feasibility

Your estimate of the economic reasonableness of accomplishing
the event. Assume a political and social environment which might evolve
normally from present circumstances

= Extreme subsidy required

= Moderate subsidy required

Economic aspects are of minor concern
= Slightly attractive economically

= Economically attractive

Ul WD W IV =
il

Although the main focus of this panel is on technical performance,
some developments will be highly dependent on economic considerations.
For some of these developments technically trained individuals can best
make the economic feasibility assessment.

Timin

In an attempt to reconcile variations in personal probability
estimating routines and to further refine the consensus of informed
judgments, you are asked to:

(a) Estimate the probability that the event will happen in
the 1971-1980 time period

(b) Estimate the dates by which the probability is . 25,
.50, and . 75 that the event will have occurred

(c) Indicate--by remarks--any significant discontinuities
in your probability estimates

(d) Indicate numerical probability estimates for each of a
list of probability-related words and phases. This is
a one time requirement and is an attempt to develop
verbal labels to a probability scale which can be used
in estimating societal developments where numerical
estimates could give an exaggerated impression of
precision ‘

Importance Index -- scale 1 to 10

Starting with the second round the events will be rated according
to their importance to the exercise as judged by the panel. In subsequent
rounds only 'important' issues on which there is no reasonable consensus

Figure 5 (con't).
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Definitions of Estimating Factors--continued

will be considered by the panel. After examining all events on
the estimating form make a judgment as to the most important
and least important and assign a value of 10 and 1 respectively.
Then assign each of the other events values from 2 to 9 as you
estimate their values relative to the most important and least
important events. You may assign the same value of any number
of events, \

Personal Probability Assessments

Personal probability assessments are an important feature
of the Delphi techniques. However, in estimating probabilities
associated with social and political developments numerical scales
give an exaggerated impression of precision. Therefore an attempt
will be made to establish for each Delphi panel an ordered list of
verbal phrases that corresponds generally to commonly used numerical
probabilities. You are requested to assign a numerical probability
from .00 to 1.00 to each of the following verbal phrases that intuitively
express the notion of the likelihood of an event, for example:
Likely = , 70,

Highly probé.ble = 11. Slight odds against =

1.
2, Very likely = : 12. Uncertain = :
3. Very probable = . 13, Somewhat unlikely =
4. Quite likely = . 14, Fairly unlikely = .
5. Good chance = L 15, Rather unlikely = .
6. Likely = - 16. Not much chance = .
7. Rather likely = . 17. Improbable = L
8. Better than even = . 18. Quite unlikely = L
9. Slight odds in favor = 19. Very unlikely = .
10. Tossup = . 20. Highly improbable =

Figure 5 (con't)
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Select from the above list--or add your own--verbal phrases that best
describe the following numerical probabilities,

.10 . | .75
.25 .90
. b0

Figure 5 (con't).



-31-

‘sjusowdoreAsp jurjroduwil 3UljRWIIISS 10] WIIOJ 7 PuUNoOy ‘9 2an31,

H

i

=

NS RPN LAY TN

0 o e ne R e S0 e

‘= . .Hf ..“. : . - - I - - wd A
syIewWway GL '=X10G =X |g7 '=X ON oo.H ﬁ_ S-1 -1 ©OI-1i{g-1 juswdota o‘ﬂ H.mu.@nﬂuoh
e Ryt S R A 0 2 RS S S e e e AT N e uEtin e 1t - - -
m8e g Rl B
o > g § g g
om ~ O Q f=1 (= o
. Q. o — =1 ey < ey
pP2I1ans520 sAry I W, oOO w I % w. . m ‘jusA9 pajsiy
| | =Gz - CIIiM JusAD 9Yj 3ey] a 2 _..m o o3y m.. = m = ' ou @ﬁmngnoum S1 JU9AD
TeqIaa-24a13eIIIURNE X st £3111qeqOoad L arg e 1ok I we j1 93ed1pUl ‘(3usuniad i
£3171qRqOag oy3 yorym Aq Iesx 8 2 8. s« #[uo £3111q1sed] d1WoOU0d8) Jydix
> 34 iy
sMaIB'WOY Surwuy g, £} m (s PR A3111qises g Tm. % 9Yj UoO sJ031D0®'J 9Yj 03] 30adsaux
Y3im sjuowdo[aA9p [[e 93Bn[RAN ¢

"I9plsuod 03 [oued ayj a1 pinom nod jey]

S]1U9AS I9YJ0 PPV m.ﬂmm:w 0Z 3X9U 2Yj] Ul B2I® 913} JO S9DINOSSI SULIBRW 2Y] 0)
juejroduwit se [aued ayj Aq paInqlrijuod sjuswidO]oASp [BOIUYDD] 2B MO[aq palsiT 7
----(g-1 @21e2s) wo1y LAeg asiosael] purin Yjim Kjlrieljiweq (V) uorzenteas-jiog ‘1

sjuswdorsas@ jueizodw] :(y) wiog ZuprRWISH I9qUWIDIN [oUuB(d
Z punoy

-



‘sye13uejod uornjiod SUIIRWIISS I0F xrrjews ¢ Punoy -, oandig

001 .ooﬁmooﬂ m 00T ooﬂmooﬂ 001 Mooﬂmﬁ?l,?i% ‘‘‘‘‘‘‘ e 00T ©03 wns pPInoYs S83eWI1IS:
. i S P u. e % . . .w el - .- . w B m - L . B e e [ . e s mmtaar e
| A - |
! i i | i :
o~ i i :
[ : : : :
: L |

: ; ! : ‘ . , w Suissadoid poog ‘e

: W ; ‘.. : : : . s93jsepm TelrIiisnpul ‘§
m ] 330 unI I9jem WIO0IS ‘¢
; .” : uoi3oux oY3 ut syuej onydeg 7
. H H : B i
] : . (suo1rjTuIjop 99S8)
r i : ; ; ,.. ﬁ wialshs a3eromos 4319
! w H ] . ©SJI9ARBIJ, WOJJ JUSNTIIA I
B e e P e A e A P L AL Lt o Th i, A R A3 s e Bt Tz B e i e et i.” u.a\.,.}]l-M..Js!ii\l.‘{,m,.i..rx..,..}x.x,..i..,..Zi "..,u.s,..i U VRO S H i m
souerjsodwil JO I9pPIO Ul juejinjjod o13109ds dog-T G-1 OI-T {01-T M G-1 9d0inog jo uoridiiosa(g
( asqunu £q) 3sTT 3O 9, 3eYym S3IJNQIIJUOD 9DINOG :
s S R 513 S o e e e e e s e o e e e S U
‘8 P P oo M !
. : | o : ; i
L . i @ i : i spusxj juosaad
. H o | TR~ : i P 33 I
: ; 9 ; ) i m i w : YIIm JUSISISUOD ST YOIym
sxo 1 i - 2 : : .
o Y30 3stI - Y I R T S — 2 I g juswiuoItAUL Jed13ITod
ns xajem OI[qn : el : : ’ . :
i 3 : mang .m ] 1m ...m.MM foo o < g o SRR o g puU® [BIDOS ® SWINSSY
. , so139ylsey  p i g a3 o @l g = S0 1 B {ryStx ey) uo s1030%F AW
iTen 2jeMm "sn . Pom i o Poo i o P e
A3 I93® snpuy ¢ i 5] 5 0% e |21 & o b S R B 103 30adsax yjim ojenieAT 7
durysiy TEIDI2WIWICY) ‘7 T i HI om:omMm Z ki@ e e c
101 sio ; | i m : T =
3 H H H
uomeaIdIY I o i m i K I9pPISUOD
s H H
S - ~EPY o I : ;3 | 03 1oued ay3 oxI] pInOM
n

Aji1Iqisea g spmejiodwy |
juswiajleqy aA13RI®Y |

| Po3Id8Iy SOUIALIDY umuﬁmusﬂo,n,ﬁ 1J10odg

S1WIOUODH pue [BID0G

nof Yosiym siayio ppy I

T, G 'S 1 kg

:

‘sjueinijod d1y10ods swos pue Aeg osisavi] purin jo uoinijod Jo s25Inos Te1juajod 2WIOS 91B MO[Oq POISIT

. I9qUISIN [oued
uonI[og JO s921nog g waioyq Zuljewiiisg 7 punoy

-



-33.-

SUMMARY OF GROUP RESPONSE

1. The following events will not be considered further by the panel because

the panel has indicated that they are relatively unimportant.

2. The following events will not be considered further by the panel because

a reasonably strong group consensus has been indicated.

3. You are asked to reassess your estimates of the remaining events on
the basis of information supplied by your Delphi panel. Consider the
interrelationships among events as well as the judgments of the other

panel members.

Figure 8. Events relegated to background information based on importance
and consensus.
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Estimating Form C: Problems and Opportunities

List what you feel are the most important problems and opportunities
in the Grand Traverse Bay Watershed Area related to its water resources.
Be as specific as practicable. A combined and edited list of problems and
opportunities will be fed back to the panel on the next round and estimating

proceedures will be employed to establish their relative importance and
impact on the region.

Figure 11. Form for developing an ordered list of problems and opportunities.



APPENDIX A

INITIAL MEMORANDUM TO TECHNICAL PANEL

MEMORANDUM
TO:
FROM: John D, Ludlow

Regional Economics and Water
Resource Management
Sea Grant Program

SUBJECT: Delphi Technical Panel 1

Thank you for agreeing to serve on the '""Delphi' panel to consider
technological developments that will have important influence on the
water resources and related social and economic development of a
region with the general physical and economic characteristics of the
Grand Traverse Bay watershed area, This panel is made up of
approximately 25 technical experts from the University of Michigan
whose reputation and experience indicate that they can make a valuable
contribution toward a definition of future technical environments for
water resource management,

This Delphi exercise is part of a program to develop regional
forecasts which emphasize the interdependence of economic and social
development and water management decisions, A summary of the panel's
judgments will provide background information for broader based Delphi
panels-~including regional planners and decision makers--which will
consider the social and political as well as the technical environment.

Although a considerable amount of empirical data is being developed
in the regional economics program and other Sea Grant projects, the
best source of insight into the future is the judgment of well informed
people. In the Sea Grant program, which employs the concepts of
systems analysis and a multidisciplinary team of researchers, one
of the most challenging issues is that of securing the consensus of those
judgments on important issues. The Delphi techniques developed by
researchers of the RAND Corporation provide a systematic method for
obtaining and refining opinion and appear to have the flexibility to be
effective in relating forecasting to regional planning.

-37-
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The basic features of the Delphi method--anonymous response,
numerical estimates, statistical group summaries, controlled feedback
and reassessment--provide a systematic method for obtaining informed
judgments that preserves the desirable characteristics of conventional
methods of obtaining group judgments while minimizing some of the
associated behavioral and administrative difficulties.

The panel is a multidisciplinary group and it is expected that
some members will be experts in specialized areas while the com-
petences and experiences of others will span a wide range of disciplines,
Self appraisal indexes will permit the respondent to indicate his relative
competence on specific issues and his familiarity with the region,

Experiments have shown that feedback and reassessment often
result in the convergence of opinions as common elements of judgment
are reinforced, ambiguities resolved, extreme positions clarified,
and judgments formulated and refined as the interrelationships of events
and the weighted opinions of experts in other areas are considered.
However, the feedback and reassessment of informed judgments should
be tremendously valuable even if it does not lead to convergence.

The information package for the first of four rounds of question-
ing is enclosed with this letter. In each round after the second a panel
member will receive a copy of his past response and a summary of the
values assigned by the entire panel and by various subgroups within
the panel. Special instructions will accompany each information package
but you may want to retain this letter for future reference. To insure
anonymity each respondent will be identified by a number~-which will
be linked to his name only for the purposes of mailing out information
packages and checking in the responses. This will be done by an admin-
sitrative assistant in the Sea Grant office. Some biographical informa-
tion will be requested to help develop statistical summaries for subgroups
within the panel. The first information package is relatively large
because it contains much background information. An important feature
of the Delphi method is that it does not require elaborate development
and support of positions taken on each issue. After the panel has
established which items are to be considered first,these will be con-
tinuously narrowed until only those items are left judged important
to the exercise and on which a satisfactory consensus has not been
reached. '

The immediate objectives of the technical panel exercises are
to use informed expert judgment to:

1. Establish the consensus on the relative importance
of pollution sources for Grand Traverse Bay and
their potential for abatement
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2. Obtain the insight of technical experts into the
marine resource problems and opportunities of
the Grand Traverse Bay area

3. Generate a list of technological developments
that would be important for the area

4, Determine the probability, timing, desirability,
and feasibility of these developments

5. Establish a subpanel of experts knowledgeable
in the technology of waste water treatment
and disposal,and use their judgments to develop:

a,  Weighted alternative approaches to
~waste water treatment and disposal

b. Research and informational references
c.  Research and informational needs

Please feel free to request any additional information--either
by telephone (764-1366) or with your questionnaire response. A final
summary and a complete analysis of the exercises will be sent to
each respondent upon completion of the final round of information
packages, expected to be round four,



APPENDIX B

GENERAL SUM‘MARY OF PROBLEMS AND OPPORTUNITIES IN
MARINE RESOURCES AND ALTERNATIVES IN WASTE
WATER COLLECTION, TREATMENT, AND DISPOSAL

The emphasis in the Delphi exercises will be on developing care-
fully formulated informed judgments. The panel will consider concurrently
(1) interreléted regional development and marine resource problems and
opportunities in the Grand Travefse Bay Watershed area, (2) the relative
importance of sources of pollution and the economic and technical
feasibility of controlling them, and (3) the technical environment relating
to the treatment and disposal of wastewater.

The identification and evaluation of discretely defined problems
and opportunities is a fundamental phase of a longer-term research pro-
gram designed to plfovide knowledge, information, and methods for more
comprehensive ménagement qf regional marine resources. The attached
Exhibit 1 is a summary of general marine resource problems and
opportunities for the Grand Traverse Bay Watershed area. The con-
sideration of these issues involves a relatively high level of technical
expertise and Wogld benefit from an information exchange by technical
experts prior to consideration by a broader panel.

The issue of wastewater treatment and disposal will be used to
evaluate the effectiveness of the Delphi methodology in initiating the
exchange of technical information and presenting the results in a form
that can be used by 'regional planners and decision makers. In con-
sidering the issue, the objective is to gain the highest water quality

-40-
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consistent with the maximum benefit to the people of the region.
General alternatives in waste collection, treatment, and disposal
are presented in Exhibit 2. Exhibit 3 illustrates the effects of

domestic and industrial wastewater on water-based activities.

1/

Statement of the Problem =
Domestic wastewater includes the liquid wastes originating in
the sanitary conveniences of dwellings, business buildings, factories,
and institutions. By comparison, industrial wastewater consists of
the liquids discharged from commercial and industrial establishments
including water used for processes, boiler feed, manufacturing, or
cooling. Domesvtic wastewater is sometimes treated on an individual
basis by means of septic tanks or cess pools and then discharged to
the ground. Altérnatively, domestic wastewater can be collected in
sewers and transported to a central treatment plant; following treat-
ment the wastewater (or effluent) is discharged to the ground or into
a water course. When a central treatment facility is e_mployed, the
waste is typically referred to as "municipal wastewater' and usually

consists of a combination of domestic and industrial waste.

1/ The statement of the wastewater treatment and disposal problem
and the associated illustrations are adopted from a Sea Grant project
document: F.A. Smith, et al., Fourteen Selected Marine Resource
Problems of Long Island New York: Descriptive Evaluations, Report
to the Marine Resources Council, Nassau-Suffolk Regional Planning
Board, January, 1970 (Hartford, Conn.: The Travelers Research
Corporation, 1970).
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Domestic wastewater consists of complex organic matter which is
subject to attack by fnicro-organisms that transform it to a stable form.
Domestic wastes a.re heavily laden with disease-producing bacteria and
viruses excreted by persons suffering from or '"carrying' infectious
diseases. When domestic waste is treated using septic tanks or cess
pools, it is subsequently discharged to a ground water table, and, con-
sequently, such wastes may eventually reach a surface water body. Since
the transmission of wastes to surface water via the ground water table
is circuitous, it is difficult to forecast quantitatively the ultimate effects
on surface water quality.

In contrast, the impairment of surface water quality resulting from
direct wastewater discharges is more evident. The impact of such a dis-
charge depends on the characteristics of the waste stream before treat-
ment, the type of treatfnent; and the location of the discharge. Available
treatment methods can accomplish everything from the simple removal
of large solid materials to the production of water of highest quality
suitable for human consumption. Typically, however, treated municipal
waste discharges affect the following surface water characteristics:
pH, turbidity, suspended solids, bottom deposits, concentrations of
bacteria and viruses, dissolved oxygen, phosphorous compounds, nitrogen
compounds, and the concentration of oxygen-consuming organic matter.
Industrial wastes (and municipal wastes with significant industrial waste
compounds) may also influence a number of additional water quality

characteristics, such as concentrations of metallic ions and other chemical
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elements, depending on the composition of the industrial waste sources.
Changes in these water quality characteristics in turn can significantly
affect the types and quantities of biological organisms inhabiting the
affected environment.

Changes in the levels of environmental characteristics noted above
can influence a large number of water-related activities which, in the
case of Grand Traverse Bay, include swimming, boating, water-skiing,
and commercial and sport fishing. The specific groups of people affected
quite naturally ihc'lude all those associated with these activities as direct
participants, and may even affect many individuals who do not make direct
use of the Bay insofar as they feel 'less good' when the environment is
degraded.

The substantive contribution of the Delphi exercises is expected to
be planning—oriepted information concerning an issue that is extremely
important to regional decision makers together with the identification
of informational needs and the development of priorities for additional

research in the Sea Grant program.
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MARINE RESOURCE PROBLEMS AND OPPORTUNITIES FOR
THE GRAND TRAVERSE BAY AREA

Sport and Commercial Fishing

Waste from Marine Vessels
a. oil and gas pollution
b. _- sanitary wastewater discharges
c.. overboard trash disposal

Water Recreation
. quality
-quantity
ancillary facilities
conflict between residents and non-residents
seasonal and daily variations in demand
conflict between recreational and non-recreational
uses ,
g. conflict among different recreational uses
(e.g., water skiing vs, swimming and fishing)

A R L

Solid Waste Disposal .
a. households
b. industrial ..
c., commercial
"d. government units

Thermal Pollution and Thermal Enrichment
- Oil Spill Pollution
Chemical Pesticides
a. households
b. agriculture
Fertilizers
a. households

b. agriculture

Domestic and Industrial Wastewater Treatment and Disposal

Exh';bit 1, Marine resource problems and opportunities,
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ALTERNATIVES IN WASTE COLLECTION AND TREATMENT

1. REGIONAL VS, LOCAL COLLECTION AND
TREATMENT

2, MUNCIPAL-INDUSTRIAL

Spectrum of combined collection/treatment
possibilities

3. SEPARATE VS. COMBINED SEWERAGE SYSTEMS
- (I.E., SEPARATE SANITARY AND STORM SEWERS)

4, ' TREATMENT ALTERNATIVES
"a., Primary
b. Secondary (convéntional)
(1) activated sludge.
(2) trickling filtér
(3) lagépns
c. Secondary (with phosphate removal)

d. Secondary (physicochemical--high level
treatment) ‘

- e, Tertiary (for use with secondary but not
needed if you have physicochemical)

DISPOSAL
a. Spray irrigation
b. Industrial or municipal reuse

c.. Discharge to receiving water

Exhibit 2, Alternatives in waste collection, treatment, and disposal,

e
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LEFT. The Grand Traverse
Bay (see inset) serves as a model
for the University of Michigan's
Sea Grant Pilot Program. It pro-
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Exhibit 4.

The Grand Traverse Bay Region



APPENDIX C

SOCIOECONOMIC DEVELOPMENT IN THE GRAND

TRAVERSE BAY REGION

The Northwest Economic Development District is a state
planning region made up of ten counties and approximates
the Grand Traverse Bay watershed area. (See Exhibit 4.)

The major natural assets of the region are related to
its water resources. It has hundreds of miles of Lake Michi-
gan shoreline and numerous clear water inland lakes and
streams. It has thousands of acres of pine and hardwood
forest abundant in wildlife, areas of clean fine sand, and
deposits of gravel, limestone, and salt. The whole district
is characterizéd by glaciated land with high rolling hills,
broad valleys, and plateaus. It centers on the 45th parallel
and has a seaéonal climate with warm pleasant sﬁmmers and
cold snowy winters.l/

It is part of the Upper Great Lakes Region. This is
an area of 119 counties in the northern parts of Michigan,
Minnesota, and Wisconsin that has been identified as

socially and economically disadvantaged, and has been the

1/

=" "pPrologue for Accelerated Growth of Economy," a re-
port of the Northwest Michigan Development District, Traverse
City, Michigan, Oct., 1968.
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subject of inténse study and special funding by the federal
government in an effort to reestablish social and economic
development at a rate comparable to the rest of the country.

The weakﬁesses in the economy of the Upper Great Lakes
Region include

- Small population

- Slow population growth

- High outmigration

- Slow structural change in industrial employment

- High unemployment

- Low pef-capita income

- Large low-income class

- Small high=~income classg/

The Upper Great Lakes Region is characterized as a rural
area without much potential for agricultural production., It
has lagged behind the nation and the remaining parts of
Michigan, Minnesota, and Wisconsin in economic development.
Manifestations of this lag are the income gap, the steady
outmigration, and the persistently high levels of unemploy-
ment. The region has seemed inaccessible and unproductive to

3/

business and the environment hostile to it.>= The Grand

2-éattelle Memorial Institute, "Industries Suited for
the Upper Great Lakes Region," a report by David C. Sweet,
John M. Griffin, and Hal S. Maggied, Columbus, Ohio, 1970,

3/

= Ibid., and '"Development Strategies—Upper Great Lakes
Region," Annual Report of the Upper Great Lakes Regional
Commission, Washington, D. C., Jan., 1969,
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Traverse Bay area, a subregion in the Upper Great Lakes Re-
gion, has a Socibeconomic development history that approxi-
mately parallels that of the larger region. However, in the
past ten years there have been some significant changes in the
trends of tﬁe social and economic development of this region
and it mhy be helpful, as a frame of reference, to compare

the development of the Grand Traverse Bay area with the whole
Upper Great Lakes Region, as well as with the state of Michi-
gan and the nation,

The.economic history of the region shows that its
natural resoufces have been exploited and depleted in turn
by fur traders, loggers, and various forms of agriculture.
Subsequent eXpefimentation and management have enabled
wood products and agriculture to regain a significant but not
leading role in the area's present economic structure.

The area has long been a favorite summering place and
with the development of winter recreational facilities—
skiing and snowmobiling are the two of the fastest growing
forms of recreation in the United States-——and the introduction
of coho and king salmon for sport fishing, it has strengthened
its claim to be the most popular tourist area in Michigan,
which in 1967 ranked as the fourth most popular vacation
state in the nation. It now serves as a vacation land for
people in the metropolitan areas to the south, and tourism
and recreation, together with supporting services, consti-

tutes the leading economic activity of the region.



-51-

The region's highest population level, 164,000, was
reached in 1910. With the depletion of the forests and the
cessation of related jobs the population dropped sharply.

By 1920 it was only 132,000, and it reached a low of 120,000

in 1930, Preliminary 1970 census figures reveal that approxi-
mately 155,000 pgople now live in the region—a density of

less than 35 per square mile. The population growth during

the 1950-60 period was 2.6 per cent, far lower than that of the
state (24 per cent) or the nation (18.5 per cent). However,

in the 1960-70 period the gap narrowed as the region's growth in-
creased to 11.4 per cent for the decade,while the growth of the state and the
nation eased to .approximately 13 per cent. Since the region's growth
rate increased steadily throughout the period it is not
unreasonable to assume that its annual growth‘rate at the
present time exceeds that of the state and nation.

However, growth and population density are not uniform
throughout the region. Grand Traverse County currently has
approximately 25 per cent of the region's population. Its
population increased by 14.5 per cent between 1960 and 1970.

The Traverse City metropolitan area has a base population of
32,000 and has been designated the primary growth center for

the region in predictions based on the variety and quality

of the business and industry already established there.é/
Its geographical location with access to Grand Traverse Bay,

and the size of its tourist, commercial, and manufacturing

4/

— "prologue for Accelerated Growth of Economy."
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activities make it an excellent focal point from which growth
can be generated to radiate throughout much of the region and
be reinforced by the secondary growth centers of Manistee,
Cadillac, and Petoskey. These secondary centers of growth
have populations ranging from 6 000 to 11,000, are strategially
located, and.their social and economic development show trends
similar to that of Traverse City,

During the summer months, with the influx of vacationers,
the population of the area approximately doubles. These
summer people require services and their property comprises
a substantial portion of the local tax base. Many of the
natural resource development projects must have the support
of these people to be effective.

Immediately to the south of the region are some of the
fastest growing areas in the United States and there are some
indications that the population growth of the region will
increase as expansion gradually spreads north.

One important indicator of possible future population
growth is the net migration of people in and out of the area.
The prime motivating force of migration is economic in nature,
with quality%of life gaining importance as a secondary motive,
Between 1950 and 1960 the region experienced a negative
migration_rate of 9.3 per cent, compared to a net positive
rate of 2.5 per cent for the stéte. However, the migration
rate of the area in the past ten years has gradually reached
the neutral bosition which it holds at present. Some of the
reduction in net outmigration is due to the movement into the

area of people of retirement age. A negative migration rate
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has an adverse effect on a region since the people most likely
to move out are the young, relatively well-educated and pro-
ductive workers who have the widest range of job opportunities
open to them. The negative migration rates of the past are
reflected by an imbalance in age distribution; the proportion
of the region's people in the older age group is higher than
that of the state or nation and the proportion in the most pro-
ductive age bracket correspondingly lower. The youngest and
oldest age groups make the greatest demands on a community
for social and welfare services such as education, recreation,
and medical care and are least able to contribute to meeting
the cost of these programs, The financial burden falls on the
age group most adversely affected by outmigration.

Indians make up the regions only significant minority
group and represent less than 2 per cent of the population.

Among the various measures for determining the relative
importance of'any particular industry to the economy of a
region, the level of employment is particularly meaningful to
this area. In 1968 all of the ten counties in the region
were qualified for special grants, loans, and technical
assistance under the Economic Development Act on the basis
of high rates of unemployment.é/

Historically, the region has had a narrow-based economy,
resulting in economic instability when the resource supporting

the economy was depleted. Substantial growth and diversification

5/
~ Ibid.
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havevtaken pléce in recent years and the region's economy
has become less reliant on seasonal and low-wage industries.

In 1967 the five economic sectors employing over 10 per
cent of the region's work force represented 84 per cent of
the region's émployment. These were manufacturing 27 per
cent, wholesale and retail trade 16 per cent, self-employed
15 per cent, government 14 per cent, and services 12.5 per
cent (Table 1). When compared to 1960, the most significant
gains were in services, government, and manufactﬁring.

Agriculture employed a stable 7.5 per cent of the
work force but represents a more important portion of the
economy than employment figures indicate because it is
resource based and has a high proportion of value added
in the final product that is sold. In addition, approximately
45 per cent of the product produced is over and above the
needs of the people in the region and is exported. These
experts bring money into the region or are used to import
other products.

The manufacturing sector offers the greatest opportunity
for economic growth in the region but also the greatest threat
~to enviroﬁmental quality and the dependent tourism and re-
creational activity. Manufacturing was the largest employer
in 1960 and 1967 with a relatively strong growth rate during
thét period. The ratio of employment in manufacturing for
the region is below that of the state, but above that of the

Upper Great Lakes Region. Available regional employment data
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for 2-digit SIC manufacturing industries accounts for over

85 per cent of ﬁanufacturing employment used to develop the
ratios by economic sectors. These data show important changes
in the industrial structure of the region. In the 1959-67
time period total manufacturing employment gained 43 per cent,
from 9,307 to 13,278. Grand Traverse County accounts for
approximatelyk25 per cent of the region's employment in manu-
facturing and experienced a growth rate of 45 per cent in

this area over the same time period. Those industries within
the region, which deviated significantly from the average
growth rate, are shown in Table 2,

In some industries it is necessary to go to the 3~
digit SIC code to gain an accurate impression of changing
demand or technqlogy. For example an impressive gain from
387 to 889 (130 per cent) in motor vehicles and equipment
(SIC-371) was overwhelmed by a sharp drop in ship and boat
building and repairing (SIC-373) resulting in the apparent
poor growth performance in transportation equipment (SIC-37).

The Upper Great Lakes Region historically has relied
on nafural—resource based industries, If paper and allied
products are included in the category of industries dependent
on natural resources, the total employment in this area was
55 per cent in 1960 and 51 per cent in 1967 of total manu-
facturing employment. Natural-resource based industries are
not expanding as»rapidly nationally as some of the fabricating

6/

and specialty industries.—

g/Bat’celle Memorial Institute, "Industries Suited for
the Upper Great Lakes Region."
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By comparison, this group of industries is much 1e§s
iﬁportant in the Grand Traverse Bay Region, where it con-
stituted 32.5 per cent of total manufacturing employment
in 1960 and 25.6vper cent in 1967. (See Table 3.)

Agriculture (7.5 compared to 13.2 per cent) and mining
(negligible compared to 2.5 percent) are other resource

based segments which are less important in the Grand Traverse
Bay area from the standpoint of employment than in the Upper
Great Lakes Region.

Table 4 indicates that the industries in which employ-
ment opportunities in the region are increasing most rapidly
are generally those in which the wages are relatively higher.

Table 5 shows that per capita income for the region
was approximétely half that of the national average in 1940,
but that the income trend as a per cent of United States
average per cépita income has subséquently steadily improved
relative to the nation, the Upper Great Lakes Region, and
state of Michigan.

Supporting factors for industrial development include
transportatibn, recreation, environmental quality, communica-
tions, energy-generating utilities, water and sewer facilities,
housing quality, investment capital, and institutional resources.
Only a brief word about the most apparent problems and oppor-
tunities in these areas will be offered.

Transportation includes both the facilities and processes
involved in distributioﬁ of a product and acquisition of

the factors involved in production. Except for natural

resource based industries the regional manufacturers are at
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a disadvantage in competing with firms located closer to the
major markets-—disadvantages which may be offset by advan-
tages in othervfactors such as cost and availability of
labor. However, products with some combinatioh of high
value to unit weight, short transit time, and special ser-
vice requirements are amenable to air transportation, in
which case locational advantages are related to airport
accessibility. In such cases, the integrated industrial
park-airport concept at Traverse City gives an area which is
otherwise relétively poorly located from the standpoint of
transportation definite advantages. for distribution of
products and acquisition of the materials for production.
Another important advantage is the convenience of workers
and managemeﬁt.to fly to and from business engagements and
social, cultural, and recreational centers which is an
inducement in recruiting personnel.

Prospeétive industries and businesses are concerhed
not only with plant location advantages but also are placing
an increased emphasis on community services and the quality
of living conditions.

The environmental quality of the region and its re-
creational opportunities not only provide the basis for the
leading econdmic activity=—tourism and recreation—but also
aid in attraéting other businesses and industries. The
region faces some critical decisions in determining the trade-

offs between economic development and environmental quality.
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One of the more insidious problems of the region is a
deficiency of adequate housing. In some communities the
shortage is severe enough to prevent workmen from moving into
the area and to restrict business expansion. The 1960 cen-
sus report indicated that only 25 per cent of the housing
units were connected to public sewers and only 76 per cent
had hot and cold running water. The 1970 figures have not
been analyzed as yet but the difficulties in obtaining home
loans throughout the nation in recent years together with the
lack of individual security to'gain loans, the limited re-
sources, and the conservative lending practices of financial
institutions within the region make it unlikely that the
situation has improved dramatically.

Hospital facilities are generally adequate, and at
Traverse City and Petoskey the medical complexes are excep-
tional, both in quality and diversity of their staff and

equipment.Z/
The lack of venture capital from financial institu-

tions within the region is a restricting factor. Many
potentially Successful operations are never started and
those that are financed and operated by "outsiders" are
often treated with skepticism by the local peOple.

Because educational institutions provide much of the
training needed to create a productive labor force and are

a factor in attracting desirable industries and services the

7/

- "Prologue for Accelerated Growth of Economy."
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quality of ité education is vital to the development of an
area, In general, schools in the Grand Traverse Bay Area
are well cared for and adequately staffed. Beyond the high
school level thefe is Northwestern Michigan College at Traverse
City and Nortthentral Michigan College at Petoskey, both |
basically two-year vocational—technical’schoéls. Northwestern
Michigan College has recently established a Great Lakes
Maritime Academy with a three-year program to train seamen
specifically for Great Lakes shipping.

Perhaps the most critical issue facing the communities
in the regidn is that of waste water treatment and disposal.
Only half of the communities provide a sewer system. The
use of inadequdte septic tanks and outdoor privies in close
proximity to lakes and streams present an added hazard to
the environment when the population is more than doubled
during the warm.summer months., The present sewage system
at Traverse City has a primary treatment plant able to pass
peak flows of only 13 MGD (million gallons per day). Plant
efficiencies are less than 20 per cent removal of suspended
solids,

During 1969 the state of Michigan's Water Resource
Commission rated 64 industrial establishments in the area,

_ of which 31 had less than adequate waste water controls.
One of these was the Morgan-McCool cherry and apple canning
plant which was reportedly dumping into the bay 547,000
gallons of waste every day during the canning season in July

8/

and August.—

§/"Traverse City's 'Shaggy' Waters Endanger Tourism,"
Chicago Tribune, Oct. 26, 1970,
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New Opportunities

Important technological and sociological changes are
providing new opportunities for rural areas with limited
agricultural potential in the Upper Great Lakes Region,
Industries andeorkers are recognizing increasing diseconomies
associated With urban locations. Many highly»skilled people
are giving added importance to the quality of the environ-
ment when making vocational and locational decisions. Inter-
state highway systems, better employment information systems,
and a more mobile labor force make it easier for industries
to locate awaj from urban areas. In an increasingly mobile
and affluent éociety people are willing to travel greater
distances for both work and recreational purposes.

With imaginative planning and preparation, the Grand
Traverse Bay Region can benefit socially and economically
from these trends. Many of the region's characteristics
that were once considered sources of weaknesses, such as
low population density and remoteness from metropolitan
areas, could become assets. If the younger segments of the
population can be properly educated and trained and can be
induced to remain in the region as the nucleous of a pro-
ductive labor force, and if ways can be found to utilize
the experience and talents of the older segments, the prob-
lems associated with present imbalances in the age structure

of the region may become opportunities.



_67-

There is considerable evidence of pollution and deteri-
oration in the water resources of the region. However, the
people of Traverse City, in cooperation with five surrounding
townships, have assumed the leadership in seeking solutions
to the area's water pollution problems by initiating the
development of a regional sewage treatment plan. The present
sewage treatmenf plant will be expanded to meet flow capa-
cities predicted for the year 1990 and will be modified to
provide secondary treatment capable of removing 90 per cent
of the impurities from sewage and industrial wastes, in-
cluding 85 per cent phosphate removal. Once the plant is
built, industries will be required to divert their wastes
into the muﬁieiple treatment system or to treat it themselves
to meet pollution control standards.

Since 1967, the Economic Development Assistance Program
has provided funds for, among other projects, the expansion
of Antrim County and Traverse City Airports, water and sewer
facilities in the village of Kalkaska, marinas in the cities
of Petroskey, Manistee, and Northport, and dock facilities
for the Great Lakes Maritime Academy at Northwestern Michigan
College.

There are many indications that the people in the
region are acting to enhance the positive aspects of the
region. Hunting, skiing, and snowmobiling are being added fto
tourist and recreational areas to complement their summertime
attractions and provide a year-round business. There appears

to be widespread public support of the excellent health care
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facilities at Petoskey and Traverse City and the money
brought into the region by outsiders who use these facilities
could provide an important source of strength for social and
economic development throughout the region.

Short-field landing and takeoff capability in general
and commercial aircraft could ease the problems associated
with inadequate access roads to recreational areas. Mobile
and manufactured}homes could be a partial solution to the

shortage of adequate housing in the region.

Summary

This region has approximately 155,000 residents and is
Michigan's most popular area for recreation and tourism,
However, in recent years it has been considered by the
federal government as part of a socially and économically
depressed area.“

Early in this century the region was characterized
by vigorous économic activity and growth which, however,
suffered a sharp decline shortly after 1910. Only recently
has the region fecovered a population and industrial growth
comparable to the rest of the state and the nation.

The following have been major causes of the economic
decline of the region:

- The displacement of labor in resource based

indﬁstfies because of technological éhange

~ The deterioration of resources—fur, lumber,

and agriculture—and increased competition
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from other areas that supply the same resources

- The small size of the region's enterprises

- Remoteness from metropolitan markets

As a direct result of the economic decline, there has
been a migration from the region of people in the most pro-
ductive age group and of those with the most marketable skills.
This has creatéd an imbalance in the age and skill levels of
the population. Chronically high unemployment rates have
been experienced due to the lack of match between job oppor-
tunities and the characteristics of the labor force, the
scarcity of job opportunies, and reliance on seasonal economic
activities,

The long:period of lagging economic opportunity and
growth and the low density of population has tended to
separate the region from the mainstream of national, social,
and economic deVelopment. This has had a cumulative effect
on the supporting activities needed to sustain economic
growth and has been reflected in such things as inadequate
housing, lack of investment funds, outdated waste water
treatment'and disposal systems.

In receﬁt years there have been encouraging signs of
favorable trends in some of the key factors used in mea-
suring‘the region's economic and social health and its
potential for development. Based upon the region's strong
growth in employment between 1959 and 1967 and a shift to
faster growing industries, it is likely that employment
growth rates will exceed that of the Upper Great Lakes

Region and‘the United States in the next decade.
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There are also some important new technical and social
forces that will tend to make the Grand Traverse Bay Region
increasingly attractive for new businesses, iﬁdustries,
homes, and recreational activity. At the same time fhere is
encouraging evidence that the people of the area are actively
concerned not only with the economic and social development
of their region but also with the management of the water
resources and environmental qualities which are the region's
main source of economic potential. They are fortunate to
live in a region where fléxibility is still possible in
making the critical decisions concerning the trade-offs

between economic development and environmental quality.



APPENDIX D

" PARTICIPATION LETTER

Dear (Regional Influential):

You are invited to participate in an exchange of
information. with the researchers in the Sea Grant Program of
the University of Michigan. From this exchange, torecasts
of the impact of technological and social changes on
the Grand Traverse Bay area (see the attached Exhibit 5
for a more precise definition of the area) will be
developed.

The aims of the Sea Grant Program of the University
of Michigan are: (1) to establish standards of expertise
and a center of knowledge for Great Lakes research, and
(2) to provide useful information as a service to regional
planners and decision makers. The Grand Traverse Bay
area was selected because it is representative of many
areas in the Great Lakes region where economic development
and the quality of life are closely related to water
resources.

Although a considerable amount of empirical and
scientific data is being gathered and used as a basis
for projections, the judgments of informed people form
the best source of insight into the future. To obtain
informed judgments systematically, the Sea Grant Program
will use the Delphi techniques developed by the researchers
of the Rand Corporation as part of their study of methods
for improving decision making. The method is designed
to obtain the most reliable consensus of opinion from
anonymous responses by a group of experts to a carefully
designed program of sequential interrogations.

The exchange of information is accomplished through
a series of information packages referred to as rounds.
The early rounds are controlled brainstorming sessions
in which the respondent is encouraged to present what
he feels will be important technical and social develop-
ments in the future. The responses are edited to eliminate
duplication or ambiguous items, and are then combined and
fed back to the group. In subsequent rounds the respondents
will be asked to attach numerical estimates to each develop-
ment indicating its probability, timing, importance and
impact - on ‘the Grand Traverse Bay area. Self-appraisal
indexes will permit the respondent to indicate his relative
competence on specific issues and his familiarity with the
region. '
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After the second round, each participant will
receive a copy of his past response with a statistical
summary of the values assigned by the entire panel and by
various subgroups within the panel. Information obtained
from research in the Sea Grant Program and from a Delphi
panel of technical experts will also be provided as
background information to assist the participants in
the formulation of their individual judgments.

Experiments have shown that feedback and reassess-
ment often result in the convergence of opinions as
common elements of judgments are reinforced, ambiguities
resolved, extreme positions clarified, and the judgments
formulated and refined as the interrelationships of events
and the weighted opinions of experts in other areas are
considered. However, the feedback and reassessment of
informed judgments should be tremendously valuable even

if they do not lead to convergence.

An important feature of the Delphi method is that
it does not require elaborate development and support
of positions taken on each issue. After the panel has
established which items are to be considered these will
be continuously narrowed until only those items are left
which have been judged important to the exercise and
on which a satisfactory consensus has not been reached.

In assessing the likelihood of social developments,
quantitative probability estimates give an exaggerated
impression of precision. You are requested to complete
the form on probability assessments so that an ordered
list of verbal phases that intuitively express the notion
of numerical probability can be developed for your panel.

To insure anonymity each respondent will be identified
by a number—which will be linked to his name only for
the purposes of mailing out information packages and
checking in the responses.

Please feel free to request any additional information—
either by telephone (313/764-1366) or with your response.
A final summary and a complete analysis of the exercises
will be sent - to each respondent upon completion of the
final round of information packages—expected to be round
four. A seminar will be held at the University of Mlchlgan
to. review the output of the Delphi exercises.
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It is requested that you respond to this letter
as soon as practical but not later than
The procedures are sufficiently flexible that you may
miss a round and still be represented in the final

results.

John D. Ludlow
Research Associate

Bureau of Business Research
Graduate School of Business
University of Michigan
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