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INTRODUCTION

This Manual for Training in the Application of the Principles and
Standards for Planning Water and Related Land Resources of the Water
Resources Councill/ is one of four planned outputs of a training project
entitled: Transfer of Technology--Training of Government Personnel in
the Application of the Principles, Standards and Procedures for Planning
of the Water Resources Council (OWRT Grant No. 14-31-0001-4242, Project
C-5345). The three other planned outputs are:

(1) Training of Participants: Forty-seven (47) trainees and

thirty-three (33) observers attended a ten-day training
course at Colorado State University from August 12-23,
1974. They were from all parts of the country and were
affiliated with thirteen (13) Federal agencies, six (6)
Federal-State river basin commissions, five (5) States

and two (2) other river basin agencies.

(2) Color Video Tapes of Lectures: Twenty-five (25) cassettes,

eight (8) to thirty-eight (38) minutes long, covering the
main points made by lecturers to the participants at CSU,
have been produced. These cassettes of 3/4 inch video tape
are available by purchase or loan from the Water Resources

Council, 2120 L Street, N.W., Washington, D.C. 20037.

(3) Evaluation Report on the CSU Training Course: This report,

prepared by CSU's Human Factors Research Laboratory, has
been published by the Environmental Resources Center,
Colorado State University, December 1974. Copies are

available upon request.

1/

~  See "Establishment of Principles and Standards for Planning Water and
Related Land Resources', by the Water Resources Council (Federal Register,
Volume 38, Number 174, Part III, September 10, 1973). Hereinafter, this
document will be referred to as the Principles and Standards.



In addition to these four planned outputs, a by-product of the August
training course was an identification of ambiguities, mistakes and other
problems in interpreting the Principles and Standards. This information
has been transmitted to the Director, Water Resources Council for use of

the Council in its future work.

The purpose of this Manual, together with the video tapes of lectures,
is to provide materials for the conduct of training courses by others
throughout the country. The Evaluation Report on the CSU training course

may also be useful in planning the future conduct of such courses.

The Principles and Standards relate directly only to Federal participation
in planning the use of water and related land resources. Nevertheless, they
are not-just of concern to Federal agencies and Federal-State river basin
comnissions. State and local agencies, as well as private consulting firms,
also need to understand their application to Federal and Federally-assisted
projects. Further, they may want to apply them in other water and related
land planning activities. In addition, universities and technical-institutes
study their application to improve specialized training in the interdisciplinary
aspects of water and related land use planning. Thus, given the entire spectrum
of concern with their application, all of the above organizations should
participate in widespread and intensive efforts to develop understanding of the

‘application of the Principles and Standards.

No commitments were made that the participants at the CSU training course
would become training directors or discussion leaders upon return to their
respective agencies. Nevertheless, it is clear that they are a training
Tesource to their agencies as well as a planning resource. This is so even
though no training in the conduct of any further training efforts was included

~in the CSU course and no plan for such training is set forth in this Manual.
Nevertheless, Colorado State University is interested in encouraging such
further training. To the extent practicable and possible, the Environmental
Resources Center, Colorado State University, will be glad to assist any
organization in the planning, development and conduct of any future training

programs.



To assist in the development of its plans for carrying out this training

project, both with respect to the August training course and the production

of the video tapes and lectures, Colorado State University sought the views

of an advisory committee composed of the following experts:

David Aggerholm
University of Massachusetts

David Allee
Cornell University

Warren Fairchild
Water Resources Council

Burnell Held
Colorado State University

Maynard Hufschmidt
University of North Carolina

Warren Hall "
Office of Water Research & Technology

John Neuberger
Missouri River Basin Commission

Jack Pepper
State of Mississippi

Harry Schwarz
Clark University

Gilbert White
University of Colorado

Although the basic structure of plans and level of funding for carrying out

this project was fixed by the time the advisory committee met in June 1974,

many valuable suggestions were made and most of them were adopted. For these

and other helpful contributions initiated by the advisory committee, grateful

acknowledgment is made.

The views of members of the advisory committee varied somewhat on solutions

to the main design of the training course, but their upshot was:

(a) to provide balance between imparting intellectual understanding
and policy indoctrination concerning the Principles and
Standards, understanding of specific criteria and knowledge
needed to apply them in the real world of planning, and
knowledge of new technologies believed to be useful in
practical planning efforts; and

(b) balance between training through instruction and discussion
and training through exercises involving thinking-through

applicational problems.

The balance of the first type, (a), was sought through the type of

instructor that was recruited. Top officials of the Water Resources Council
plus academic experts were obtained to impart policy indoctrination and



intellectual understanding. Planning experts from government largely were
recruited to cover points of specific criteria and knowledge needed for
application and to lead the trainees in the conduct of the training exercises.
Various applications of systems analysis utilizing computer technology were
taken to be the most pertinent type of technology needing transfer from
researchers to practitioners. Academic research personnel cognizant of

practical affairs were obtained for the training in these applications.
With regard to balance problem (b), time was divided almost equally in the

ten-day course between training through instruction and training through

exercises.

Trainee response to this balance of time, (b), as well as the
balance, (a), between basic policy and intellectual understanding versus

specific applicational knowledge, would appear to have been a function
largely of a trainee's perception of his prior knowledge. Those who felt they

knew little about the Principles and Standards responded most favorably to ‘the
instructional approach and to the lectures designed to impart basic policy and
intellectual understanding. Those who believed themselves to be quite know-
ledgeable stressed the value of specific applicational knowledge and the
training exercises. This distinction in a trainee's perception of his prior
knowledge would appear to be important and should be taken into account in

the development of plans for future training coursesz/. If practicable,
separate training courses should be designed for each type of potential

trainee.

Fundamentally, this training project in the application of the Principles
and Standards was undertaken because a great gap has long been perceived to
exist between ''Washington" and university hopes and expectations from water
and related land planning and its actual practice in the field. No overall
inter-agency attempt to train in the application of prior principles, standards
and procedures (e.g. Senate Document No, 97, Budget Bureau Circular A-47, or

the Green Books) was ever attempted. This effort by Colorado State University,

2/ See "EVALUATION REPORT of the Training Program on Transfer of Technology--
Training of Government Personnel in the Application of the Principles,
Standards and Procedures for Planning of the Water Resources Council’,

Dr. Douglas Sjogren and Robert D. Wittman (Colorado State University,
Environmental Resources Center, Fort Collins, Colorado. December 1974)

pp. 1-2; 12-18.



in cooperation with the Water Resources Council and the Office of Water Research
and Technology, Department of the Interior, is thus a first effort. Much has
been learned that would be helpful in planning any second effort. No doubt a
second training project of this comprehensive type should be attempted some

time in the future. In the meantime, it is to be hoped that the outputs of
CSU's training project will be helpful in localized agency and commission

training effort throughout the country.

When use is made of these materials, it should be recognized that the
statements made in this Manual and on each video tape are those of the
author/lecturer. It is possible that the views of the Water Resources Council
are not always reflected. Although efforts have been made to avoid discrepancies,
no systematic check has been undertaken. Discrepancies may exist and should be
identified as use is made of these materials. Discrepancies that are believed
to exist should be reported to the Water Resources Council, 2120 L Street, N.W.,
Washington, D.C. 20037,

What success has been achieved by CSU's 1974 training project is due to
the efforts of many organizations and dedicated people for which gratitude

should be expressed. First should be mentioned the trainees and observers
who participated in the training course in August 1974 and the Federal,

Federal-State, and State agencies that sent them. The interest and support
of the participants and agencies was important indeed and is gratefully
acknowledged. The critical comments of the participants and agencies will
be most helpful in the planning of any further training programs.

Next, great thanks are due to the author/lecturers themselves and the
governmental agencies which, in many cases, financially supported their
participation. Special appreciation is due to Utah State University for
assistance in project planning and making available several author/lecturers
for participation -- particularly, to Dean F. Peterson, Vice President, and
Daniel H. Hoggan, Associate Director, Utah Water Research Laboratory. For
academic experts who are accustomed to speaking their own professional mind,
the need to conform to the Principles and Standards presented an unaccustomed

burden. For others, particularly the planning experts from government, the
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problen of developing and then delivering a structured, succinct and
interesting lecture was new. And for practically all author/lecturers, the
requirements of televised presentation were unaccustomed and had to be

quickly mastered. All gave of their best.

The entire staff of the Office of Educational Media, Colorado State
University and its Director, Preston Davis, also deserve great thanks. The
training project, as well as all of the author/lecturers are particularly
in debt to the television producers, William D. Kruse, Larry Preuss, and

Carlos Seegmiller, for their willing help, great skill and patience.

The final preparation and production of this Manual largely centered in
the very capable professional hands of Maxwell Becker. I am particularly
grateful. to him and to Monica R. Clark, our secretary, for their patient and
skillful efforts. Also, the excellent services of the Technical Typing Unit
of CSU's Engineering Research Center, under the able direction of Arlene

Nelson, are acknowledged.

Finally, I want to acknowledge my great personal debt to seven professional
associates and friends without whose continuous support, advice and assistance
the successful completion of CSU's training project would not have been possible.
First, the support and advice of Warren Fairchild, Director, Water Resources
Council and Warren lall, Acting Director, Office of Water Research and Techdology,
Department of the Interior, is very gratefully acknowledged. Second, special
credit should go to Jack C. Jorganson, Assistant Director--Technology Transfer,
Office of Water Research and Technology, without whose initial inspiration and
continuing interest the project would not have materialized; and to Stanley Ware,
Chief, Engineering Systems Division, Office of Water Research and Technology,
who officially monitored the project with great helpfulness and skill.

'Third, the continuous and very helpful efforts of Norman A. Evans, Director of
CSU's Environmental Resources Center should be mentioned. Fourth, special
thanks are due to Gary Cobb, Associate Director of the Water Resources Council,
He not only provided necessary liaison with the Council staff and performed

as an author/lecturer twice, but participated fully in planning the training
project and in the consideration of the many issues that arose during the

course of its progress.



Last, but far from least, I want to acknowledge my great indebtedness to
Harry A. Steele and Sam H. Johnson, III. As consultant to the training project
from beginning to end, Harry Steele brought to bear his incomparable knowledge,
not only of the Principles and Standards, derived from his leadership and
professional roles in bringing them to official adoption, but also his knowledge
of the Nation's experience in water and related land resource planning derived
from his distinguished career of over thirty years in the Federal government.
Sam H. Johnson, I1I, graduate student and Ph.D. candidate in the Department of
Economics, Colorado State University, served most ably as my assistant during
the most critical phases of the training project. Invaluable were his sharp
insights, careful thinking through of problems to solution, his sense of
responsibility, and his initiative and energy in seeing to it that everything

needing doing was done.

Henry P. Caulfield, Jr.
Training Project Director

Fort Collins
December 31, 1974



OVERVIEW OF PRINCIPLES AND STANDARDS

Warren D. Fairchild

Director, Water Resources Council

The Principles and Standards for Planning Water and Related Land
Resources were prepared pursuant to the Water Resources Planning Act of 1965
(P.L. 89-80) which established the Water Resources Council. This Act is the
direct outgrowth of recommendations in a report of the Senate Select Committee

on National Water Resources in January 1961.
Water Resources Council

The Water Resources Council is composed of the Secretaries of the
Interior; Agriculture; Army; Health, Education and Welfare; Transportation;
and the Chairman of the Federal Power Commission. Associate Members and
Observers invited to serve on the Council include the Secretaries of Commerce;
Housing and Urban Development; Administrator, Environmental Protection Agency;
the Atforney General; Director, Office of Management and Budget; Chairman,
Council on Environmental Quality; and the Chairmen of the eight river basin
commissions (six established under Title II of P.L. 89-80) and the Delaware
and Susquehanna River Basin Commissions. Pfesently, the Chairman of the
Tennessee Valley Authority is being invited to serve as an Observer with
consideration being given to inviting the Chairmen of the three existing
Interagency Committees. As set forth in the Planning Act, the Council is to:
(1) prepare a national assessment, (2) recommend water policies, (3) establish
planning standards, (4) coordinate and manage comprehensive planning, (5) recom-
mend river basin commissions, (6) review river basin plans, (7) assist State

planning, and (8) other Executive Office assignments.

Over the course of the last year, the Members have taken a number of
actions significantly affecting the operation of the Council. Among these
include revision of the Council's Rules and Regulations on Council organi-
zation. The new organization rules and regulations will facilitate Council
decision making and management by allowing greater participation by the

alternates to the members; by delegating the Director more authority and
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responsibility with respect to the staff, and by giving the Council of
Representatives and the Director more flexibility and authority with respect

to the Council committee structure.

In addition, the Council has recently approved for the first time an
explicit statement of procedures, policy, and objectives which is .to guide
and strengthen the development and implementation of the Council's programs,
policies, and activities. More will be said on policy matters later in this

presentation.

These two actions are mentioned because they significantly affect the
Council's effectiveness in implementing, along with each of the Council's

Member agencies, the Principles and Standards.
Planning Framework and Institutional Setting

Turn now for a moment to the planning work and institutional setting
within which planning will be conducted within which the Principles and

Standards are applied.

Levels of Planning

The Council, in Policy Statement #1 dated July 22, 1970, has defined
three levels of planning: (a) framework studies and assessments, (b) regional

or river basin plans, and (c) implementation studies.

Framework studies and assessments are merged into the first and broadest
level of planning. This level of planning is characterized as dealing with
the broadest level of choices to be made in the management of the Nation's
natural resources. At this level of planning the choices are considered
almost at a conceptual level dealing with major alternative policies and

priorities.

For example, in this assessment consider the baseline projections based
on series E projections and, in addition consider, variation from this base-
line or central case scenario. Theée variations include: (1) increased
agricultural exports; (2) increased irrigation efficiencies; (3) decreased
oil imports; (4) increased flood regulations; (5) water price-demand
sensitivity, and (6) changes in agricultural land-use and food and fiber

production conditions. Thus, the assessment process will provide information



about the effects of relative priorities on the component need of the two

planning objectives--NED and EQ.

The regional or river basin level of planning, the next broadest level
of planning, may be characterized as identifying major alternative management
strategies for river basins. The level of study is to be undertaken for
problems of such complexity that an intermediate step is needed between
framework and implementation studies. The Council is evolving a new approach
to Leve1 B planning in an effort to make these studies timély, relevant, and

of value to decision makers. This new approach has the following major

characteristics:
1. Compact central management,
2. Two-year study periods,
3. Reduced costs by limiting development of new data and emphasizing

judgmental planning.

4. Integrated water quantity and water quality considerations related
to and coordinated with Federal and Federally assisted land planning
programs (This was approved by the Members in the statement of
Purpose, Policy and Objectives previously mentioned).

5. Planning processes covering alternative management strategies for
institutional, legal, and other policy options as well as structural
and nonstructural solutions to physical problems. -

6. Providing minimal funding to States insuring State planning inputs.
Requiring a commitment of States to identify critical State issues

and methods of resolution.

Implementation studies are the most detailed level of planning. They
are program or project feasibility studies undertaken for the purpose of
authorization or development of plan implementation. These studies are

generally undertaken by a single Federal, State or local entity.

In addition, the Council has defined special studies which may be under-
taken at any level of planning and may involve special problems related to
data acquisition, single function studies, or other special studies that may
by needed in carrying out any of the above levels of planning. Thus, there

may be special studies required in each level of planning.



The Principles and Standards apply at all levels of planning. The key
consideration in the application of the Principles and Standards in each level
of planning relates to the manner in which the components of the objectives
are specified. Obviously, at the broadest level of planning, the objectives
are specified in a different way than they would be at the project level of
planning. The objectives should be specified in each level of planning in
such a manner that provides information and insights about the trade-offs

among alternative choices.

The Principles and Standards were approved by the President and became
effective on October 25, 1973. The Principles and Standards have evolved
out of a long history of the desire of resource managers to develop an

objective rationale and basis for natural resource programs.
History

Perhaps a little recap of water resources planning and development would
be helpful here. The first funding by Congress for water resources development
was of a military nature. On February 16, 1809, Congress provided for the
improvement and extension of the Corondelet Canal for the purpose of facil-
itating the defenses of the City of New Orleans. In 1824 Congress enacted a
general survey act with reference to routes for roads and canals of a national
nature needed for commercial and military purposes and for mail delivery. 1In
the same year, funds were appropriated for the removal of sand bars and trees

in the bed of the Ohio River for the purpose of navigation.

As indicated above, the initial interests in water resources development
was for navigation. Subsequent acts gradually incorporated other purposes.
Key legislation that followed the 1824 acts include:

1. The Rivers and Harbors Act of March 3, 1899, which prohibited,
unless a permit was issued, the deposition of refuse, dirt, mud,
sand, etc. into any navigable waters of the United States or into
any tributary.

2. The Reclamation Act of 1902, which authorized creation of the
Bureau of Reclamation to provide irrigation water for economic
development in arid areas.

3. The Weeks Law of March 1, 1911, which provided for the examination,

survey, and acquirement of lands located on the headwaters of

.



navigable streams as were needed to regulate water flow. This Act
provides a basis for the acquisition of National Forest lands.A

4. In 1920 the Federal Water Power Act, through Section 10, prescribed
the conditions surrounding the licenses authorized to be issued by
the Federal Power Commission.

5. On April 27, 1935, P.L. 46, the Establishing and Enabling Act of the
Soil Conservation Service, was approved.

6. The Flood Control Act of 1936 stated a policy for flood control and
has since become broader due to the purposes...''that the Federal
Government should improve or participate in the improvement of
navigable waters or their tributaries including watersheds thereof,
for flood control purposes if the benefits to whomsoever they accrue
are in excess of the estimated costs, and if the lives and social
security of people are otherwise adversely affected." This pro-
vision was the genesis of the benefit-cost analysis that has developed
over the years. It should be pointed out that frequently, in refer-
ring to this Section, the last phrase is omitted.

7. On August 4, 1954, P.L. 566, the Watershed Protection and Flood
Prevention Act was approved. This has become known as the small

watershed program.

The first major effect defining a conceptual framework for consideration
of market values was contained in a document commonly referred to as ''the
green book'" first issued in 1950. It is believed most economists would agree
that '"the green book" was a landmark document in defining the conceptual
framework for the economic efficiency objective. In 1952 the BOB issued
Budget Circular No. A-47 which was an outgrowth of E.O0. 9384 and was based
on the Budget and Accounting Act of 1921. A-47 set forth the basis that would
guide the BOB in evaluation and comparison of projects and the Bureau's review
of reports. S.D. 97 was approved in 1964 and provided for rigorous appli-
cation of economic concepts in plan formulation with adjustments for other

considerations such as environmental, public health, and others.

More recently, new legislation reflecting changes in priorities and
values including the Water Resources Planning Act of 1965 and the National
Environmental Policy Act of 1969 forecast a need for further evaluation of

planning policies. In 1968 the Council revised the discount rate formula
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to be used in establishing the discount rate for planning. The formula

used prior to that data was based on the coupon rate of marketable securities
which upon original issue had 15 years or more remaining to maturity. Under
the formula established in 1968, the rate would be based upon the yield rate
of marketable securities which have 15 years or more remaining to maturity at
the time the rate is calculated during each successive year. Following
revision of the discount rate, the Council initiated a four-year effort to
evolve new planning Principles and Standards. Time will not be taken here

to detail that effort except to say that it involved the work of a special
task force; a series of revised documents; field tests; and three sets of

separate public hearings over the course of the effort.
The Planning Process

The Principles and Standards recognize two coequal objectives in water

planning: National Economic Development--that is, increased production of

goods and services--and Environmental Quality--the enhancement of physical,

ecological and aesthetic characteristics. In addition, careful consideration
is given to beneficial and adverse effects on Regional Development and Social
Well-Being. Accounting for environmental quality, national economic develop-
ment, regional development, and social well-being gives planners, the affected
public at large, Congress members and others an opportunity to evaluate fully

the projected effects of a given plan or set of alternative plans.

Basically, planners must come up with at least two alternative plans--
one maximizing the objective of increased national economic development, and
the other maximizing environmental quality. Then, based on preferences
expressed by the affected publics, a recommended plan is selected, either

from one of the two alternatives, or possibly a compromise.

The process of going from a resource problem someone has identified to

selection of an equitable plan involves basically five steps:

1. First, important components of each of the cbjectives have to be
clearly identified as they relate to the specific site or area
where the planning is being done. For example, increased farm
yields might well be an important component of the economic ob-
jective. At the same time, improvements in water quality by elimi-

nating sources of fertilizer and pesticide runoff from farms could
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well be an important component of the Environmental Objective. As

you can see, there are tricky trade-offs right from the beginning,

and a clear understanding of public preference is essential.

The second step is to evaluate existing natural and economic re-

source capabilities and then determine what future economic and

environmental conditions might be without a coordinated plan.

Third, the plammers must begin to develop alternative plans for

solving perceived problems--perceived, that is, by both the planner

and his constituents, the affected public.

In keeping with the two-objective system, the alternative plans will

reflect varying emphasis across the spectrum of economic development and

environmental quality.

4..

In step four, the beneficial and adverse effects of these alter-

native plans are examined against four accounts:

national economic development, including perhaps increases in

goods and services, such as water supply, more efficient produc-
tion and use of energy, flood prevention and improved public
transportation;

environmental quality, such as improved water quality, wetlands

and wildlife protection, open space and green belt provisions,
wilderness areas;

regional development, including beneficial and adverse effects

on employment and regional income, improved population distribu-
tion; economic stability, and finally

social well-being, including beneficial and adverse effects on

income distribution, life, health, safety, education, and cultural
opportunities. With this information in hand, the monetary and
nonmonetary differences between, and trade-offs among each alter-
native plan can be clearly shown, and a rationale can be developed
for choosing the best alternative plans to meet the two-objective

system.

For example, a plan may emphasize contributions to the EQ
Objective and, in addition, include complementary contributions

to the NED Objective, such as water supply for municipal and

industrial needs.



Another plan might include significant contributions to the

NED Objective and, in addition, include contributions to the EQ

Objective, such as consideration of water quality, fish and

wildlife, and flood plain zoning.

5. The fifth and final step is the selection of a recommended plan
from among the alternatives available. Because of constant public
input to this planning process, the final recommended plan will, to
the best of current understanding and knowledge, reflect the pre-
ferences and economic-environmental emphasis desired by the public
involved. Of course, this five-step process includes constant
review and revision as opportunities and problems arise. Adequate
planning is therefore a continuous, dynamic and analytic process
which must be coordinated at all levels to produce a recommended

plan.

The foregoing paragraphs have described the basic five steps to take in
selecting an equitable plan, but regardless of the other steps, won't a plan

be turned down unless it shows net national economic benefits?

Not necessarily. A recommended plan must have net economic benefits
unless the deficiency in net benefits results from additional economic costs
incurred to serve the environmental quality objective. In other words, a plan
with less than net economic benefit can go through if it has overriding long-

term environmental benefits. 1In addition, an exception may also be made by

an agency head for consideration of overriding social or regional values.

As explained earlier, the new Principles and Standards apply tc Federal
projects and planning programs and to comprehensive Federal-State planning,

such as that conducted by river basin commissions.

With respect to the many programs and projects authorized but as yet
unfunded--decisions as to which of the backlogged projects will have to be
reformulated will be made by each Federal agency head. These will be difficult

decisions. The Corps of Engineers, for example, has about 375* unfunded but

*""Water Spectrum,'" Vol. 6, #4, 1973.
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authorized projects with an estimated total construction cost of over $10
billion. It is conceivable that some of the projects will be exempted from
the application of the Principles and Standards whereas others may be

reformulated.

The discount or interest rate at which benefits and costs are adjusted
to a common time basis for evaluating future water resource projects and
programs. Prior to March 7, 1974, the discount rate established by the
Principles and Standards was 6-7/8 percent. This was based on the average
cost of Federal borrowing as established by the Secretary of the Treasury.
However, Congress, in Section 80 of the Water Resources Development Act of
1974, reestablished the discount rate formula based on the Council's

December 24, 1968, discount rate rule (5-5/8 percent).

In addition, Congress requested the President to make a full investigation
and study of the Principles and Standards, including such items as the dis-
count rate, a Four-Objective system instead of the current two, and Federal
cost sharing. With the exception of the discount rate and its application,

the Principles and Standards as published remain in effect.

The key word in implementing the Principles and Standards is "flexibility."
Each Federal agency has a number of plans nearly completed--which represent
hundreds of thousands of man-hours of effort, and millions of dollars of

planning funds.

Rigid initial application of the Principles and Standards with no tran-
sition period would drastically increase the costs of these projects, cause
great delay, and substantially negate the benefits which would accrue from
timely approval. To overcome this difficulty, the Council has developed a

procedure for retroactive application.

In the meantime, each agency is preparing and submitting to the Council
its implementing procedures for consistency with the Principles and Standards.
The Council recently completed its review of Agriculture's procedures and
will review other agency procedures as developed. We anticipate momentary

receipt of procedures from the Departments of Interior and Army.

In turn, the Council is preparing certain Procedures, such as Procedures
for applying the Principles and Standards to basin planning to assure con-

sistency and interagency cooperation, and to assist on such technical subjects



as retroactive application, evaluation of the social well-being and regional

development accounts and cost allocation.
Emerging Policies

These Principles and Standards have significant policy overtones that
have resulted from conscious decision making. They are the vehicle or lay

the basis for emerging water policy considerations.

Several such issues are enumerated below. These will be elaborated upon

more fully during the "Windup'" session of the last day.

1. Planning Objectives. The present process calls for two co-equal
objectives--economic development and environmental quality and
the development of alternative plans which will give voice to
divergent concerns among a wide variety of public desires.
Congress in Section 80 of the 1974 Water Resources Development
Act raises the question of adding two additional planning objec-
tives for Regional Development and Social Well-Being.

2. Cost Sharing. Many individuals believe that cost sharing--the
method of financing water projects, is the key water policy issue.
What should be the level of cost sharing by project beneficiaries
(direct and indirect) and that of the Federal, State and local
units of government?

3. Discount Rate. This continues to be a most controversial issue
with those supporting development pushing for a lower rate whereas
conservation groups and others opposing development strive for a
higher rate.

4. Integration of water quality, water quantity and land planning.
The need for such integration is obvious, however, the process
to accomplish appropriate integration has not been developed.

5. Coordination of Level C planning recognizing priorities of need
and relationship to completed comprehensive plans.

6. Inventorying and quantification of reserved, appropriate and other
Federal water rights. This matter particularly sensitive in the
Western States because of large blocks of Federal lands and
existing State water laws on appropriative rights.

7. Institutions. Are present institutions at all levels of govern-

ment so organized to efficiently administer national resource
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programs? How successful have been such interagency mechanisms
as WRC and RBC's? Do we need a more authoritative organization
such as the proposed Federal Department of Energy and Natural

Resources?

The issues I have listed above are just a few of the many nagging water
policy issues facing our Nation. Generally speaking, our Nation's water
policy has evolved--much of it on a hit or miss basis as a need or an issue
which has surfaced. Congress in requesting the one-year Presidential
Section 80 study is stating that the time has come for a comprehensive
overview to be made of our water policy. The interface and interactions of
many policy issues must be concurrently analyzed. The controversy of the

discount rate is a good example of looking at and isolating just one issue.

‘The Principles and Standards do have strong policy implementations.
They afford a vehicle to: (1) assist in allocation of scarce resources;
(2) display trade-offs in form of alternative plans for emphasizing two
objectives; (3) recognize that both quantifiable and nonquantifiable
benefits and costs need to be considered; (4) demand public participation;
(5) require interdisciplinary inputs; and (6) afford greater detail in the

evaluation and formulation process.
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PLANNING PROCESS AND ITS INSTITUTIONAL SETTING

Gary D. Cobb
Assistant Director, U.S. Water Resources Council
Washington, D.C.

This paper will further amplify the planning process and the institutional
setting addressed in Director Fairchild's paper on "Overview of Principles and
Standards'. After reading both papers, hopefully the result for everyone will
be a better understanding of what's involved in the implementation of the

Principles and Standards.

It has been stated that the Principles and Standards have no structure;
that the planning process is fuzzy, fluid, or indeterminate, representing a
wide band of potential tradeoffs, and; thaf there is no form, structure, or
discipline in the planning process. Let us start with, in a sense, the
opposite view, and see how well a case can be developed, indicating the
Standards and Principles do have form, structure, and discipline even though

the P§S deals with many incommensurable values.
Review of Objectives

First, the objectives should be reviewed. A key aspect of the Principles
and Standards in terms of providing form, structure and discipline is in the
conceptual definition of the objectives. It is not intended to cover this in
great detail, as other papers will be devoted to discussions of each objective.
But please note that the planning objectives are explicitly and uniquely defined,

and thus provide the basic foundation for the planning process.

!

The NED Objective

The National Economic Development (NED) objective is defined as follows:

"To enhance NED by increasing the value of the Nation's output of goods and

services and improving national economic efficiency'" (Page 6 P§S). Components

of the NED objective which are to be considered in the planning process include water
supply, flood control, power, transportation, recreation, commercial fishing,
external economies, and other outputs including the use of otherwise unemployed

or underemployed labor resources in the construction or installation of the
plan. Accordingly, it can be seen that this objective is uniquely and explicitly
defined.
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The EQ Objective

Similarly, the Environmental Quality (EQ) objective is defined as follows:
"To enhance the quality of the environment by the management, conservation,
preservation, creation or restoration or improvement of the quality of certain
natural and cultural resources and ecological systems' (Page 6 P&S). Components
of this objective include a) open and green space, wild and scenic rivers, lakes,
beaches, shores, mountains and wilderness areas, estuaries, and other areas of
natural beauty; b) archeological, historical, biological and geological resources
and selected ecological systems; c) the quality of water, land and air resources
and finally, d) a component which is not quite the same as the other components,
is that component dealing with the irreversibility of commitments that we make
in decisions, in terms of future uses of resources. Note that this objective
deals basically with the natural environment as, say, opposed to or as distinct
from, the human environment, which the environmental quality objective encompasses
as defined in the National Envirommental Policy Act of 1969 (NEPA). Thus, the
definition in Principles and Standards of environmental quality is somewhat
different than that provided in the National Environmental Policy Act of 1969
with the social and cultural aspects of the human environment being addressed
in the regional development and social well-being accounts. Thus, the environ-
mental quality objective is also uniquely and explicitly defined albeit somewhat
differently than in NEPA.

Incommensurable Values

When the planning process addresses incommensurable values--that is, one
objective is being considered in terms of monetary evaluation, or market
evaluation--and another objective is being considered in other appropriate
quantitative units or qualitative terms, it is possible conceptually for the
objective reflecting monetary values to formulate plans or formulate contributions
toward that objective, using optimizing techniques which involve mathematical
optimization. Similarly, if we had common value units, gnd a system of weights,
it would be possible to bridge the gap or make commensuréble, if you will, .the
two objectives, and in effect merge them into a single objective function and
apply mathematical optimization techniques. We would deal in marginal benefits
and costs, a concept that's basic to planners. But, inasmuch as we don't have
a common set of value units or a system or set of relative priorities, nor are
we likely to have such a set of priorities any time in the near future, then
we address quantification of these objectives where possible, in quantitative
units or qualitative terms appropriate to the objective as defined. Inasmuch as
we don't have common value units nor a system of relative prices or weights, we

have to deal with these incommensurable values in other ways in the planning process.
-13-



Transformation Function

Conceptually, we can characterize the transformation function in terms of
net contributions to the two objectives. Net contributions to the national
economic development objective would include, of course, net NED benefits to
water supply, flood control, power, transportation, recreation, etc. Net
contributions to the NED objective is for the most part straightforward
because first of all, most people would agree with respect to their prefer-
ences or values they apply to contributions to the national economic development
objective. Not all would, however; for example, some opponents to uanrestrained
population growth right now would say that in and of itself, increasing the
value of national output may not be in the interest of society. If that increase
in the total value of national output, GNP, is the result simply of increase in
population, with say decreasing output per person, it would be opposed. If the
increase accrues as a result of increasing productivity per person, then it
would not be opposed. Thus, even national economic development now is not as

commonly an agreed upon objective as we had thought heretofore.

Concept of Net EQ Benefits and Adverse Effects

In case of the environmental quality objective, the concept of net
contributions or net EQ benefits is much less straightforward. First of all,
many people will not agree as to what is a beneficial or adverse effect toward
the environmental quality objective. Further, we find that there are tradeoffs
within the objective involving incommensurable values; that is, certain environ-
mental contributions resulting from an environmental plan would be considered
to be beneficial by most, while there may be certain other environmental effects
resulting from the same plan which would be considered to be adverse; and later
on I'11 illustrate an example of how this might be the case. So I want to
emphasize that the concept of net contributions to the environmental quality
objective while correct conceptually, represents a major problem for planners
to make operational in the planning process. Let's assume, however, that it
will be possible through appropriate public involvement in the planning process
to identify a collective sense of priorities and preferences with respect to
the environmental quality objective and thus we are able to derive in a subjective

way a sense of the level of net contribution to the EQ objective.

In the portion of the transformation function (Figure 1) ascending upward
and to the right, alternative plans reflecting complementary contributions
toward the objectives are represented by the cross-hatched parts of the
curve on which Xa and Xe are points. These alternative plans are really

irrelevant to the decisionmaking process, because they represent complementary
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contributions to the two objectives, and therefore they do not enter into

the decision-making process about tradeoffs. This could be a case where

an environmentally oriented component is being incorporated into an NED
emphasized plan yielding net positive incidental NED benefits, and in the
case of an EQ emphasized plan where a complementary NED output such as urban
water supply is included and there is no major environmental objections. One
alternative plan required under the Principles and Standards is that which
optimizes the net contributions to national economic development. That plan
is represented by the Xb, on top of the curve. Note that the transformation
curve or transformation function breaks at this point and starts moving
downward and to the right. This means we're getting tradeoffs, then, between
the two objectives. The emphasized EQ plan could be characterized graphically
in this case, starting from the low point on the curve, by Xd where the

curve breaks and starts moving upward and to the left. At that point all
complementary NED contributions have been accounted for. We're now at a
point where we have a major public expression of conflict arising between

the objectives, and are now in the process of considering tradeoffs. The
Principles and Standards provide the other alternative plans be formulated

so as not to overlook a best overall plan. Such alternative plans, such

as Xw, may take into account and reflect significant physical, technological,
legal or public policy constraints, as well as reflecting significant
tradeoffs between the national economic development and the environmental

quality objective.
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Any alternative plan, Xy, that would fall under this transformation function
is also irrelevant. Such an alternative plan is not the most effective or
efficient technologically or physically, in achieving the objectives and as
the planning process is iterated the boundary of that transformation function
is moved out as far as possible, reflecting the fact that there's a better,

more effective alternative for that level of tradeoff.
The Planning Process

The planning process is an iterative process; it starts with specification
of the components of the objectives relevant to the planning setting. In
specifying these components, then, we address the objectives as defined. At
this point--I will discuss exceptions later--we are concerned about planning
for component needs which fit under the definition of the two planning objectives
and thus those components mentioned earlier are reviewed in identifying the
output, economic and environmental, that is to be sought in managing the natural
resources. How do we know what the component needs are? How do we know what
the component needs are for environmental quality? Because it is a subjective
consideration, it's absolutely essential that we have public involvement in
consideration of this objective particularly, although it is required also for
the NED objective. Early in the planning process, broad and fairly
intensive public involvement is essential. Otherwise, we would not know whether
there's any existing preference or value attached to any potential environmental
condition, either as an induced adverse effect of the plan or as a potential

contribution.

The next step in the planning process then deals with evaluating resource
capabilities and expected conditions without any plan. This is the traditional
projected "without' situation or condition in planning as opposed to the before

and after situation or condition.

The without condition conceptually, could be a separate alternative plan,
but in the Standards, it is not because it would involve one more step when you
compare alternative plans. If the without condition is a separate alternative,
then in comparing two other alternative plans each has to be related to'a
common base to identify the tradeoff and thus results in another step into the

comparison of alternative plans. In this step of the planning process, as well

as in the specification of components, projections and how they're to be used
in the planning process is crucial. Two papers have been prepared dealing
with economic and environmental projections.
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The third step provides for formulation of alternative plans and again here,
we can relate this back to the transformation function; we're trying to identify
the transformation function and that's the reason we formulate these alternative
plans with varied mixes of outputs to the two objectives, really without at this
point any preconceived feel for preferences or priorities on the tradeoff. In
other words, at this point in the planning process, the mix is deliberately
varied, even though there may be a feeling intuitively that such a plan would
have very little support because of the degree of emphasis of one or the other
of the objectives. After public review, a screening process can be initiated
in order to narrow down the transformation function to those plans, I think we
say in the Standards, which are significantly different so that they show
significant tradeoffs. The alternatives should not be so close that they're
shades of one another; on the other hand, alternatives should be enough different
so that they can lead to a meaningful decision. The number of alternative plans to
be formulated is not specified other than in a sense of minimum in the Standards,
and the minimum would be two; one optimizing NED objective and one emphasizing
EQ objective. The number beyond that is judgment on the part of the managers
of the planning process. It's judgment coupled with, I would say, their reaction
to the public involvement and how relevant or how concerned or what preferences

or values are being identified in the planning process to this point.

Let me just note that the other steps are: compare the alternative plans,
review, reconsider, iterate, and then the final step would be selection of a
recommended plan, but we'll come back to this (Figure 2). 1'd like to now turn

to a discussion of how one might go about finding an optimized NED plan.

Optimized NED Plan

Inasmuch as the planning process is an iterative process, the identification--
the final identification, of these alternative plans--that is, the plan that's
identified as the optimized NED plan, or the plan that's identified as the
emphasized EQ plan, may come at the last iteration. The process is imitated with
a review of the NED components, and their relative efficiencies and what may be
done in resource management, tc achieve component needs of the NED objective.

As the iterative process goes on, each alternative plan is perfected including

these that optimize and emphasize NED and EQ.
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Marginal analysis, is applied in scaling of the final increment of the NED
plan. In this example, a plan with 100 benefits over 50 costs with net benefits
of 50 has been formulated. The next increment has benefits of 10 costs of 8.

As it's a favorable increment, it would be added. In the final increment,
marginal benefits are equalled by marginal costs. It's not quite as simple as
this, however, because internal to the plan there should be equal marginal
returns, the same marginal returns for each component, or each output, so that
we've gbt not only optimization of the entire plan, but optimization among

components (Figure 3).

Emphasized EQ Plan

In the case of the EQ objective, the marginal concept is based on presumed
priorities and preferences of affected groups, recognizing that not all may agree
on whether certain effects are beneficial and adverse. This objective is a real
challenge in terms of any kind of optimizing concept because you're dealing
with subjective values, subjective values which various people will not agree
on., However, in the planning process, dealing with a broader cross section of
the public involved or affected should indicate some sense of where there's
more consensus than elsewhere and marginal analysis, the concept of marginal
analysis or of the marginal increment would apply equally in concept to this

objective (Figure 4).

Mixed NED-EQ Plan

In the case of the mixed NED-EQ plan, the Standards provide that the
contributions to both objectives should exceed incrementally the adverse
effects on both objectives. Now, since we're dealing with incommensurate
values, this means that this is also a subjective determination. To illustrate
the point, if at some scale of a two-objective plan, we have 100 over 90 with
net of 10 in the NED account and for that same scale of development we have
10+'s over 5-'s in the EQ account we might say we would add an increment which
would have an effect on NED to add 10 to benefits and 20 to costs to achieve
an effect on EQ to add 5+'s to benefits and 2-'s to costs. Similarly, for the
next increment based on the public input and public preferences, a higher
level of tradeoff marginally may be accepted that the public would consider
as being a preferred set of tradeoffs, so that here again you might be
considering an addition of 10 of benefits, 30 of cost, to achieve 5 more plus’s

to EQ benefits, 1 more minus to EQ costs (Figure 5).
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The marginal increment of tradeoff would be a matter of public preferences,
and technically, then, this would relate back to the slope of the transformation
function or curve. At any point on that slope, there is a mathematical tradeoff
that is involved, so that this marginal increment then can be related back to

the slope on any transformation function, in a mathematical sense.

Comparison of Alternative Plans

The selection of a recommended plan, once the alternatives are formulated,
is based on comparison of alternative plans. Illustrated are two examples of
alternative plans; one is an alternative power plan; the other in this example
is assumed to be a selected plan to be recommended to a higher level in the
decision-making process, and is a wild and scenic river plan. Note that the
power plan has net benefits of $20 in the NED account. The wild and scenic
river pian has net negative benefits of $20 in the NED account. The wild and
scenic river does generate NED outputs in the form of user recreation days.

It may also have a net NED benefit for water supply. We see that there has
been a tradeoff of net NED benefits foregone between the two alternative
plans in NED account of -40. Further, note that there is an evaluation of

each of the alternatives on each of the accounts,

In the Principles and Standards, the four (4) accounts have been explicit
and uniquely defined, and thus by comparing alternative plans, information
is provided about the tradeoffs in the same account and among the accounts for
the two (2) alternative plans being compared. Inasmuch as it was envisioned
that we would be dealing with a series of alternative plans, each of which was
to be compared with the selected plan at any level of the decision-making
process, it was felt important to keep the tradeoffs as a separate column
providing for a clear expression of the tradeoff. Beneficial and adverse
.~ effects are shown in the EQ account for the two alternative plans. Note that
beneficial and adverse effects are lumped together; and are not shown separately,
as in the NED account. The reason for this is the potential lack of common
agreement about whether effects are beneficial or adverse. In effect, each
decision maker is going to have to judge these effects and make an assessment,
an appraisal, in his mind of what he perceives the consensus viewpoint of the
affected publics or groups to be for any effect and whether it is beneficial

or adverse (Figure 6).
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I want to point out that within the EQ accounts there are potential
tradeoffs so that when a decision maker then is making the judgment about
these alternative plans, he is dealing not only with tradeoffs between
accounts; but within accounts. Similarly, then, we would have for the
regional development account and the social well-being account a display
of beneficial and adverse effects. Our evaluation and comparison of
alternative plans presents a complete display of the tradeoffs involved.
Further, both sides of tradeoffs are shown and may be considered from the
viewpoint of either objective. This then would be the basis for the
recommendation of a selected plan that would go forward in a decision

making process for approval.

Four Plan Formulation Tests

In the planning process, there are four plan formulation tests involved
which provide additional structure and discipline to the planning process.
The first deals with the acceptability of the alternative plan to the public
and compatibility with institutional constraints. This is another area where
the planners involved in the planning process are going to have to apply
substantial judgment. Recognizing that there are certain institutional
constraints that may have to be taken into account in the planning process
it may be desirable to take a second look at these constraints. That second
look would be directed to the feasibility of lifting those constraints in

order to open up the choices and tradeoffs on the objectives.

The second test deals with the effectiveness of the alternative plan
in meeting component needs of the objectives. This test requires that a
plan is effective in accomplishing contributions to the objectives and that
the plan makes not just marginal contributions but rather significant

contributions to the objectives.

The third test deals with the efficiency of the plan in meeting component
needs of the objectives and a demonstration that the plan represents the least-
cost means of achieving such component needs. The test requires that, with
respect to all alternative means--structural, nonstructural, federal, non-
federal--the plan is effective and efficient in achieving contributions to

the objectives.

The fourth test deals with the completeness of the plan in accounting

for all investments and other required inputs or actions. This test requires
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that beneficial and adverse effects be accounted for in the same dimension or
scope. If third-round beneficial effects are measured, third-round adverse
effects should be measured, providing for a completeness and consistency in
the evaluation process. As alternative plans are developed and subjected to

these tests, the planning process is iterated (Figure 7).

Review and Reconsideration

Such iteration should be based on review and reconsideration of the

following kinds of considerations:

Level of detail was inadequate as a basis for selection

of a recommended plan.

Alternatives considered result in significant shortfalls

in meeting the component needs.

Public policy changes occurring during the planning

process suggest change in emphasis for the objectives; or

Additional information may be obtained during the planning

process.

Sélection of a Recommended Plan

The Principles and Standards provide that there will be a recommended
plan selected during the planning process. It is somewhat unclear or uncertain
right now in terms of each agency's procedures of whether that plan selection
process is going to be open process or whether it's going to be more internalized
into the agency's decision making process up until the agency head announces his
position. Each level of the decision making process will perceive priorities
and preferences of the affected groups of all levels from a different perspective
and should be expressing to the best of his ability what he perceives to be the
‘priorities and preferences of the affected public at all levels from his
perspective. In the illustration, the priorities or preferences of the affected
public at all levels may be represented by any of the three heavy black lines.
The process becomes more meaningful if such perceptions are revealed even

internally at each level in the decision making process.

The Standards provide that a recommended plan must have net national
economic development benefits, unless the deficiency in net benefits for the
NED objective is the result of benefits foregone or additional costs incurred--

NED benefits foregone, NED costs incurred--to serve the environmental objective.
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It's simply a word definition of the transformation function. In such cases,
a plan with less than a unity benefit-cost balance--somewhere along the trans-
formation function, the net NED benefits are goihg to become negative--less
than a unity benefit cost balance may be recommended as long as the net deficit
does not exceed the benefits foregone and the additonal cost incurred for the
environmental objective. A Departmental Secretary or head of an independent
agency may make an exception to the net benefits rule as applied to two
objectives if he determines that circumstances unique to the plan formulation
process warrants such exception. Such circumstances can include consideration
be other concerns and values such as represented by the regional development
and social well-being components. I should also add, however, that when

the members of the Council were considering this, they weren't thinking that

a lot of exceptions would be made.

Public Involvement

A major comment that we received during the public response to the
proposed Principles and Standards was the need to have public involvement in
the planning process. The Standards provide that public opinions be solicited
early in the planning process; that periodic expression of the public’'s views
orally be encouraged along with recording of opinions; that public meetings be
held early in the course of planning; that lines of communication be opened to
receive views of the public; and that all plans, reports, data analysis,
interpretations and other information be made available for public inspection.
The Standards are quite broad with respect to public involvement reflecting the
experience that not one technique works in every case and that flexible approach,

but one incorporating the above concepts and policies, may be taken.

Institutional Setting

The Director has indicated the Principles and Standards apply to all
levels of planning and that the key in application is related to the manner
in which the objectives are specified in the first step in the planning
process for each level of planning. The Principles and Standards will guide
Federal participation in comprehensive planning and apply to certain direct
Federal programs and the Federally assisted program of the Soil Conservation

Service.
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In river basin commission areas or in areas with interagency committees
or other regional institutions we have a mechanism for interagency, inter-
disciplinary, intergovernmental input into the planning process. Where we
are dealing with subjective values in the planning process, interagency,
interdisciplinary, intergovernmental input is essential to the planning process.
In implementation planning (Level C) special efforts may be required. We may
not be as well geared up. The Principles and Standards have not addressed this
matter. In the future we are likely to have lead agency planning with interagency
input and the interdisciplinary input coming through the technical disciplines
that are available in all of the agencies that are involved at the Federal and
State level in the planning process. In dealing with these incommensurable
objectives, again it is essential that an interdisciplinary plan formulation

approacﬁ be used.

-t

Conclusion ,

In conclusion, the Principles and Standards provide for an open planning
process more responsive to the priorities and preferences of the affected public
at all levels in planning for the management and utilization of the Nation's

water and related land resources.
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NATIONAL ECONOMIC DEVELOPMENT (NED) OBJECTIVE

Robert A. Young
Department of Economics, Colorado State University
Fort Collins, Colorado

This report presents the conceptual basis underlying the National Economic

Development Account in the Principles and Standards for Planning Water and

Related Land Resources (Federal Register, Vol. 38, No. 174, Part III,

September 10, 1973). It is intended to dccument and supplement the material
presented orally in the Training Program at CSU, August 12-23, 1974. A
related report has been prepared which discusses techniques of measurement

appropriate to implementing the concepts reviewed here.
National Economic Development and the Role of Water Resources Investment

Economic growth has long been an explicit objective of U.S. economic
policy. Growth as a goal has come under some question in recent years, as
groups in the economy have challenged the premise that increased output of
marketable goods and services necessarily increase the nation's welfare.
Indeed, the expansion of traditional benefit-cost analysis to incorporate

multiple objectives, as evidenced by the Principles and Standards under

discussion here, is evidence of significant discontent over the dominance
of economic growth as the prime objective of public water development policy.
Nevertheless, the development goal remains an important one, and will continue

to play an important role in national water planning.

Water resource investments, via the various traditional means which include
irrigation, flood control, navigation, recreation, hydropower, etc., contribute
to increased national economic product in at least two ways. First, such invest-
ments allow a given list of goods and services to be produced with fewer resources,
thereby freeing some resources to produce other valued outputs. Alternatively,
water resource investments may increase the goods and services produced from a

given set of resources. In either case, carefully planned investments in water
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resources can increase productivity of land, (as well as labor and capital) and
thereby contribute to the objective of growth in the national economy. For
example, irrigation water can vastly improve the output of land resources under
arid conditions, while navigation works can provide the basis for less expensive
transportation services, increasing the economic productivity of water flows.
Further, such activities are properly performed by the public sector, since
private capital may not be available which will invest on a sufficiently large
scale or for an appropriately long planning horizon, or because the public
interest will not likely be served by a private monopoly in control of these
outputs.

Measures of National Economic Growth

The most familiar measure of economic output, albeit a somewhat crude one,
is Gross National Product (GNP), which expresses the sum total of all marketed
goods and services produced by the economy, each measured in terms of its
monetary value. When converted to a per capita basis, comparisons of the Gross
National Product in various time periods provides an index of the degree to
which the economy provides individual members with increasing amounts of

desired goods and services.

When goods and services are produced by the public sector, rather than in
the private economy, a number of special problems of concept and measurement
arise. Goods and services produced by government agencies are typically not
exchanged or priced as goods and services in the market economy. Hence, the
necessary economic functions of valuation of resources and rationing consumption
to match limited productive capabilities must be performed by alternative
mechanism. The Gross National Product does not measure unpriced goods and
services, nor are disamenities associated with economic production and distribu-
tion deducted from it. Hence, in public sector planning more refined measures

of national economic welfare are required.

The analytical procedures commonly termed ''benefit-cost analysis'' have been
developed and refined to meet this need in public sector investment decisions.
Traditional benefit-cost analysis as practiced in the water resources field has
emphasized economic efficiency and economic growth as the principle goal.
Benefit-cost analysis differs from investment planning in the private sector

principally in that public planners attempt to assign values to impacts or
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outputs (both favorable and adverse) which are not priced in the market

economy, in addition to those that do fall into the market system.

Wants, Resource Scarcity and the Economic Problem

A. Wants and Resource Scarcity and the Functions of an Economy

Few of us are able to satisfy our wants with the means we have
available. We might desire a better diet or improved housing. On less
basic grounds, we might prefer a more varied wardrobe, a newer automobile
or a longer vacation, For practical purposes, the means for satisfying
wants are limited. Resources, the ingredients of want-satisfying goods
and services are finite in supply. Nations differ in their ability to
supply the wants of their citizens according to their endowments of both

natural and capital resource and level of available technology.

Economic activity is the use of resources to satisfy wants. It
consists of production, consumption and exchange, together with all their
ramifications. We expect economic activity to be directed toward
increasing the well-being of the nation's population. The well-being of
the population is, in most western democratic societies, based on the

expressed preferences of that population. This notion is termed consumer
sovereignty.

In order to satisfy the wants of its members, an economy must perform

several functions. These functions include a) determining the relative value

of goods and services, b) organizing production so as to continually reorient

resources toward producing goods which are deemed to contribute most to want

satisfaction, and c) divide the output among the people who compromise the

system.

B. Economics in Non-Market Contexts

A predominantly private enterprise economy, such as our own, performs
the above functions through private production of goods and services and
voluntary ex.iznge in markets. Prices and profits provide the guiding
mechanism for allocating resources and commodities as its members seek to

enhance their indiwvidual well-being. Economics as a discipline studies
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the operation and functioning of economic systems, seeking to describe,

explain and predict the behavior of the elements of that system.

Our economy is mixed, in the sense that a public sector exists
side by side with the private market economy. An important part of the
‘public economy consists of ecosystem management; consider as examples,
the forests, grasslands and game herds managed for the public by state
and federal agéncies. Economics makes an important contribution to

problems of public resource allocation.

One of the most important functions of economics is to evaluate
public policy. Economics, contrary to common understanding, begins with
the postulate that man is the measure of all things. Things which
contribute to human health and happiress are more directly "economic",
and therefore more important than property, which is simply an intermediate
means to health and happiness. Neither do economists regard ''economic'" as
a synonym for 'pecuniary''. Rather, money is but one of many means to ends

as well as a useful measure of value.

Rational planning involves prediction of the consequences of
alternative policies and selection of a best plan according to some ethical
or normative criterion. Therefore, evaluation of public policy involves
value judgments, and there must be some means of thinking about them
systematically, and if possible, quantifying them. Paraphrasing a passage
by Allen Kneese, we may observe that the importance of economics to the
process derives from the fact that the price and allocation theory of
economics and its prescriptive applications to problems of human welfare
is a theory of social values. It is a theory of social values sufficiently
detailed, precise and logical to assist in the derivation of decision
criteria and to provide a structure for systematic, quantitative measurement.
The theory is based on the premise that individual tastes and preferences are
to govern the use of resources in a free society, a value judgment widely

accepted in our culture.

Economic analysis plays an important role in social decisionmaking,
arbitrating among the rival claims of different interst groups and disciplines.
Absolutism is explicitly rejected. This is why the economist tends to speak

in terms of demands and preferences, rather than requirements and needs. The
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basis upon which welfare economics establishes the commensurability of

different goods and services is the willingness of consumers to pay for

the resources necessary to produce them in view of the willingness of

the same or other consumers to pay for the use of those resources in

alternative employments. In this process, there are no external standards
for a '"good result'. Rather, the desirable result is deemed to be the one
that goes furthest in satisfying human wants, given limitations on resources

and -the prevailing distribution of income.

An idealized competitive economy will yield an allocation of
resources such that no alternative pattern of resource use will make any
individual better off without making someone else worse off. Such an
alloqation of resources is said to be "economically efficient", and given
the distribution of income and the limitations on resources, is the pattern
of resource allocation which will most completely satisfy human wants.

Much of the process of evaluating public choices, in non-market contexts,
involves simulating the results which would be obtained in the presence of an

ideal competitive market economy.

Some Preliminary Concepts

A number of procedures and assumptions will be accepted as a basis for

the process of determining beneficial and adverse effects.

A. General Setting for Analysis

As a general rule, full employment of resources is to be assumed.
National and regional projections of population, employment and output, on
which estimates of demand for outputs and services will be prepared (Mr.
DeGraff's presentations elsewhere in this document will provide detailed
descriptions of the concepts and procedures underlying these projections).
However, the existence of localities of chronic underemployment or unemployment,
is to be recognized, and accounted for in the analysis as will be discussed

below.

B. With and Without Analysis

Economic and social conditions are not static, and changes in
economic variables can be expected even without implementation of a plan.

In order to isolate the impacts of a plan, it is necessary to compare
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estimated conditions with a plan as compared to conditions expected without
the plan. In other words, only the incremental beneficial and adverse
effects of a proposed plan should be accounted for. This precept is often

referred to as the '"with-and-without principle".

C. Discount Rate

Investments in water resource plans and projects involves the
sacrifice of resources (and the benefits they would confer in present
consumption) for future benefits. Society prefers present benefits to
future benefits, a concept called "time preference". The weight attached
to future benefits as compared to present benefits is given by the ratio
1/(1+r)t, where r is the discount rate (usually a positive decimal fraction)
and t represents the number of years into the future that future benefits
under consideration will occur. The benefits of a water resource system
tends to be registered over long periods, often in excess of a half-century.
Since the present value of benefits is highly sensitive to the level of the

discount rate, the choice of r is of immense practical significance.

At this writing, the discount rate has been specified by Congressional
mandate at ,05875.

D. Period of Analysis

Two considerations are relevant here. First, the discounted value
of beneficial and adverse effects accruing at distant points in the future
becomes negligible. Hence, for periods longer than say, fifty to seventy
years, analysis of beneficial and adverse effects would have little appreciable
effect on the project design. Second, technological trends may affect the

economic life of a project.

The appropriate period of analysis is the shorter of the periods
judged appropriate from the two considerations noted above (subject to the
need for incorporating very long term environmental and/or social well-being

impacts).

E. Price Relationships to Use in Evaluation

The basis for prices used in the NED account should reflect real
exchange values expected over the priod of the analysis. For most cases,

the relative prices existing during the planning period may be assumed to
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prevail over the life of the plan. Of course, in some instances, detailed
studies may reveal a need to treat certain resources or plan outputs in
special ways. Changes in prices due to general inflationary forces are

not changes in real resource values, and should be ignored.

F. Risk and Uncertainty

The problem of imperfect knowledge arises when the analyst or
decisionmaker does not know exactly what the outcome of their decisions
will be. If enough information is available to assign probabilities to
outcomes, the degree of knowledge about the situation may be characterized
by the term "risk". For example, frequency analysis in hydrology, where
actual or simulated records are analyzed to determine flow probabilities,

represents a case of predictable risk.

Uncertainty is characterized by the absence of any knowledge
regarding the probability of outcomes. Our knowledge of future occurrences
of social and political change, wars, technological advance and, in turn,
the impact of these factors on effects of programs and projects is not
ordinarily representable by probability measures, and hence is described

by uncertainty.

The discussion in the Principles and Standards is largely based on
the assumption that all beneficial and adverse effects are more or less
definitely known in advance. 1In cases where this is not a reasonable
assumption, there is little guidance, beyond an admonition to utilize
sensitivity analysis. It might be noted that incorporation of decision
theory into planning activities is complex, difficult and time-consuming.
There is an increasingly large amount of literature which may provide

assistance in specific cases.

Sensitivity analysis--Where the accuracy of assumptions regarding

economics, demographic, social and environmental trends is questionable,
the plan may be re-analyzed using several alternative values of the uncertain
parameters. Such alternative analyses will throw light on the sensitivity

of plan feasibility and design to alternative outcomes.
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Valuation of Beneficial Effects

A. Types of Beneficial Effects in the Principles and Standards

The Principles and Standards consider the following types of
beneficial effects:

1. Value of increased outputs of goods and services

2. Value of external economies

B. Valuation of Increased Outputs of Goods and Services: The Willingness-
To-Pay Concept

As noted above, the economic theory of resource allocation underlying
the NED account is premised on the objective of maximizing economic welfare
(Economic welfare is viewed as a more general criterion than, say, GNP, in
that it incorporates estimates of the values and costs of resources, goods
or services which are not appropriately accounted for in the market economy).
The operational definition of the economic welfare criterion is that beneficial
effects of development proposals are valued in terms of individual user's
willingness-to-pay for the use of the resource rather than go without the
services afforded by the resources. Further, willingness-to-pay must be

backed by ability to pay, so as to insure that the measure is a sound

reflection of the strength of relative preferences.

Willingness-to-pay measures what people are willing to sacrifice or
give up to obtain the good or service, and thereby measures its relative
value. For most goods and services market prices provide reasonably accurate
measures of relative value, but for most values associated with water resource
development, the price system does not yield such convenient guides. However,
the concept of economic value or benefit is equally applicable to outputs of
public projects. It is this willingness-to-pay, rather than what consumers
are required to pay (which may be negligible or zero) which is the appropriate

measure of benefits received.

The willingness-to-pay for any good or service may be approximated
by the area under the aggregate demand curve for that commodity, as illustrated
by a simple example shown in Figure 1(a). For any specific publicly supplied
commodity, demand is in some sense limited, and the value of an additional
unit decreases as quantity consumed increases. For direct consumption com-

modities, the individual's demand curve is conceptually derived from the

-38-



D
Value Value |
$ ) $

y l
1
i
/ {

-4
|
/ ‘
/ !
/ 1
1] A/é‘“ ¥

Quantity per unit time Quantity per unit time

(a) Marginal Value as Related to (b) Total Value as Related to
Output of a Publicly Supplied Output of a Publicly
Good Supplied Good

Figure }

Marginal and Total Values of Public Outputs

«39-



consumers utility function. Its negative slope follows from the postulate

of diminishing marginal utility with increased consumption. Where the good
in question is an intermediate product (producer's good), the derived demand
curve may be interpreted as the value of the marginal product of the good in
further production. The negative slope of the demand for a producer's good
stems from the principle of diminishing returns, which asserts that added
units of inputs to a production process yield successively smaller increments

of output.

A more compiete understanding of the role of the demand curve may be
achieved by considering Figure 1(b). The total benefit or willingness-to-pay
for public provision of a commodity is measured by the total willingness-to-

pay for-a given level of output. Define a demand curve:
D= £(Q ' (1

as in Figure 1(a). The total value of a given quantity of a public good is
the area under the demand curve, i.e., the cross hatched area. In symbols

the total value of some quantity (say Ql) of publicly supplied commodity is
Ve=g@ = J £Q 4 (2)

The marginal value, (the demand curve f) is the first derivative (or slope)
of g, while g is the primitive of f. It is appropriate to refer to g as
the total value function and f as a marginal value function, such that

vV = £(Q (3)

The marginal value of output Q per unit time is illustrated in Figure 1(a)

and the total value in Figure 1(b).

Consumer's Surplus--Under normal market conditions, market value is

determined by the price-quantity relation shown in Figure 2. The market value
of Ql units of output is the area of the rectangle of OPIAQI’ and each unit is

valued identically at P Willingness-to-pay, or aggregate value, consists of

1
the area under the demand curve evaluated at a particular level of output, i.e.,
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the rectangle OPIAQ1 plus the triangle PlBA. The triangle is termed the

""consumer's surplus'' and is defined as the excess of willingness-to-pay

over the price which is actually paid for a particular level of output.

&

Figure 2

C. External Effects

1. Definitions and Concepts. External effects are defined as
unpriced side-effects of economic activity which affect the production or

utility levels of other producers or consumers. Both the interdependence

and non-price conditions must hold for an externality to exist. If inter-
dependence exists, but the effect is priced, the externality is said to be
"internalized". External effects can be benefits (external economies) or

costs (diseconomies).

Two types of externalities are identified, ''technological" and
"pecuniary'. A technological externality occurs when the production function

of the affected producer or the utility function of the affected consumer is
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altered. Pecuniary externalities relate to changes in output or utility of

a third party due to changes in the level of demand.

2. Technological Externalities. This concept can be illustrated by
a simple example of two firms, 1 and 2, each producing a specific commodity.
The respective quantities of each producer may be labeled 9, and q,- By their
discharges of effluent into a body of water drawn from by both, they increase

each other's cost of production.

Their impacts on each other are not compensated. Denote the respective

cost function:

C, = Cylay, ay)
The interdependency condition noted above is represented by the fact that the

costs of each producer are affected not only by the quantity of output of his
product, but by the output of the other producer.

If an increase in output of one commodity reduces costs of the other

producer, a technological external economy is said to exist.

In symbols, if

dc
Lo

dq2
an external diseconomy is said to exist.

3. Pecuniary Externalities: Nature and Applicability--Pecuniary

effects represent impacts conveyed indirectly through the price system by
alterations in demand and relative prices. These effects will be registered
on supply or processing industries (corresponding to the terms ''induced" and
"'stemming' effects). An increased output of an agricultural commodity will
be reflected in higher demand, and hence higher profits for suppliers of
farm equipment, seed and fertilizer dealers and processors. Pecuniary
effects are found in changed prices and profits, but do not alter the

technical possibilities of production.
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It is usually held that pecuniary externalities are not relevant to
evaluating real national welfare as interpreted in the NED objective. That
is, they represent transfers from one sector to another via changes in
relative prices, but do not reflect changes in real national output. To
add pecuniary externalities and direct effects would be to double count,
since the proper evaluation of increased direct output will already reflect

the gains to suppliers and procegsors.

This is not to say that pecuniary effects are not of importance to
those localities who feel their impact. Pecuniary externalities are to be

dealt with in the Principles and Standards under the regional accounts. In

an idealized competitive economy, the net pecuniary gains in the region of
project impact will be offset by pecuniary losses elsewhere. Therefore,
gains or lossés among all regions in the nation should sum to zero. However,
under some special circumstances, such as unemployment, resource immobility
or economies or diseconomies of scale in related industries may be determined
to exist. In such cases, adjustment is required in the NED account. The

unemployment issue is dealt with explicitly in the Principles and Standards,

and we take it up below.
Valuation of Adverse Effects on National Economic Development

The adverse effects can be categorized to include the value of:
a) resources used or displaced to produce project outputs; and
b) decreases in output resulting from technological external

diseconomies

In this section, we also touch on cost adjustments required by the presence

of unemployed or underemployed resources.

A. Resources Required or Displaced in Order to Produce Project Outputs

Given the scarcity of economic resources, it is clear that undertaking
a public investment will divert resources from possible alternative uses. These
alternative uses may be elsewhere in the public sector, or in the private sector.
Thus, there is an opportunity cost to carrying out the public investment. In

order to maintain consistency with our measures of beneficial effects, we require
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a measure of willingness-to-pay for the foregone alternative. Subject to
some qualifications regarding unemployed resources, which will be dealt

with at a later point, it is assumed that the total money value or costs

of required project resources properly reflect the willingness-to-pay for

the foregpne resources uses.

Costs of resources used will include all direct expenditures required
for construction as well as operation, maintenance and repairs throughout the
period of project life. These consist of actual construction expenditures,

transfers from other projects and interest during construction.

The value of resource uses displaced may be an important component
in public water-related programs. For example, the costs of acquisition of
a project site may reflect only the private market value of lands involved.
If the site is in the public domain, or if privately held lands have a
significant public goods component (scenic, scientific or recreational) then
the actual acquisition costs may understate true social opportunity costs of
the project. Also, certain cost-sharing arrangements may require local
communities or beneficiaries to furnish lands, easements or rights-of-way.
The appropriate opportunity cost measure of the value of such resources

should be included in project resource costs.

Finally, in the case where plan output is in the form of an inter-
mediate good (a commodity to be used in further production of final goods
or services) the associated costs incurred in the process of converting the
intermediate good to a final good must be accounted for. These associated
costs are incurred by private sector users of plan output, but must be
deducted from the value of gross plan outputs to properly obtain net
beneficial effects. Examples of associated costs include production costs
(machinery, labor, seed, fertilizer, etc.) of irrigated farmers receiving
project water supplies, or perhaps the cost of conveying electric power from

a hydroelectric power plant to final consumers.

B. External Diseconomies

In parallel with the treatment of external economies in the beneficial

effect accounts, technological external diseconomies represent a real resource
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cost to the economy, and should be reflected as an adverse effect. (See
Section IVC above for a definition and discussion) Uncompensated, undesirable
side effects are measured in terms of the willingness of the adversely affected
groups to pay to avoid the impact. For example, irrigation projects in the
western United States often yield return flows (of excess irrigation water)
which are high in dissolved solids due to concentration of existing salt

loads or pickup of soluble soil salts. The impaired water quality may

reduce the output of downstream irrigators or force household or industrial
water users to adopt higher cost water treatment practices. The value of
decreased production (in the first case), or the increased treatment cost

(in the second case) represent the willingness-to-pay of the affected third

parties. to avoid damages.

C. Cost Adjustments for Utilization of:Unemployed or Underemployed Resources

The general assumption underlying the analysis relating to the National
Economic Development objective is that all resources are fully employed, However,
this premise may not hold in certain regions or localities. Labor, fixed capital
or natural resources can be unemployed or underemployed at specific times or
places. A water-related plan or program may create opportunities to use resources
which would be unemployed or underemployed in the absence of a plan. Such
opportunities may be direct, in that the resources are used in construction,
operation and maintenance of the project facilties, or the resources are
employed in the utilization of intermediate goods produced by the plan.
Alternatively, such opportunities may arise indirectly as a result of expansion
of output by firms who do business with producers, resource owners, Or cOnsumers

who are direct project beneficiaries or are employed on related activities.

In such a situation, the social costs of the increased output from
the plan are overstated by the resource costs (i.e., wage rates). (The social
opportunity cost should measure value in alternative uses, which is by definition

in this case, zero or at least less than market price.)

Ordinarily, in theoretical discussions, unemployed resources are dealt
with as deductions from program costs. However, problems arise in cost allocation
procedures, and to avoid requiring beneficiaries to pay market rates (i.e.,

prevailing wage rates) for resources of low social opportunity costs, the
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Principles and Standards require this adjustment be handled in the form of

an addition to beneficial effects.

Measurement--The appropriate adjustment is measured by the difference
in the earnings accruing to otherwise unemployed or underemployed resources
with a plan as compared to their earnings without a plan. (Some analysts have
argued that, in the case of unemployed labor resources, the supply price for
labor should be used, rather than the earnings. The supply price would
reflect the value of leisure, presumed to be greater than zero, rather than

the earnings, which would be zero).

Because of measurement problems, this adjustment to the NED account
is to be applied only for impacts during the construction or installation

phases of a plan.
Special Topics

A. Optimal Scale of Projects

In practical applications, benefit-cost -analysis of investment projects
usually proceeds by analyzing specific, discreet projects or plans. It is well
to keep in mind, however, that the quantity of resources elevated to a project
can be regarded as a controllable variable, rather than a "requirement''. That
is to say that the scale of a project is not necessarily determined by physical
factors, such as site characteristics, but is a matter usefully considered in

the economic analysis.

Due to the existence of diminishing marginal utility of consumers

(or diminisking marginal productivity for producers goods), the curve or
function which relates total benefits to project scale will eventually reach
a maximum. Also, the total costs will tend to increase at an increasing
rate. These notions are illustrated in Figure 3, which assumes a single-
purpose project. Note that in this example, total benefits is greater than
total costs for a wide range of project scales, so an analysis of beneficial
and adverse effects at any specific scale would find that benefits exceeded
costs. However, the maximum difference between benefits and costs is found
at a specific scale, denoted q* in the diagram. (This solution is found by
the standard techniques of the calculus, putting the first derivative of the
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net benefit function equal to zero and solving. In the conventional graphic
approach of economics, this solution equates marginal benefits and marginal

cost, as shown in the Figure).

B. Scheduling

Benefits and costs occurring over time are affected differently by
the process of discounting when plans are examined according to alternative
future time of implementation. Plan formulation should consider the
alternative schedules of implementation to identify the schedule which would
lead to the maximum contribution to the maximum present value of net beneficial
effects. This point is of particular concern in instances where demand for

plan outputs is growing at a relatively rapid rate.

This concept is illustrated in Figure 4. Construction at an early
date (prior to t' on the graph), there is excess capacity, and demand
(willingness-to-pay for projected outputs) is less than costs. Note that
the present value of net benefits will be positive (or equivalently, the
benefit-cost ratio will be greater than 1.0) at points in time beyond t'.
However, due to rapid growth in demand, the present value of benefits will
continue to rise if implementation of the project is postponed to a later
date. On Figure 4, the time of implementation which yields the maximum

net NED beneficial effects is shown by t*.
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THE ENVIRONMENTAL QUALITY OBJECTIVE

Ervin H. Zube
Director
Institute for Man and Environment

University of Massachusetts, Amherst

"Plans for the use of the nation's water and land resources will be
directed to improvement in the quality of life through contributions to
the objectives of national economic development and environmental
quality". (Principles and Standards (P§S), p..5, Water Resources
Council (WRC) 1973, p. 5).

PurEose

The purpose of this session is to provide an overview of the environmental
quality (EQ) objective from a conceptual vantage point. The EQ objective is
defined in the Principles and Standards as reflecting society's preferences
so as,

'""To enhance the quality of the environment by the management,
conservation, preservation, creation, restoration or improvement of

the quality of certain natural and cultural resources and ecological

systems'. (p. 6 P§S).

My comments are organized in four major sections. The first is a
discussion of various concepts of the environment and of environmental quality
which have been and still are extant in resource planning. The second section
will address the EQ objective -- an interpretation of its breadth and constraints --
as it is presented in the Principles and Standards. The third section will focus
on the techniques and deviees suggested or implied in the Principles and Standards
for the implementation or realization of the EQ objective. And the fourth section

will present several approaches to the maximization of EQ in planning programs.

Concepts of the Environment and of Environmental Quality

What is the environment? In searching for an operational definition to use
for this discussion I came across the following in a collection of readings on
snvironmental planning prepared by one of the agencies that plays a major role

in water and related land resource planning, the Office of the Chief of Engineers,
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Department of the Army (1970):

"The environment of any living organism includes all things to whatéver
extent that they can affect or can be affected by said organisms. Factors
such as soil, water, air, cities, plants and animals (including man and
his culture); forces such as wind, tides, gravity and man's activities;
conditions such as light, temperature, pollution and humidity; and
processes such as photosynthesis, mineral cycling and decomposition

constitute the complex known as the environment'.

The definition ended with the admonition:

"Note that man is both a factor and a force".

Environmental planning then is a process whereby the interactive and
synergistic nature of the relationships between these factors, forces, conditions
and probesses are recognized as providing both constraints on, and opportunities
for the realization of socially preferable resource management decisions. The
environmental concern, as currently expressed and as inferred historically,
relates to the end product of the planning or management process which contributes
to or provides for the best possible ''quality of life".

This is not a totally new concept in public planning. Significant examples
of what today comes under the rubric of environmental planning and environmental
quality concerns can be found for example, in the early efforts to create state
and national parks in the nineteenth century -- preserving certain natural
resources and ecological systems. This was an overriding concern in both the
designation of Yosemite Valley as a state park in 1864 and the creation of

Yellowstone National Park in 1872.

The Act which created Yellowstone stated that the area be:

". . dedicated and set apart as a public park or pleasuring ground

for the benefit and enjoyment of the people . . .".

It further provided for:
. . . the preservation from injury or spoilation of all timber,
mineral deposits, natural curiosities or wonders within said park,

and their retention in their natural condition'.

This concern with the preservation of natural resources and unique natural

landscapes coupled with a concern for controlling resource exploitation was the
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major focus of the conservation movement which followed and gained momentum

through the 1930's. Public concerns focused on the extremes -- on the

preservation of the uniquely good and on efforts to ameliorate the effects of
man as a force capable of creating misfits or uniquely bad environments, for
example the cut-over forest lands of the midwest and the dust bowl of the
great plains.

The first permanent federal legislation relating to air quality and water
quality was enacted in the 1950's. The major thrust of the environmental
movement, however, took place in the 1960's and 1970's. Increased legislative
attention was focused on air and water quality and a host of new environmental
concerns and programs were debated and launched. In 1966 the Bureau of Qutdoor
Recreation proposed a program for a nation-wide system of hiking trails and the
Department of Commerce proposed a system of scenic roads and parkways. In 1968
legislation was enacted creating a national "Wild and Scenic Rivers System'.
These proposals were oriented to the protection or preservation of sections of
the environment that were deeme& to have social value in that they contributed
to the general quality of>life. They were environmental settings that provided

opportunities -- directly or vicariously -- for quality environmental experiences.
In his Message to Congress on February 8, 1965, President Johnson stated:

'""We must not only protect the countryside and save it from destruction,
we must restore what has been destroyed and salvage the beauty and charm
of our cities. Our conservation must be not just the classic conservation
of protection and development, but a creative conservation of restoration
and innovation. Its concern is not with nature alone, but with the total
relationship between man and the world around him. Its object is not just

man's welfare, but the dignity of man's spirit".

In this message the President declared his support of proposed programs of
scenic highways, trails and rivers but he also enumerated a long list of

environmental ills that were urgently in need of attention.

On May 24 and 25 of 1965 a conference was convened at the White House in
Washington, D.C. on 'Natural Beauty'. The program which consisted of fifteen
individual panel meetings and a number of general sessions is most illuminating

because it set forth an agenda of issues which were and still are central to our
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concern with the quality of the environment. The topical titles of the individual
panels included: The Townscape, Parks and Open Spaces, Water and Waterfronts,

The Design of the Highways, Scenic Roads and Parkways, Roadside Control, The Farm
Landscape, Reclamation of the Landscape, The Underground Installation of Utilities,
Automobile Junkyards and the New Suburbia. In addition, a number of panels focused
on questions of institutional relationships necessary to initiate and effectuate
action. The reports of the fifteen panel chairmen tended to address the environ-
mental management issues in terms of development, protection and rehabilitation.

Preservation as a mangement tool was suggested mainly for historic - cultural sites.

Since then, we have seen a number of legislative attempts to deal with environ-
mental amenities such as the coastal zone and misfits such as billboards and
surface mining areas. Concerns in the present session of Congress, for example,
have foéused on the need for rehabilitation of land areas subjected to surface
mining for coal. Interestingly, in some parts of the country (e.g. the West) this
reclamation activity which would demand considerable amounts of water for the
re-establishment of vegetation, could become another major factor in the

allocation of limited water supplies.

What is the significance of this all too brief foray into the history of
the environmental movement? I think that it tells us a good bit about the
concept of the environment that has been evolving and about changing concepts
of a quality environment. Let me summarize the major ways in which our
perceptions, values and/or program emphases have been broadened. They can be
described along the five dimensions of: the parameters of quality, the
environmental setting, the qualitative scale, the geographic scale and the

management techniques.

1. The parameters of quality: From a primary focus on air and
water quality and unique landscapes to an expanded array of
natural and cultural indicators or characteristic exemplary

of a quality environment.

2. The environmental setting: From concern with the management
of natural resources in natural settings to the management of
natural resources in all environmental settings ranging from
wildlands through farmlands and suburbia to townscapes and

cities.
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3. The qualitative scale: From a qualitative concern with the uniquely
good to a full spectrum of values including the misfit and the

intermediate levels between the uniquely good and the misfit.

4. The geographic scale: From concern with individual sites such as
unique geological features to the expanded geographic scale of
natural systems such as wild rivers and to the environment as a
continuum ranging from wildlands to cities which consist of

overlapping and interacting natural and cultural resources.

5. The management techniques: From preservation as the primary
management technique for environmental quality through protection

and development to rehabilitation.

Assessment of Environmental Quality

This broadened perception of the environment has presented the scientist
and the planner with a set of assessment problems which will be addressed in
some detail at a later point in this program. There are, however, a few points
relevant to the identification and assessment of EQ components which are

particularly pertinent to the present discussion.

One element that has been explicit or implicit in all of the previously
discussed efforts to provide for a better environment is that each proposed
action was directed to the improvement of the ''quality of life''. As more and
more programs were added, the lives of more and more people were impacted. As
programs became more persuasive geographically, they began to affect broader
and different sectors of the American population. Not only were the more
affluent members of middle class society who frequented National Parks, for
example, affected by resource management decisions advanced in the name of
environmental quality; but also the lower income citizens who work in strip
mines, who encounter roadside junkyards everyday of their lives or who work
for river polluting industries. As a result of this broader impact and of
heightened awareness of environmental resources in general, questions of
values -- of the subjective dimensions of some of the environmental issues -- were
recognized. Questions of what environmental characteristics are valued, and for
what purposes and who benefits from programs directed thereto are exemplary. For
ciample, should wildlife and related habit be preserved for aesthetic values
only near a metropolitan center with hunting prohibited -- in effect catering

.0 the bird watching public or should it be managed to provide for the altérnate
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environmental values of another public and encourage hunting? Or should the
water quality of a stream be improved to the level required for fish habitat
or to the level required for contact sports? 1In both of these hypothetical
examples it is unlikely that there would be considerable disagreement with

the planners' efforts to provide objective measurement or assessment of the
quality of the resource. There could, however, be considerable differences
based on different ''publics'" perceptions of environmental quality and/or
preferences for use. A stream or land area which does not provide for a
preferred use may not be perceived as contfibuting to environmental quality,
to the quality of 1life by those sectors of society whose preferences are not
satisfied. In other words, resource quality may not be perceived as synonomous
with environmental quality in all cases by all people. This potential for
variable preferences and perceptions suggests that the following factors must
be considered in the resource assessment process and in the development of the

EQ objective:

1. Objective measures of resource quality based on empirical data.

2. Expert judgments of resource quality where empirical data are
lacking.

3. User preferences for resource use.

User perceptions of environmental quality.

The first two factors are addressed to the question of resource quality.
To the extent that the variables which are measured are responsive to changes
and reflect the magnitude of those changes in some agreed upon critical
component of the environment (e.g., open space, public health, aesthetic
values, etc.), they may also be more broadly defined as EQ indicators. The
second two factors relate to the questions of what variables or environmental
characteristics should be measured. In other words, it is of vital importance
that the issues addressed in the development of the EQ objectives be those
that are recognized by the users, the several publics, as the issues of greatest
importance. And, this speaks to the issue of public inveolvement at the earliest

possible time in the planning process.

The Environmental Quality Objective

"This objective reflects society's concern and emphasis for the

natural environment and its maintenance and enhancement as a source

of present enjoyment and a heritage for future generations’.

(emphasis added, WRC, p. 33).
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""Responsive to the varied spiritual, psychological, recreational and
material needs, the environmental objective reflects man's abiding

concern with the quality of the natural physical-biological system in

which all life is sustained". (emphasis added, WRC, p. 33).

The caveats in these two statements relating to '"matural environment' and
""natural physical-biological systems'" are appropriate and relevant, I believe,
to a set of principles and standards for water and related resources planning.
The central theme is resource planning and these terms help to define the
natural resource domain. They should not, however, be interpreted to exclude
metropolitan areas from consideration in this kind of planning. Natural
enviromments, if we define them as environments consisting of primarily
natural physical-biological systems rather than of cultural, socio-economic
systems, can -- should -- and do exist in urban metropolitan centers. They
are in fact - in the minds of many people - essential ingredients of any

quality environment, be it rural or urban.

Environmental Quality Components

The Principles and Standards list four exemplary components of the EQ
objective. They relate to: amenity values; cultural, educational and
scientific values; resource quality; and maintaining options for the future.

The component relating to amenity values states:

"Management, protection, enhancement, or creation of areas of natural
beauty and human enjoyment such as open and green space, wild and
scenic rivers, lakes, beaches, shores, mountains and wilderness areas

and estuaries . . .".

While some of these resources such as mountains and wilderness areas are
unique to or can only be found in natural settings, open and green space, lakes,
beaches and shores are not. The planning and management of these resources in
metropolitan areas can contribute significantly to urban amenities. The
structuring of open and green space, for example, around natural drainage ways,
around rivers and streams, can provide linear parks which thread their way
througheut urban areas; which can serve as visual and physical means of
structuring urban growth; and which thereby create and enhance aesthetic
values. They can define boundaries and identify neighborhoods or sectors of
the city. In summary, amenity resources should be considered along the entire

environmental continuum, from wildlands to the city.
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The component relating to cultural, educational and scientific values
states:
""Management, preservation, or enhancement of especially valuable
or outstanding archaeological, historical, biological (including fish
and wildlife habitat), and geological resources and ecological

systems . . . ".

This component recognizes the importance of protecting examples of
relatively undisturbed naturally occurring ecosystems for educational purposes
and for scientific study -- for the maintenance of diversity in the environment
and for use as benchmarks in assessing the impacts of man on similar ecosystems.
It also recognizes the educational and cultural values society attaches to the
buildings, structures, sites and other artifacts associated with the history
and the prehistory of the land, the country and the culture. These buildings,
structures, sites and artifacts are tangible examples of the values and actions
which represent where we have been both as a nation and as individuals, and
how we got to the present. They represent actions and artifacts of warfare as
well as the accomplishments of community building. They provide insights to
the evolution of its social and political insitutions and its scientific and

technical developments.
The component relating to resource quality states:

"Enhancement of quality aspects of water, land and air by control of
pollution or prevention of erosion and restoration of eroded areas
embracing the need to harmonize land use objectives in terms of
productivity for economic use and development with conservation of

the resource . AN

This component addresses a broad topic. It speaks, for example, to the
issue of non-point sources of pollution which are related to varying land uses
and land use practices. It also speaks to the issue of relating use to resource
capability. Considerations of steepness of slope, ground water level and soil
quality for agricultural production are factors to be considered, both in
controlling non-point sources of pollution and in harmonizing land use objectives
with conservation of the resource. It suggests the consideration of resource
capability analysis as a step in the planning process as a means of identifying

the parameters of harmonious land use and conservation objectives. It also
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suggests that related land use -- a term which is not defined in the Principles
and Standards -- be defined, for example, as the watershed in the case of a river

basin study.
The component relating to the maintaining of options for the future states:

"Avoiding irreversible commitments of resources to future uses: While
all forms of development and use affect and sometimes change the tenuous
balance of fragile aquatic and terrestrial ecosystems, the implication of
all possible effects and changes on such systems is imperfectly understood
at the present time. In the absence of absolute measures or standards for
reliably predicting ecological change, these planning standards emphasize
the need for a cautionary approach in meeting development and use objectives
in order to minimize or preclude the possibility of undesirable and possibly

irreversible changes in the natural environment . . .".

This component suggests that prudence'be exercised in the allocation of
resources when such actions approach the irreversible or make commitments that
are irretrievable. It suggests, for example, that high groundwater yield and
recharge areas, well sites, flood plains, prime agricultural land, wetlands
mineral deposits and potential reservoir sites be preserved or limited in use
such that those resource values are available to future generations even though

their exploitation is not required to satisfy an existing demand.

The EQ Objective and Environmental Concepts

How comprehensive is the EQ objective as defined by the components? How
does it measure up to the expanded concept of the environment discussed earlier?
Five dimensions of this expanded concept were defined; the parameters of quality,
the environmental setting, the qualitative scale, the geographic scale and the
management techniques or alternatives. The EQ objective addresses each of these

dimensions either explicitly or implicitly.

The parameters of quality are addressed explicitly and are in fact set
forth as the four components. They range across a broad spectrum of natural,
biological, and cultural resources which are assumed to be the critical
parameters or indicators of EQ that can be addressed in a program of water

and related land resources planning.

The environmental setting is addressed implicitly. The Principles and

Standards specifies an emphasis on natural environments but they do not suggest
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that these natural environments only exist somewhere near the wilderness end
of the environmental continuum. The parameters of quality delineated in the
four components are found in metropolitan settings as well as in wilderness

settings. Hence, concern with the full range of environmental settings along

a continuum ranging from wilderness to urban is implicit.

The qualitative scale is explicit and ranges from misfits such as air,

water and land pollution to high value amenity resources.

The geographic scale is explicit and includes individual objects such as

a geological feature or an historical house to a region such as a watershed.

The management alternatives which are explicitly specified range from
rehabilitation through development and protection to preservation. Thus, a
full range of structural and non-structural devices are implied for the

implementation of the EQ objectives.

Techniques and Devices for Implementation

Preservation refers to maintaining the status quo of highly valued cultural
resources and relatively undisturbed natural systems as evidenced by an aggrega-
tion of existing objects or artifacts or by existing ecological processes. It
suggests very limited constraints on use and requires primarily non-structural

devices such as acquisition in fee or part.

Protection refers to the accommodation of limited change without loss of
quality in critical environmental characteristics or parameters such as
agricultural lands or open space and implies primarily the use of non-structural
devices such as easements, purchase/lease-back, land use controls or tax

incentives and subsidies.

Development refers to the initiation of change to provide some desired
environmental characteristic or attribute such as the clearing of woodland to
provide a view, building roads to provide access to environmental amenities
or creating water bodies to enhance aesthetic qualities. It usually requires
structural devices such as roads or dams and may also require non-structural

devices such as acquisition.

Rehabilitation refers to the initiation of change to ameliorate misfits
and to create or enhance environmental quality characteristics such as by

reclaiming urban waterfronts from derelict structures or removing structures
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from flood plains to create water oriented open spaces and areas of natural

beauty and human enjoyment. Rehabilitation can also require the use of both

structural and non-structural devices.

This broad range of management alternatives, from preservation to
rehabilitation and the related non-structural and structural devices)provides
an effective means for addressing environmental quality components at essentially
all planning scales and in all settings from wildlands to urban. The use of
these alternatives and devices is also supplemented by a number of related

congressional directives or public policies such as:

. The Wild and Scenic Rivers Act of 1968 (Public Law 90-542) which
provides for the preservation of wild rivers and the protection

of scenic and recreational rivers;

. The National Flood Insurance Act of 1968 (Title XIII, Public Law
90-448) which places increased emphasis on land use regulations

in flood-prone areas;

. The Urban Growth and New Community Development Act of 1970 (Public
Law 91-609) which calls for the preservation and enhancement of
both the natural and the urban environment in new communities
including new towns in-town and major additions to existing

communities as well as free standing satellite communities;

. The Rural Development Act of 1972 (Public Law 92-419) which provides
for the management of agricultural wastes, soil erosion and recharge

of ground water; and

. The Federal Water Pollution Control Act Amendments of 1972 (Public
Law 92-500) which establishes goals for waste treatment and water

quality.

Such congressional directives can be interpreted as expressions of public
values. As such they provide guidance in the identification of EQ components

and in the identification of relevant techniques and devices.

Maximizing Environmental Quality

The fourth and final section of this discussion is intended to suggest ways
of maximizing EQ. But, what factors contribute to the maximization of environ-

mental quality in the planning process? This is an important, but very difficult
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question to answer. Obviously there are many factors which contribute both
in discrete and in interactive ways but no single approach or factor provides
the genius loci of the EQ objective. The following comments will summarize
five of which I perceive to be the more important factors or ways. Some of

the strengths and short-comings of each will also be noted.

The first factor for consideration is the importance of viewing the
planning area as an environmental continuum rather than as a set of discrete,
discontinuous sites. It is essential that resource planning programs be
undertaken with a full knowledge of the implications of the previously stated
operational definition of the environment -- the interaction between factors,
forces, conditions and processes -- and within the broadened conceptual
framework of the environment and environmental quality which has evolved

during the past two decades.

Coincident with this view is the setting of the environment as the
independent variable in the resource allocation equation. In other words,
the capability of the component resources to accommodate varying kinds and
intensities of human activities without loss of quality should influence the

amount and nature of change to be accepted.

In the Southeast New England Water and Related Land Resources Study (SENE)
this approach is being applied to obtain an approximation of the resource
holding capacity of the region as an alternative to the Bureau of Economic
Analysis (BEA) population and economic projections. All existing undeveloped
lands were classified in one of three phases of an eliminative model. Phase I
consists of critical resource zones in need of preservation which include
water bodies, well sites, inland wetlands, coastal wetlands, c¢ritical erosion
areas, beaches, anadromous fishing and spawning areas and shellfish flats.
Phase II consists of highly valued resources and hazard zones which include
potential reservoir sites and related watersheds, Class I and II agricultural
soils and unique sites. Floodplains and coastal flooding areas are considered
zones of hazard. Phase II consists of areas to be preserved or protected.
Phase III includes all the remaining undeveloped lands which are then assessed
to determine their capability to accept different intensities of urbanization.
Factors used to assess capability include soils limitations for septic tank
location, groundwater yield and recharge zones, scenic landscape quality, slope

and wildlife habitat. Each of these factors was assigned a density figure on
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the basis of expert judgments reflecting the intensity of urbanization which
it could accommodate with no loss in quality. 1In ten of the thirteen coastal
drainage areas which make up the SENE region the resource holding capacity was
greater than the BEA projected growth, in two it was less and in one the same.

Overall it suggested that capacity was greater than the projected 1990 growth.

This is a very useful tool for environmental quality planning but it is
also an incomplete one. Resource values are based on empirical data where
available and where necessary on expert judgment. As such, it strives for a
high degree of objectivity. There are several short-comings or problems that
should be recognized in its use. It does not include consideration of the
public's preferences for varying life styles and varying perceptions of related
quality environments which are manifest by rural, small tewn, suburban and
urban settings. If resource capability were to be the primary EQ planning
factor, it could result in a regionally homogeneous environment supportive
of limited variations in life style. It may also, as a recent critic stated,
become accommodation planning, ''under which growth is assumed and the only
question becomes how to accommodate and distribute it'. (Conservation
Foundation, 1974, p. 7). Another problem is that of the variable quality of
the resource inventory data used to develop the capability analysis. The data
are usually assumed to be of equal quality, particularly in reference to the
spatial distribution and locational aspects, regardless of the sampling or
other inventorying procedure employed. An unjustified precision and specificity

is usually imputed to these data.

The second important factor in maximizing environmental quality then is
the identification of the 'publics" environmental preferences and perceptions
of quality. As already indicated, these preferences and perceptions may not
and probably will not be consonant with an objective assessment of resource
capabilities to accommodate change. The Principles and Standards are explicit
in reference to the importance of this factor throughout the entirety of the

planning process.

The third factor that can contribute to the maximization of environmental
quality is the identification of priorities for action. Criteria which were
developed to address the question of environmental quality priorities in the
North Atlantic Regional Water and Related Land Resources Study (NAR) for example

related to:
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1. Areas and resources with the highest probability of loss or
diminution of quality because of existing or impending pressures
for development and change, areas that are sensitive to qualita-

tive change in the immediate future.

2. Areas and resources nearest to those '"publics" most in need of
enhanced environments because of sub-standard existing environ-
ments or because of limited access to environmental amenities

and quality experiences.

The fourth factor relates to the identification of the best techniques and
devices for the realization of the desired EQ benefit. The Connecticut River
Basin Supplemental Flood Management Study (CRBS) for example, is recommending
a non-structural alternative for flood control as the one which is most
supportive of the '"publics" preferences and perceptions of quality, an alterna-
tive which emphasizes preservation and protection of existing qualities. This
option is explicitly recognized in the Principles and Standards which state
" . . . consideration may be given to an alternative which explicitly precludes
any significant forms of physical construction or development. Where such a
'no development' alternative is considered, it must be recognized that positive
action is nonetheless required to assure that the 'no development' concept can
be realized . . ." (p. 103). The positive actions under consideration for the
no development alternative in the Connecticut Basin will be selected from the

following:

Subsidized insurance
Compulsory insurance
Emergency relief

. Flood warning and forecasting
Emergency evacuation
Complete acquisition
Partial acquisition

. Flood plain zoning

. Cluster zoning

. Wetland laws
Building codes

. Subdivision regulations

. Encroachment regulations

. Urban renewal

-63-



. Control of utilities

. Flood proofing

It is likely, however, that techniques and devices which are selected to
maximize the EQ objective in one area will not be the best choices in another
area. They will be related to the publics' preferences and perceptions as

they vary over space and time.

The fifth factor that contributes to the maximization of environmental
quality is the identification of those actions, techniques and devices which
are complementary to and supportive of both the EQ and the national economic
development (NED) objectives. To the extent that this is possible, trade-offs
between EQ and NED are minimized.

In summary, I have discussed five of what I think are important factors or
ways in which environmental quality can be maximized in resource planning
programs. I think that it is obvious, however, that it is not a matter of

selecting one or two, but rather of applying all. The five factors are:

1. Conceptualizing the environment as a continuum and as the

independent variable in the planning equation;

2. Identification of the "publics" envirommental preferences

and perceptions of quality;
3. Identification of priorities for action;
4. Identification of the best techniques and devices; and

5. Identification of actions, techniques and devices which

complement and support both EQ and NED objectives.

Summarz

In the course of this discussion I have touched briefly on four major themes
or areas of interest related to environmental quality and resource planning. The
first was the delineation of a much broadened concept of the enviromment which
has evolved over the past two decades and which has been manifest in congressional
mandates and public policy. The second was my interpretation of the environmental
:(jaality objective as set forth in the Principles and Standards. The third area
ihat was discussed was the techniques and devices which are both explicit and
umplicit in the EQ objective. The fourth and final theme or area of interest was

« sampling -- hopefully a critical sampling -- of ways of maximizing environmental
quality in the planning process.
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The themes were broad and as a result, time did not allow for much more
than a general review in any one area. I did, however, try to probe the edges
of the areas of interest rather than the center wherever possible. In other
words, I am more interested in assessing the apparent latitude of action that is
possible under the new Principles and Standards than I am in defining a set of
precise, sharply defined components, techniques and devices. 1 find boundaries
which are defined as zones more attractive than boundaries that are defined as

lines.

From this frame of reference, it seems to me that the Principles and
Standards can be interpreted as a marvelously broad and flexible set of
guidelines for undertaking water and related land resources planning. The
environmental quality objective provides the latitude for dealing with a diverse
array of factors, forces, conditions and processes which impinge -- directly and
indirectly on the quality of life over a range of geographic scales and environ-
mental settings. From my vantage point, it would be unfortunate to interpret

the document in a narrow, precise manner.

The fourth component of the EQ objective is addressed to avoiding irreversibile
decisions. This admonition might be applied equally well to the early interpreta-
tion and application of the Principles and Standards. Let me close with an often
used quotation from one of my geography colleagues in the resource management
field: "There are times when ambiguity hath its charms'. In other words, the
Principles and Standards have to be broad enough to cover the three levels of
planning and the considerable difference in environmental considerations to
diverse planning regions across the nation. To accommodate this breadth and
diversity as well as retaining the flexibility to encompass emerging planning
technologies and environmental assessment techniques, and when a general document
is applied to a specific region and set of issues, a certain amount of ambiguity

is to be expected and should be desired.
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REGIONAL DEVELOPMENT (RD) AND SOCIAL WELL-BEING (SWB)

Robert Gidez
Vice President, Program Development

INTASA, Consultants, Alexandria, Virginia

This paper focuses on the Regional Development (RD) and Social Well-
Being (SWB) accounts specified in the Principles and Standards. The purpose
is to (1) explain the role of the RD and SWB accounts, (2) summarize specifi-
cation of the accounts, (3) present problems of including them in the evalua-

tion process, and (4) indicate a process of implementation.

The implementation process discussed here is based on identification of
important effects related to water resource programs. Measurement of RD and

SEB effects is further discussed in Topic Group IV of the Manual.
Role of RD and SWB Accounts

The Principles and Standards, superceding Senate Document 97, represent
a definite change from past resource planning. They call for systematically
relating all aspects of water and related land resources planning to economic
and environmental planning criteria upon which plans may be formulated and
subsequently justified; where appropriate, effects on regional development
and social well-being will be assessed and displayed. The purpose of this

session is to discuss the latter type of assessments.

The RD and SWB accounts do not represent formal objectives, but are
included in the Principles and Standards to allow consideration of important
issues that might not otherwise be manifested in the National Economic
Development (NED) and Environmental Quality (EQ) accounts. In a recent
publication, the Director of the Water Resources Council stated:

"As the Principles and Standards are written now, for-
mulation of alternative plans will be based on national
economic development and environmental quality objectives.
Basically a recommended plan must have net economic
development benefits except where the deficiency in
net benefit results from benefits foregone or additional
costs incurred to serve the environmental quality
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objective. In other words, a plan with no net economic
benefit could be recommended if it has overriding long-
term environmental benefits.

Also there is a provision of the Principles that says a
department secretary or agency head may make an exception
to the net economic benefit rule if he determines that
the circumstances unique to the planning and formulation
processes warrant an exception. What this means is that
under unusual circumstances it is possible to go forward
with a plan that does not have net benefits under either
of the objectives. Obviously, the economic development
and environmental quality objectives make up the signif-
cant accounts; however, beneficial and adverse effects
on regional development and social well being will be
displayed where appropriate to give further assistance
to the decision maker." (See Reference 2).

The RD account is intended to identify ways in which a water resource
plan may "exert a significant influence on the course and direction of
regional development'" (Ref. 1, p. 76). ‘The types of effects, or '"components'
of the RD account, as stated in the Principles and Standards are: regional
income, regional employment, population distribution, diversification of the
regional economic base and environmental conditions of special concern.
Furthremore, it is stated that since there are major difficulties in esti-
mating some components of the RD account, a complete display of effects for
all components is not to be attempted unless so directed by a department

secretary or head of an independent agency.

The SWB account is intended to display the effects resulting from the
interactions between the inputs of a plan and the social and cultural setting
in which these are received and acted upon. The primary concern is the
equitybof the distribution of real income, employment and other social oppor-
tunities which result from the plan. As with the RD account, major method-
ological difficulties are acknowledged. In this case, however, more emphasis
is placed on the need for planners to explore innovative approaches to the
identification and measurement of effects. Finally, it is stated explicitly
that in cases where appraisal of the effects is relevant to the proper
evaluation of a plan, the measurement standards to be applied in the SWB

account '"must necessarily be broad and variable."
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Present Specification of the RD and SWB Accounts

Since the RD and SWB accounts are loosely defined compared to the two

objective accounts, it is important that attempts to incorporate them into

the planning and evaluation process be based on a good understanding of what

is and is not specified in the Principles and Standards. A detailed review

of each account is therefore warranted, which is discussed in Topic Group IV

(Measurement) of the Manual. However, the type of questions asked in this

review is of interest in order to understand the perspective of the present

Principles and Standards.

1.

What specific effects are to be captured within each account
component? Clear delineation of the effect is a necessary
prerequisite towards determination of the indicator appropriate
to measure the effect.

What specific indicator(s) are suggested in the Principles and
Standards to measure the effect?

What methodology is prescribed for measuring the indicator,

i.e., what steps does the planner/evaluator have to follow to
obtain the indicator value?

What type of additional comments are made to facilitate directing

the measurement process?

Although it is realized that publication of generally applicable

Principles and Standards in the Federal Register does not allow for detailed

discussion of all intricacies involved in measuring RD and SWB effects, the

following observations can be made:

There appears to be a difference in the degree of sophistication
with which each account component is approached. The most clearly
defined indicators are those in the RD account, particularly for
the income and employment components. In the SWB account the
distribution of income is most specific in terms of the measure
(real income in dollars). However, like all the SWB components,
it lacks definition of how the distribution is to be considered,
stating simply that the benefits and adverse effects accruing to
"designated persons or groups" are to be assessed.

Both accounts lack definition of what constitutes a '"'significant"

effect that should be measured in the evaluation of a plan.
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Guidelines would be desirable so that consistent choices are
made by planners. Clarification of what is important would help
insure that major effects are not ignored, and that time and
effort are not wasted in determining inconséquential effects.

. No suggestions are given for developing a display procedure,
other than stating the need to show the indicator measurements
described for each component. At best the Principles and Standards
identify where quantification is possible, and where qualitative
and descriptive material is to be the only feasible source of
information. There is no discussion at present of what type of
information is required by what interest groups or decision makers
for the various planning studies. In this regard, there is no
indication of differentiation with respect to the nature or level
of detail for assessment required for the various planning levels.

. It appears that even in a general framework such as the Principles
and Standards, more detailed or more appropriate indicators can
be developed for some of the components. For example, an accept-
able standard for regional economic stability should be within
the present state-of-the-art. Similarly, additional measurement
methodologies could be identified for different components, or

references could be made to the appropriate body of knowledge.

In conclusion, the Principles and Standards establish useful guidelines
for the assessment of RD and SWB effects, but generally do not specify the

procedures to be followed.
Implementation Problems

Where the previous section presented an account of RD and SWB assess-
ments in summary form, the purpose of this section is to formulate the
main problems that can be anticipated in using existing Principles and
Standards. It is necessary to surface such problems in order to proceed in
an orderly fashion with development of procedures for their implementation.
The following seven problem areas have been identified and are discussed

in this section.
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+ Consistency of the account system.

+ Completeness and significance of components in the RD and
SWB accounts.

+ Relationship between account components and water resource
systems.

+ Standardization of specific measurement methodologies.

. Data sufficiency.

. Display.

+ Operational constraints.

A. Consistency of the RD and SWB Accounts

The main concern in this problem area relates to the requirement for
any account system to clearly indicate what different account components
are intended to measure. Ambiguity should be minimized so as to prevent
cases where multiple interpretations of the Principles and Standards are
possible or cases where it is not clear from the outset what the measure-
ment objective entails. This is illustrated by the following examples:

(1) There is some fuzziness in the present Principles and Standards between
the role of the RD and SWB accounts and the display requirements for the
NED and EQ accounts. The Principles and Standards state, ''the distribution
of beneficial and adverse effects will be shown to whomsoever they accrue.
This will include display of the distribution of effects to regions, income
classes and interest groups relevant to the particular plan and will reflect
cost information..." (Ref. 1, p. 18). It is not clear to what extent
the display of information for the NED and EQ aécounts is to include
distribution effects, or if the RD and SWB accounts completely fulfill
that role. (2) As indiéated in the Principles and Standards to assess the
adverse effects on regional income, consideration should be given to
"Losses in output in the relevant regions resulting from resources displaced
and subsequently unemployed'" (Ref. 1, p. 77). It is not quite clear what
the scope of measuring entails in this particular case. Is the above an
"all-resource-encompassing' statement or does it address human resources

in particular?

In conclusion, it is important that the purpose of each account be
fully understood, if the selection of account components, indicators,

methodologies and display is to be useful. Resolution of inconsistencies
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necessary for the development of procedures can be achieved by further
interpretations of the accounts as they appear in the Principles and
Standards. For example, the RD account is directed towards measuring
aggregate regional effects with the emphasis on the comparison between
regions. In addition, there has to be consideration to the range of
complementary programs other than water resources required in the region
to realize the full potential of the water programs. By contrast, SWB
is directed towards the distributional issues which makes disaggregation
of impacts a necessity. It shares with RD the need to assess the role

of nonwater programs in enhancing or inhibiting water related impacts.

B. Completeness and Significance of Account Components

The main concern in this problem area is twofold: (1) to determine
whether the account components as presented in the Principles and Standards
cover the complete spectrum of effects and (2) to determine the significance
of the effects presented. In order to assess whether or not a given account
is complete, a critical survey of past studies regarding the impacts of water
resource systems with respect to the account components is needed. Examples
of such studies are found in Cox (Ref. 3), Tolley (Ref. 4), Gaffney (Ref. 5)
and Howe (Ref. 6). At present, there seems to be no strong tie between the
components presented in the Principles and Standards and actual case

histories that can be used to make this type of judgment.

An example of a potential completeness problem is found in the SWB
account, where the entire account is structured into components that represent
""'separable classes of social effects'" so as to facilitate understanding of
the effects. This may not be completely true, however, since recent studies
have shown the importance of focusing on major links between total community
well-being and water resource programs (Ref. 7 and 8). The effects that
result are aggregate in the sense that they represent a change in the overall
status of the community, and are best described as such. For example, it
was found in Reference 7 that the future success of a Model Cities Program
depended on the development of new housing. The major portion of available
land lay in a flood plain and would not be developed without flood protection.
In that example, the impact of the flood control project could not satisfac-
torily be represented by simply stating the effect on housing development.

The significant effect is the potential overall improvement of the community
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through the success of the Model Cities Program. Thus, there would appear
to be a need to recognize an additional component related to total community

impacts. This would be included under 'Other' by the local planner.

Guidelines for determining the significance of account components are
presently not in the Principles and Standards. They should be established
so that planners can focus on the essential parts of the assessment problem
and disregard the rest. The guidelines might take the form of relative
differences either among the components or with respect to regional baseline
conditions. For example, income effects might have to be a minimum per-
centage of average regional income levels before distribution effects are
significant enough to display. A start in this direction has been made
in cases where "significance" is interpreted in Federal agency guidelines
as '"'material” bearing on the decision-making process" (Ref. 9, p. A-3).
More specific definitions of significance are needed however, and should

be based on actual water resource program planning experience.

C. The Relationship Between Specific Account Components and Water

Resource Systems

One way in which planners can be assisted in selecting significant
components for evaluation is to identify relationships between account
components and the various types of water and related land resource programs.
Thus, if a planner is concerned with a regional wastewater management
program, attention can focus immediately on those account components most
likely to be affected by that type of program. The Principles and Standards
can be augmented to show significant relationships between account components
and particular programs. It is conceivable that such relationships would
have to vary by region of the country, so that for example, irrigation or
recreation projects in the Southwest United States show up as having signif-
icant impact on regional agricultural income while they might not do so in
the Northeast United States. In conclusion, by attempting to link the
effects to be assessed to the type of level of programs under consideration,
the application of the Principles and Standards requires more specific

descriptions of indicators, available methodology and display requirements.
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D. Standardization of Specific Methodologies

Since the Principles and Standards are to provide national planning
guidelines, it is essential that the recommended methodologies be generally
applicable nationally. There are two considerations in this regard. One is
that methods have to be specified to the extent that they are applicable for
a set of problems which although belonging to the same category have slightly
different characteristics. For example, economic stability analysis of navi-
gation projects in the Northeast might differ considerably from those in the
Plains States because of greatly different economic structures in each region,
however, the same basic methodology may be applied. The second consideration
is with respect to the level of detail for which methodologies should be
developed for the different type of planning studies addressed by the
Principles and Standards. For example, input-output modeling may be very
appropriate for Implementation Studies (Type C), however, the level of detail
required to conduct a meaningful regionél input-output study may be far too
much in a Framework Study (Type A). To determine which methodologies are to
be standardized, it will be necessary to assess existing analytical tools in
terms of their general applicability as well as in terms of the type of
planning studies for which they are most suitable. Such an assessment would
be similar in nature to that of Reference 10 where the requirement for general

applications of certain methods are discussed.

E. Data Sufficiency

In conjunction with the previous problem area, a clear delineation has
to be made of the account components for which data are available in a
standardized form. It is those components whose indicators can be measured
by standardized methodologies. The example given earlier of utilizing input-
output models apply here also, since it would be necessary to know if the
detailed input data and technical coefficients are generally available either
by region or nationwide before a method can be recommended. One important
consequence of data availability for the development of procedures is whether
or not the indicators can be quantitative or have to be qualitative. Dependent
on this outcome, the development effort may take a completely different

direction.
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F. Display

The display guidelines now contained in the Principles and Standards
simply indicate that the benefits and adverse effects should be shown in
whatever terms can be used to represent them. There are at present no
indications of the interest groups who will have to be shown the informa-
tion. However, in order to provide direction to the planning and decision
making process more emphasis is to be given to the form of communication.
Effective communication is selective and concentrates on major achievements
rather than on complete enumeration of all project effects. Thus, one of
the main problem areas relates to guidelines for display in the RD and SWB
accounts. An important element of these guidelines should be consideration

of how the display can be selective and can concentrate on major issues.

G. Operational Constraints

The Principles and Standards are to be implemented by a wide range of
agencies and institutions. Therefore, consideration has to be given to
developing procedures that are suitable for the capabilities of those groups
in terms of the number and skill level of their personnel, and the avail-
ability of data. The procedures selected by WRC have to be realistic in
terms of the ability of the performing agencies. Again using input-output
analysis as an example, there would be little value to recommending such a
procedure for small local planning agencies lacking (1) experience in its use,
(2) the computers needed for efficient handling of data and computations, and
(3) a comprehensive data collection. In that case surrogate procedures such
as Keynesian multipliers might be recommended for a given size and type of
planning group. A discussion of such an alternative is found by Bromley in
Reference 11. There is a need then to tailor the assessment needs to the

existing capability of agencies and institutions.
Implementation Process - Part One

The purpose of this section is to describe a process by which the
planner/evaluator can identify the '"'significant' effects of a proposed water
resource system. The discussion does not consider the techniques by which
the effects can be measured. The Measurement papers of this conference will
deal with the available measurement techniques and the need for new methods
in thé RD and SWB accounts, respectively. The basic question guiding the

development of this section is:
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. Within the scope of the present Principles and Standards what
are the effects to be assessed for the different types of

planning studies?

In answering this question it is important to note two considerations:
- At the national level WRC is concerned with improving the
Principles and Standards and developing procedures for their
implementation.
- At the regional and local level, planners have to work with
the available Principles and Standards and methods to conduct

the needed planning and evaluation.

In most cases common problems exist, such as determining what is a
"significant'" effect. In other cases, such as the application of method-
ologies, recommended procedures do not always make the application feasible.
The material needed by the planner/evalqator is a list of important ''system-
effect" combinations for which qualitative or quantitative procedures can
be identified or developed. The information required to develop such a
list consists of (1) a description of the effect capturing concerns regarding
RD and SWB and an indication of its significance, and (2) a description of
how the effect is linked to the various water and related land resource
development systems or programs. An example of a ''system-effect' combina-
tion is: regional income linked to a system of levees for flood protection.
Guidelines for the significance of this which the increased regional income
represents. In addition to linking the effects to particular development
systems or programs (flood control, water quality, etc.), the list is further
differentiated in terms of the different levels of planning studies.
Generally this will entail, for implementation studies, a larger degree of
detail in the "system-effect" combination than would be needed for frame-

work studies. The following efforts will be necessary.

A. Grouping of Effects

This provides for a logical structure that can encompass all specific
effects relevant to RD and SWB, thereby capturing the complete spectrum of
concerns which the RD and SWB should address. Since each of the accounts

has a different function, they are treated sepérately.
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1. Regional Development

As discussed previously, the intent of the RD account may be stated:
as measuring aggregate regional effects with the emphasis on the comparison
between regions and between a region and the rest of the Nation. To
capture the range of concerns related to this objective, the following
grouping is proposed to provide a comprehensive structure.

 Economic Viability. This assessment is concerned with the short-

and long-term position of the regional economy relative to other
regions or the rest of the Nation. The following compohents and
their indicators relate to particular concerns: regional income,
regional employment, and regional economic base and stability.

. Social Viability. The main thrust is to determine the competitive

advantage of the region relative to other regions as a place to
live and work. The component relevant to this group of concerns
is population distribution, including urban rural balance.

* Environmental Viability. This assessment relates to the region's

natural ability to absorb development associated with water
rescurce systems. This ability is to be contrasted with those

of other regions.

This structure is based on the premise that all issues or concerns
regarding regional development can be described be delineating their
economic, social or environmental aspect. The above grouping brings out
an important requirement imposed on the assessment process, namely, to
assess by means of indicators how a water and related land resource
development program affects the economic, social or environmental viability
of the region. Thus, indicators are not ends in themselves, rather, they
are means to an end. As a result, the choice of indicators can be judged

in terms of how well they perform this basic role.

2. Social Well-Being

As discussed earlier the prime emphasis in this account is on
measuring distributional consequences of water and related land programs
on the people in areas affected by the program. To capture all concerns
in this regard, a structure is proposed which allows for differentiation

of distributional consequences in terms of basic characteristics of
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people's life: income, opportunities, security and hazards. Thus,
concerns can be classified dependent on whether they affect:
« The income the different segments of the population receive.

. The opportunities in education, culture and recreation that

are open to segments of the population.

+ The security for life, health and safety that is provided to
different segments of the population.

+ The hazards to which different segments of the population are
exposed and their level of preparedness to respond to an

emergency.

Clearly, in the above an attempt is made to deal with social well-
being in terms of aspects that together make up a concept like ''quality of
life." Grouping concerns according to these aspects will provide a
meaningful classification, making the assessment of SWB effects easier.

As stated earlier, the emphasis is on identifying the nature of the groups
receiving benefits or adverse effects. The definition of such groups is
crucial. This might be geographical or, as discussed earlier, by community;
by nongeographic factors such as income, race or age; or by a combination.
For procedural development, guidelines are needed for selecting the break-
down for different communities. For example, in the Southwest, emphasis
might be given to the cultural impact on the Mexican Americans. In other
areas, a breakdown by income might be more important. A checklist of

common major issues should be prepared at the national level to demonstrate

what is needed,

B. Investigation of Linkages

After grouping concerns, the second major effort in the process is to
determine what effects are related to what type of water and related land
resource programs. For example, local flood protection might not have a
significant effect.on regional income, but there may be a strong tie to
enhancing the social viability of the region. Thus, in this part of the
effort the emphasis shifts to the various purposes of water and related
land resource development and to an attempt to link them to the previously
identified effects. For each type of planning study addressed by the

Principles and Standards, linkages can be classified in two groups:

-78-



+ Those that occur with all water and related land development

purposes.

+ Those that occur only with particular purposes.

This classification simplifies the problem of a planner having to identify
the important linkages for a particular study and select a methodology to
carry out the analysis. At the national level, it would be desirable to
investigate linkages for the different type of planning studies and develop
a list of "system-effect" combinations for each type of planning study.
This 1list could then be used to focus the development of required method-
ology. Figure 1 illustrates such a list, showing how each individual water

resource system has several major linkages to the RD and SWB components.

Classification of Water and
Related Land Programs Effects

Flood Contro1*———_——-_____~______~____-Eigiona1 Development
\. Economic Viability

Water Supply

. . . . . i iabili
- Domestic, industrial, commercial Social viability

+ Environmental viability

- Irrigation
Water Management Social Well-Being
- Domestic, industrial, commercial * Income
- Agricultural runoff *\\\\\' Opportunities
- Security

Recreation
- Hazards

Fish and Wildlife

Navigation

Figure 1 Example of Linkages

Although the emphasis here is on a systematic classification of major
linkages, it is realized that it may not always be possible to keep such
a clear picture of the relationships for two reasons. One is that the
significance of the linkages will vary as a function of project location,
size and relation to nonwater programs in a region. For example, flood

control may be important for strictly economic reasons in one case, but
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may include social reasons in another as in the example cited earlier. The
second reason for a complex and changing set of linkages is that the water
resource programs of concern will employ different combinations of purposes.
Depending on the combination being considered, the linkages of a particular
program may be very important in one situation but not at all important in
another. For example, if a program includes water supply and wastewater
management in one case, and water supply and flood control in another, the
importance of water supply could be very different in the two cases. This
would be true if flood control is a dominating factor in the second case,

but wastewater management was a minor concern in the first case.

-The above underscores that at the national level the investigation and
classification of linkages has to be flexible enough so as to portray
variable situations while at the same time it should serve its basic purpose,
namely, to facilitate methodology development. One of the first steps in
establishing a useful linkage descriptionAis to determine which of the
situation characteristics are to be included, such as location, size of the
project, and the types of systems considered. At the regional and local
level, the planner/evaluator has to use the available guidelines to the

extent they help focus on important effects and appropriate methodologies.
Conclusion

* The Principles and Standards leave a great deal undefined in the
RD and SWB accounts
- effects to be measured and the indicators to be used are not
specified in detail.
- methods are generally not specified, but the SWB account is
in most need of methodology development.
. Implementation of the Principles and Standards in these two
accounts would be facilitated for the planner by focusing on
the identification of system-effect combinations. With the list
as a guide, the planner can estimate the magnitude of the various
effects and determine which are '"significant" and must be included
in the full evaluation of alternative programs.
. At the national level, such a focus could be developed for a
range of study levels, and the types and setting of programs.

This would provide (1) improved guidelines for the planner in
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determining the significance of effects and in selecting available
measurement and analysis methods, and (2) direction of efforts to

improve methods.
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ECONOMIC PROJECTIONS

Henry L. DeGraff
Bureau of Economic Analysis, Department of Commerce

and
William A. Green

Economic Research Service, U.S.D.A.

The ultimate beneficiaries of resource management programs are people.
When we plan for the development and management of water and related land
resources we are planning for the use of those resources by people in their
homes, in recreational activities or in the production of goods and services.
As planning is initiated, therefore, extensive information about prospective
future economic and population conditions is necessary. Plan formulation

and evaluation are fundamentally a projective process.

The Principles and Standards for water and related land planning
specify that ''plan formulation and evaluation shall be based upon national
and regional projections of employment, output and population and the
amount of goods and services likely to be demanded.' The standards go on
to specify the OBERS Projections as a base for the Council's current views
as to probable rates of growth in populations, GNP, employment, productivity

and other factors.

Our objective therefore is to discuss the use of the OBERS projections
in Multiobjective Planning to meet the needs for water and related land

in the multiplicity of uses made of them by our society.

To accomplish this objective, it is necessary to discuss the OBERS
projections program, and to relate the projections to multiobjective
evaluation and accounting. The material that we will be sharing with you
is related specifically to the role and use of projections in generating
estimates for the NED and RD accounts. But, economic projections are also
required for both the environmental and social well-being accounts, and
we note with approval that one section of this program is concerned with

environmental projections. Land use data systems and projections generated
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by the OBERS program constitute a partial interface between the OBERS
projections of economic activity and efforts to project environmental

conditions.
The OBERS Projections Program

As a prelude to our discussion of projection issues, we offer a brief
overview of the OBERS projections, primarily for those who lack extensive
experience with the OBERS program and reports. We acknowledge, of course,
that a great many water planners and analysts have an understanding of the
OBERS program and a keen awareness of the problems of using the OBERS

reports in multiobjective planning.

Scope

The OBERS program is made up of three elements. The first is a regional
information system which consists of a historical data base covering the
Nation and including income, employment,.agricultural and forestry
production, and population. Uniform economic measures were developed for
each metropolitan area and county of the United States. Uniform data
sources and methods of estimation were employed in constructing the area
measures. The data base, then, is consistent from area to area and over
time. Because of its county building blocks, the data can be assembled in

almost any geographic configuration required.

The second element of the program is the projections. These are a
nationally consistent system of economic and demographic information
relevant to future program decisions. National consistency and systematic
information generation are characteristics to be stressed. The projection

system retains the same elements of consistency as the data base.

The OBERS projections are derived by economic rather than demographic
methods. The historical data series measures the activity in each of the
several industry groups and portrays the growth trends in the industry's
regional contribution to national totals. The aggregate economic growth
of each region is determined by the mix of basic industries in the region
and their potential for growth. Population is regarded as a function of

income and employment. Patterns of interregional migration reflected in the
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projections, therefore, are determined by the employment opportunities
rather than by the continuation of the migration rates of some historical

period.

The third element of the OBERS program is special analytical systems
designed to evaluate the economic impact of water resources and other
public investment programs. Much developmental work remains to be done on
this element of the program to arrive at the complete interregional system.

However, progress is being made and one partial model is already in operation.

The three elements of the program are closely interrelated. The
projections stem from the data base and form the baseline framework for the

impact evaluation.

The OBERS Reports
There are now two sets of projections entitled the 1972 OBERS Pro-

jections. The first--the five-volume set with the blue and white covers
--was published in the fall of 1972. The second--a seven-volume set with
red and white covers--will be distributed in October. The main difference
between these two sets of projections is the assumption about national

birth rates. 1In the first set the total fertility rate was assumed to be
2,777 births per 1,000 women. In the second, it was assumed to be 2,111

per 1,000 women. The latter rate will eventually yield a zero population
growth. The two assumptions are respectively related to the Census Bureau's

"C" and "E" series of national population projections.

At the time the decision was made to use the '"C" series as the basis
for the first set of projections, it seemed most realistic to the majority
of population experts. However, for the past several years the birth rate

has been at the zero population growth level.

There are other differences between the two sets of OBERS projections.
The use of more recent data made it possible to eliminate some of the
disruptive effects of the Vietnam conflict. Changes in the national
assumption about productivity and hours worked per man per year are in
line with more recent research. Minor changes in methodology were made to

improve the population projections.
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It is expected that in the near future the WRC will adopt the series

"E'" projections as the baseline.

Industrial and Geographic Detail

The industrial and geographic detail of the OBERS projections have

a great significance in their use,

It frequently appears that, within each area, population is the only
dimension of the projections of which the potential users are aware. And
yet the industrial detail, which is necessary in making the projections, is
also needed by water resources planners and analysts. Water use -- both
withdrawal and consumptive -- and land use vary widely among industries.
When the projections are used as the framework for project and program
impact analysis, the industrial detail is essential. Many users would
like more detail than is shown in the OBERS report. Efforts are underway
to generate greater detail in the future. This will include the age and

income distribution of the population as well as more industrial detail.

The "E'" series report will include data for the 173 BEA economic
area, the water resources regions and subareas, the States, 253 SMSA's,
and the non-SMSA portions of the economic areas and water subareas. Data
have already been distributed for the aggregated subareas of the National

Assessment.

Further disaggregations of the projected data can be made under
special circumstances where a local sponsor can arrange for review of the
data by persons knowledgeable of conditions pertaining to the local area's

economic activity.

Uncertainty

A major problem in using any projections for decision-making arises
from elements of uncertainty. Even in the ten;year life of the OBERS
program, substantial changes have been introduced as new developments and

events have been reflected in the OBERS data base.

Differing orders of reliability characterize the various elements of
the projections. These differences are caused by variations in the length

of the projection period, the size of the aggregate being projected,
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potentials for product substitution, and many other factors. Levels of
reliability for the projections cannot be stated in statisical terms.

They can only be evaluated qualitatively with the results interpreted in
light of the uses to which the projections will be put. A general under-
standing on the part of the user of the degree of reliability associated
with any projections should help avoid misinterpretation and inappropriate

use.

Potential errors in the planning process growing out of errors in the
projections cannot be eliminated, but their effect can be reduced by using
sensitivity analysis, maintaining flexibility in the development plan in
order to accommodate revised projections at future dates, and updating the

projections at periodic intervals.

The Baseline Concept

The explicit assumptions and the methodology of the OBERS programs
have been described in numerous meetings and in Volume 1 of the OBERS
reports and should be familiar to most of you by now. In using the pro-
jections in multi-objective planning, an understanding of the baseline

concept is necessary.

The OBERS projection program was inaugurated in connection with the
Type 1 Framework Studies. Economic impact and benefit-cost analysis were
not required in those studies. ''Needs for development' were derived from
the OBERS projections. The objective, in general terms, was to satisfy
requirements at minumum cost -- or at least effectively. This same approach
was followed in the first national assessment and in the Type II studies,
although in the latter case benefit-cost evaluations were made for ''early
action" program elements. But even in these cases, the relationships
between the OBERS projections and the required benefit-cost ratios were

not explicit.

The '"baseline concept'" was articulated and advanced as an alternative
to the requirements approach. The basic intent of the baseline is that
the OBERS projections be utilized as an economic framework and as reference
points for economic impact and benefit-cost evaluations. The Principles

and Standards provide a convenient accounting systém for these evaluations.
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Two characteristics of the OBERS projections facilitate their use
as the baseline. First, they represent 'best estimates' of the future
in the absence of unusual or unforeseen changes in the policies, programs
and economic forces that shape the changes in economic activity. The
fact that they are best estimates simplifies the measurement problems in
the evaluation by bringing the starting point close to reality. Second,
because the projections are based on trends established by supply and
demand forces of the '"'market place," and because they are nationally
consistent and balanced, they are considered to represent an economy
approaching equilibrium condition. This approximate equilibrium condition
is important in establishing an integrated interregional impact evaluation

system.

The baseline projections, then, are a starting point in planning and

a framework for evaluation.

The Continuing OBERS Program

Before beginning our consideration of the use of the OBERS projections,

a brief word about the ongoing developmental work will be of interest.

Work is continuing on the economic impact evaluation system. This
system uses the projections as the baseline and seeks to measure the
interregional generation and displacement effects of projects and programs.
Funding in BEA is in prospect to start work on multi-regional input-output,
including the interregional trade flows, which will facilitate the comple-
tion of this system. Usable results will be obtained only after several
years of work. 1In the meantime we have made operational a regional impact
multiplier system which provides industry-specific input-output multipliers
for any county or group of counties. This model will be discussed during
the regional measurement session on Wednesday. In addition, we have made
progress in developing a primary effects model for industries which are

sensitive to access to markets and to sources of supply.

Another project of interest is underway. ERS, in conjunction with
Iowa State University, is developing a linear programming model that will
generate national-interregional agricultural projections and test the

sensitivity of regional production patterns in response to changes in
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water and land availability, per capita consumption, exports, and other

variables.

Other work is underway to strengthen the data base for more analytical
application of the agricultural projections system. Improved production

cost and land productivity data are prime examples.

Looking to the future, a continuing OBERS program is being developed
by a special WRC Work Group. The program being formulated will be respon-
sive to the needs arising from the adoption of the Principles and Standards.
Continuing efforts will be expended in designing projection systems which
will permit the testing of alternative assumptions in regard to such
factors as energy supplies and prices, and environmental constraints.

We expect future OBERS program developments to generate a framework of
information and a system of analysis that will make possible the resolu-

tion of issues that cannot be resolved at this time.
Use of Economic Projections in Evaluation

Economic and demographic projections, as outlined in the OBERS
reports, serve three general purposes in water and related land resources:
planning. First, they serve as a primary basis for projecting future
demands for water and related land. Second, they may be used as indicators
of the nature and magnitude of emerging economic problems in an area.
Third, they provide a useful structure of future economic relationships
for evaluation purposes. When used in the evaluation process, the OBERS
projections serve as reference points from which program induced effects

are approximated.

General Viewpoints and Concepts

A long-standing and widely accepted construct of benefit-cost and
economic impact analysis, which is incorporated in the Principles and
Standards, is thé "With'" - "Without" principle where benefits are defined
as the difference between two situations or scenarios -- "With" and
"Without" the development being studies -- at common points in time.
Quantification of the "With" -'"Without" situations, however, has proven
to be an elusive goal of benefit-cost practitioners for many years. The

OBERS projections may provide a more suitable basis for '"With'" -"Without"
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analysis than has been available heretofore. Or, with the OBERS projec-
tions, it may be possible to generate valid estimates of the difference
without establishing the precise magnitude of either. However, at the
regional level, categorical statements cannot be made as to whether the
OBERS projections represent a "With'" or '"Without' condition. The OBERS
projections, as previously noted, are based on extensions of historical
trends without explicit consideration of usable water supplies. They
incorporate the implicit assumption that the necessary supply of water and
related land resources can be developed without changing the relative
regional marginal costs of production. Hence, the "With" - "Without"
question must be pursued through additional analysis to ascertain the
economic growth shown in the OBERS projection. In more specific terms,
special analyses are required to ascertain the extent to which the pro-
jected levels of economic development can be realized in the absence of

further water resource development.

The procedure for determining the "With" - '"Without' nature of the
projections consists of converting the projections to requirement quan-
tities of water and related land resources and then comparing the sum of

the various quantities with the developed supplies for the area.

The first iteration at this transformation would most probably use
current local area water use coefficients for the various categories. In
later iterations it may be in order to estimate economic demand schedules
for water based on an analysis of the economics of its use as influenced

by changing technology and shifting values in various uses.

If the projected requirements exceed developed supplies (the "With"
condition), supply augmentation would be investigated. If requirements
do not exceed supplies (the 'Without'" condition), two options may be con-
sidered. First, if the projected baseline economy meets the objectives
of the people of the area in question, further development would be un-
necessary. However, even though the initial analysis shows that the
projected supplies of water and related land are adequate to sustain the
projections, consideration may be given to further development where
production efficiencies may be gained or where accelerating regional eco-

nomic development is desired and may be enhanced by water development.
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When the projections represent a '"With' condition, an early step in
the evaluation process must be a determination of the "Without" development
situation for each purpose. The Principles and Standards require that
beneficial and adverse effects of a proposed plan be measured by comparing
the estimated conditions with the plan with the conditions expected with-
out the plan. The Standards state that:

"Since economic, social, and environmental conditions

are dynamic, changes will occur without the plan in a
variety of factors, including regional economic activity,
rates of unemployment or underemployment, and environ-
mental conditions. Consequently, only new or additional
beneficial and adverse effects resulting from the proposed
plan should be attributed to it."

Even though the projections represent a '"With' development condition,
the expected situation for some purposes without the development under
consideration will not differ from the situation portrayed in the OBERS
projections. This will occur in areas and for purposes for which the

private sector or local government will undertake the development in the

absence of the Federal project being considered.

A series of charts will illustrate the "With" versus the "Without"
situation in different circumstances and will also show the relationship
between the OBERS projections and the origin of the benefits arising

from changes in employment or income.

Figure 1 illustrates a situation where the economic activity will be
the same with and without the project and the OBERS Projections accurately
represent that activity. In this case there would be no NED or RD benefits
from an induced change in economic activity. Benefit estimates for either
the NED or RD accounts would be based on economic changes or adjustments
not directly related to the OBERS' projected measures of economic activity;
i.e., the benefits from resource development would arise from internal
improvements in efficiency, from reduction in damages from water surpluses
or shortages, from beneficial shifts in patterns of consumption, or from
locational shifts within a community or region. Most M § I water supply,
water-based recreation, urban flood control, and many navigation projects,
for example, fall in this category. This estimation of this type of

benefit also applies under circumstances described in Figures 2, 3, 4 and 5.
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Figure 2 illustrates a case where the economic activity 'Without' the
project would be restricted to a lower level than portrayed in the OBERS
Projections. In this case, most NED benefits arise from the difference
in economic activity between the "With" and '"Without' condition. But, as
the chart indicates, the difference between the "With' and "Without"
situation is only a partial basis for determining NED benefits. An inter-
regional analysis of marginal costs would indicate the efficiency gains
to be included in the NED account and would determine the offsetting effects

in other affected regions.

Figure 3 illustrates a case where the OBERS Projections represent the
"Without" situation but where it has been determined through an inter-
regional marginal cost analysis that the most efficient level of production
in th¢ project area with development would exceed the OBERS Projections.
Part of this increase in production would be cancelled out by displacements

in other areas.

Figure 4 represents a variation of this same situation. In this case,
the OBERS Projections represent a '"With' condition which is less than the
level of most efficient production. Again there will be interregional
transfers of production which will partially offset the gains in the

project area.

Figure 5 illustrates a case where the OBERS Projections are a "With"
situation, but only part of the increase in economic activity can be
efficiently met by the development. This will results in increased

production in other areas with no project benefits.

The OBERS Projections have frequently been assumed to be the maxi-
mized NED level of development. Figures 3, 4 and 5 illustrate why this
is not so. When a development is justified in terms of national economic
development, it should be scaled to maximize the benefits whether the
level of economic activity equals, exceeds, or falls short of the OBERS

Projections.

The interregional analysis is illustrated in Figure 6, which shows
the supply curves for individual regions and national supply and demand
curves. As the supply curve in region 1 is driven downward to the right

by a project or program, the national supply curve is also shifted
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downward to the right and a new price is established, representing a shift
in marginal unit costs. In response, each region shifts its production to
the point where the new price intersects the regional supply curve. Time

is of course required before equilibrium is re-established.

National income changes of two types (NED benefits) arise from the
induced shift in marginal costs and prices. First, a direct increase in
national output results. Second, the "without" level of output is
achieved at a lower level of input use. Resources released by this process
are available for other use, thereby creating an indirect source of
national income gain. The treatment of these induced changes in the

M.0.P. accounting system are discussed later.

The regional incidence of the changes in output and the use of eco-

nomic resources is also illustrated in the chart.

A Case Illustration

The use of projections in evaluation may be illustrated by a hypo-
thetical case where the projected economic growth is constrained by the
availability of usablz water supplies. In other words where the "With"

and "Without" conditions are different.

In the assumed case, typical of many river basin areas in the Great
Plains and Western regions, water is used for a variety of commercial
purposes, with use for agricultural production commonly dominant. In the
various uses the per unit contribution of water to economic development
varies widely. The distribution of limited supplies among competing uses
is determined in part by economic forces, and in part by physical and
institutional barriers to beneficial shifts in water uses. Key questions
are: (1) If water supply is not modified, what is the likely response
of basic water-using industries in terms of input use and resultant
output? (2) What are the indirect consequences of these basic industry
changes to supporting input industries, to the processing and transporta-
tion sectors, to the residentiary industries, and to the demand for
capital improvements and services provided by local government? (3) What
are the induced effects in competing areas? The desired evaluation for

the study area, shown in aggregate terms, is depicted in Figure 2.
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The use of projections in this case involves an estimation of the
patterns of water use with the OBERS projections of economic activity and
an assessment of usable surface and ground water supplies. The suggested
procedure rests heavily on professional judgment in estimating how water
supplies will be allocated among competing uses under conditions of

aggregate shortage.

The procedure is illustrated in Exhibit I. This table provides for
two levels of economic development and associated patterns of water use:
(1) A baseline condition, i.e., the OBERS projections without water
supply constraints; and (2) a '"Without" condition in which water use is
in balance with usable supply. If, for a given projection year, usable
supply is equal to or in excess of aggregate use: there would be no

difference between the two parts of the table.

Key points in the suggested analysis are: (1) The estimates of the
modifications in per unit water requirements, if any; and (2) the distri-
bution or reallocation of restricted supplies among competing sector or
subsector uses to bring projected total use into balance with total
usable supply. A logical basis for the allocation is the estimated mar-
ginal values of water among competing uses, subject to the provisions of
existing compacts and other legal barriers to beneficial adjustments in

water use.

Exhibit 2 is a summary table showing the level of output by sectors
for three water supply cbnditions, the '"Without' condition and the base-
line condition, both of which are derived from Exhibit I, and a condition
with assumed supplies of water greater than for either of the other two as
depicted in Figure 8. The third condition is highly conjectural in that
it implies a competitive advantage for the area being studied over that
depicted in the OBERS projection. It is included in the illustration in
recognition of agricultural land constraints reflected in the OBERS
agricultural projection, which could be relaxed with additional irrigation

development. The illustration may also apply to energy supply developments.

Exhibit 2, it should be noted, provides for estimates of employment
and total population associated with the different levels of economic

activity.
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How may the values derived from this analysis be used in the ac-
counting system provided by the Principles and Standards? Concerning
the NED account, it should be noted that the distribution of production
among regions is different for each of the three conditions depicted in
Exhibit 2. With the higher levels of usable water supplies, production
resources otherwise employed in competing areas are shifted to the study
area. The higher levels of production are counterbalanced, in whole or
in part, by compensating adjustments in other areas.l/ The "Principles
and Standards" as we interpret them leave some latitude as to how these
shifts in production and the shifts in the location of resource use are

to be entered into the M.0.P. accounting system.

One possibility is to show the negative effect in competing regions
as an external diseconomy. Increased economic activity in the related
sectors of the economy in the project region, and counterbalancing effects
of a similar nature in competing regions, would be accounted for in the
same manner. To determine a change in national income, an estimate of

efficiency gains and/or other net locational advantages is required.

A second possibility is to account for the higher level of input use
in the benefited areas as "associated costs," either as a deduction from
the gross value of output or as a cost entry in the NED account.2/ In
the event that the transfer of production resources (input use) is
treated as 'associated costs," a full accounting of associated public
investments by State and local governments as well as private investments

is required.

The two options outlined above will yield conflicting and faulty
results, unless market prices used in the valuation of output are con-
sistent with the cost or supply schedules used in estimating "'associated

costs."

1/ Changes in aggregate output, as well as the extent of locational
shifts, are determined in theory by elasticity of demand and the magni-
tude of the shift in the aggregate supply function.

2/ With this alternative, ”aSSOC1ated costs’ and project or program
costs are treated in the same manner.

4
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Other Applications

In other planning situations, interregional shifts in production may
be deemed unlikely or of minor importance. Nonetheless, economic pro-
jections play an important role in multiobjective evaluation, as the
evaluation process is fundamentally a projective process. The following

discussion outlines the use of projections in evaluation.

Flood Control Projects and Programs. The questions to be resolved in

the evaluation of flood protection measures are: (1) The extent of indus-
trial, commercial and residential growth in flood prone areas without
flood control improvements; (2) acceleration of such future growth with
flood control improvements under consideration; (3) the net locational
advantages of the accelerated growth in the flood prone areas. These
problems of projective measurement are in addition to conventional flood
damage evaluation. Projections of growth in flood prone areas constitute
a complex problem in which land use patterns play a major role. In making
flood plain projections, the OBERS projections may serve only as an
indicator of future growth in the overall area in which the flood plain
lies. Except for agricultural and a few cases where the supply of suitable
land for industrial developméht is severely limited, the impact on other

regions may reasonably be disregarded.

Municipal and Industrial Water Supply Projects. The major variables

in the evaluation of the ''meeds for' and benefits from M § T water supply
projects are population, industrial and commercial activity, efficiency of

water use coefficients, and the usability of return flows.

The geographic specificity of stream flows and points of withdrawal
(existing and potential) is such as to impose rather exacting requirements
for geographic detail regarding population and economic activity. The
OBERS projections for SMSA's in the series "E" reports will go far toward

meeting this need.

Water Based Recreation. Key variables in demand equations for recrea-

tional resources and opportunities are population and per capita income.
These are provided by the OBERS reports. However, greater geographic detail

may be required. Use of streams, water surfaces, and associative facilities
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are clearly related to their location in relation to resources and facil-
ities and in relation to geographic distribution of population. Benefit
estimates are directly related to patterns of recreational use. But they
are also related to associated travel time and expenditures. To the
extent that increased usage is counterbalanced by reductions in usz in
competing facilities, estimates of such reduction are accounted for in

both the NED and RD accounts as external diseconomies.

The foregoing discussion does not exhaust the use of projections in
multi-objective evaluations. Neither does it portray in full the problems
and difficulties involved. Comprehensive treatment of the subject matter
would cover harbor development, inland navigation, water quality, fish and
wildlife, and such special problems as flood plain zoning and land acqui-
sition. And each community and region offers special problems unique unto

itself.

The Need for Alternative Projections and Sensitivity Analysis

Some of the uses made of the OBERS projections require the develop-
ment of alternative or adjusted projections if the planning process is to
be fully effective. As indicated earlier, there is a degree of uncertainty
in any projection. To compensate for this uncertainty, the planner needs
to know how much a change in each projected variable will affect the

specification of his plans.

Sensitivity analysis will enable the planner to determine which
projected items cause significant changes in his plan and permit him to
compensate for them. It may be accomplished by varying the level of the
projected data to determine the magnitude of the effect in the projected
use. The compensation may take cne of two forms. First, it may be
possible to devote more time "and effort to refining the projected items
to which the plan is particularly sensitive and thereby eliminate some of
the uncertainty, or secondly, if that is not possible, he may be able to
build into his plan a degree of flexibility which will permit it to

accomodate different levels of future activity.

In addition to their use in making sensitivity tests, alternative

projections are needed if an economic remedial or developmental program is
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to be instituted. In such cases, a comparison of the new projections with
the baseline projections will provide a measure of the effects of the

program.

It was indicated earlier in this presentation that the OBERS pro-
jections need to be augmented by more small area detail for some uses.
There is considerable uncertainty in small area projection. Sensitivity
analysis and flexibility in the plan are necessary if the plan is to be

based on such small area data.
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Summary and Conclusion

This discussion has not given a full account of all the potential
uses of the projections or the problems involved in their use in multi-

objective planning. However, certain summary statements can be made:

1. As an integrated and consistent set of national énd
regional economic and demographic information, the OBERS
projections provide a unifying framework for multiobjec-
tive planning evaluation.

2. By means of other information systems, the projections
are converted into future demands for various goods and
services associated with water and related land resources.
In this process, some augmentation of the OBERS projections
may be necessary.

3. A comparison of the projected demand of water related
goods and services with the supply of these goods and
services indicate whether or not additional supplies
need to be developed if the projections are to materialize.

4. The Principles and Standards require that beneficial and
adverse effects of a proposed plan be measured by comparing
the estimated conditions with the plan, with conditions
expected without the plan. Therefore, it is necessary
where the projections imply development to determine what
the "Without" condition will be.

5. 1If the "Without" condition differs from the projections,
the equivalent of an analysis of regional costs of produc-
tion is necessary to determine whether or not significant
interregional shifts in economic activity are involved.

The evaluations required by the M.0.P. accounting system
require analytical systems as well as the projections per
se. Many of the analytical problems are unresolved.

6. In a majority of cases the projected economic activity with
and without the study plan will be the same, thus eliminating

the need for the interregional analysis.
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Because of the uncertainty associated with the projections,
sensitivity analysis should be employed to determine when '
flexibility should be maintained in the plan to accommodate

alternative futures.
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ENVIRONMENTAL PROJECTIONS AND CARRYING CAPACITY MODELS

A. Bruce Bishop
Associate Professor of Civil § Environmental Engineering

Utah State University

Environmental Projections and the
Principles and Standards

The inception of water projects has generally proceeded from a
recognition of present problems and projections of future water needs for
such uses as municipal and industrial supplies, irrigation of lands to
expand agricultural production to meet growing demands for farm products,
and development of hydropower potential to meet rising energy demands.
Multipurpose plans were then formulated to meet the predicted growth

levels in economic activity and population for the area.

However, environmental and quality-of-life concerns have injected an
additional set of needs and problems into water resources plan formulation,
and have shifted the planning focus from multipurpose to multiobjective
considerations. The Principles and Standards recognition of environmental
quality objectives as appropriate planning components introduces the need
to produce environmental projections, as a parallel to economic projections,
as a basis for plan formulation and evaluation. The purpose of this
discussion is to examine the role and application of environmental projec-
tions in water resources planning as prescribed by the Principles and
Standards, to provide overview of ongoing work related to the development
of environmental projections, and to present a framework for producing
such projections.

The Environmental Quality Objective
and Environmental Projections

The complementary role of economic and environmental projections in
the water resources planning process is portrayed by the following state-

ment from the Principles and Standards (Water Resources Council, 1973):
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The identification of the specified components of
objectives will necessarily involve an appraisal of future
economic and environmental conditions expected without the
plan as compared with those desired by pecple for the plan-
ning area. In addition, a sufficient inventory and appraisal
of the water and land resource base of the planning area
will be necessary. (p. 14)

An appraisal of future environmental conditions in the absence of water and
land resource plans implicitly requires the making of some kinds of environ-
mental projections. Furthermore, the above statement infers that environ-
mental projections should be responsive to four general areas of concern:

1. Where will we likely go from here? What are the probable
environmental future(s) under "without" plan conditions?

2. Where do we desire to go from here? What are the goals and
normative requirements for plans?

3. Where is it possible to go from here? What are the envircnmental
futures obtainable through the implementation of water resources
plans (the with conditions)?

4. Where do we expect to go from here? What is feasible in terms
of the most acceptable path given both what is possible and the

targets or goals we desire to achieve?

The processes that affect the overall quality of the environment are
economic and social for the human environment and evolutionary for the
natural (physical and biological) environment. The Principles and
Standards recognize that in order to improve the '"'quality of life"
relative to both natural and human environments, the pattern and levei of
production and consumption activities must be compatible with capabilities
of the natural environment, as well as with social preferences. Recognizing
that society is a composite of a wide range of values and expectations,
clearly conflicts will exist between consumption associated with desired
life styles and feelings for the future conditions of the natural environ-
ment. To reconcile the attitudes and expectations for the human environ-
ment and the quality and stability of the natural environment, the planning
© process must take cognizance of both economic and'environmental projections

in order to develop plans that will properly baiance the two.
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Environmental Projections in the Water
Resources Planning Process

In the context of the planning process presented in the Principles
and Standards, environmental projections have three important uses. How

these fit within the planning process is depicted in Figure 1.

Identification of components of the EQ objective. Environmental projections

provide the insight needed for expressions of problems and needs under the
environmental quality objective. As the Principles and Standards point out,
the desired achievements of specific environmental quality conditions are

in essence the 'specific components of objectives'" (p. 94) and refer to

the '"type, quantity and quality of desired beneficial effects.” For example,
components of the EQ objective may be expressed in such terms as miles of
scenic river of specified characteristics, acres of ecological areas of
specified water quality standards. These examples suggest that components
for the EQ objective may be identified by examining projections against'

the following two criteria:

1. Standards and goals for EQ expressed by federal and state
legislative enactment or executive policies as contrasted with
present and likely future conditions.

2. Components of objectives for achievement of specific environ-

mental conditions from the standpoint of public preferences.

Resource capabilities and plan formulation for the EQ objective. The

formulation of alternative plans is basically a process of balancing the
problems and needs expressed as components in the EQ objective with the
capability of the resources to meet such demands. The analysis of
environmental conditions "without'" any planned action will ''reveal the
extent and magnitude of unsatisfied component needs and indicate the
requirement for some specific plan of action to assure their satisfaction."
(p- 98) The analysis of resource capabilities against projected problems
and desired conditions, then, essentially answers the question of what
resources can or cannot be employed by the plan. "To the extent that

the water and land resources without any planned action are unable to

meet current and projected needs or to the extent that resource management
enables the needs to be met more efficiently there is an evident justifi-

cation for formulating alternative plans.'" Further, this analysis leads
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Figure 1. Environmental projections in the water resources planning process.
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directly to the determination and specification of elements to be incor-
porated within the plan itself. Resources for which there exists manage-
ment and development opportunities are clearly areas for inclusion in
plan formulation. These might include, for example, such resources as
reservoir storage sites, scenic streams, related land uses, fish and
wildlife, and cultural and archaeological areas. 'By proper selection of
these development possibilities, plans may be formulated to meet the needs

for each component of the objectives." (p. 99)

Analysis and evaluation of alternative plans. Environmental projections

also carry through the planning process in providing the basis for analysis
and evaluation of alternative plans. As noted in the Principles and
Standards:

Existing envirommental conditions will be described and
presented in terms that best.characterize the planning per-
ceptions and ecology of the affected area as conditions would
exist without any plan. Similar descriptions will be prepared
for the time sequence of the conditions to be expected with
and without the plan throughout the period of analysis. The
conditions before planning is initiated will provide the data
from which to evaluate environmental effects or prediction of
change - under alternative proposals including the consequences
of failure to adopt a plan for development and use of resources
in the area under study. (pp. 60-61)

Examples of areas of environmental effects which must be predicted with
respect to alternative plans are changes in natural scenic areas (open
space, wild and scenic rivers, lakes, beaches, shores, wilderness areas and
estuaries), in unique natural and cultural resources (archaeological,
historical, biological, and geological resources and ecological systems),
and in quality of water, land and air. The description of possible futures
given by projections also enters importantly in the analysis by providing
a perspective of the effects of immediate irreversible or irretrievable
commitments of resources versus the preservation of future options.
Environmental Projections: Present Work
and Future Direction

In dealing with the role of environmental projections in water

resources planning, the discussion thus far has not considered the

question of whether the needed projections could be produced and made
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available. In fact, the art and science of environmental projections in

contrast to economic projections are still in early stages of development.

Indices for Measurement and Projection
of Environmental Conditions

One of the keys to progress in the area of environmental projections
is a meaningful system of reporting environmental status and trends. The
Council on Environmental Quality (1972) noted in the lead chapter of their
1972 report that '"one of the most effective ways to communicate information
on environmental trends to policymakers and the general public is with
indices." An index is described simply as a quantitative measure which
aggregates and summarizes the available data on a particular problem. As
such an index has three general characteristics: It is quantitative, it
is a summary of relevant data, and it relates to some particular purpose
or problem. Hence, it is likely to be a composite of a number of specific
indicators of a type of problem, such as BOD , TDS, DO and temperature in

water quality.

Whereas socio-economic indices, such as population, economic production
(GNP), consumer price index, wholesale price index and unemployment rates
provide useful indication of economic trends and a basis for forecasts,
environmental indices must likewise be developed to illustrate major trends
and point up significant environmental conditions. As the Council on
Environmental Quality (1972) pointed out:

The development of environmental indices has been

slow. Many useful environmental data, therefore, lie in

bulky volumes or on computer tapes and are used only rarely.

The Council, working closely with other Federal agencies,

is attempting to develop meaningful indices to remedy this

situation.
To remedy this problem Council has undertaken research, jointly funded by
the Department of Commerce and the Geological Survey, through a newly
formed committee of the National Science Foundation. San Diego County
(Bonner, no date) has also been developing a set of environmental indices
as part of an integrated regional environmental management program. A
sample of those related to water resources planning is shown in Table 1.
Some states, such as North Carolina (Paul, 1972), have been pursuing a

similar course. Indices for a number of particular areas, such as air
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Table i. Examples of San Diego County Environmsntal Quaiity Indices.

Qualiey Definition of Proposed Quality Method of '
ta to Daca
Index Categories Category Indicators Bxpressing Quality Be Collected Source(a)
WILD LIFE AND This includes wildlife & Acres of wild 1life ﬁhi- Total
its habitat, which is not tat - scres o ‘: neres ::::'i (;a-om',t of
psrt of developed park & ratio No. of species and
land cstegory. Ecologi- of popuistion of each
cally valusble niches are .No. & totsl population wild
slso included in this of each species of: 1ife .
¢ategory even though they .Game § non-game snimalsy to Game b1 nd Calif. Depe of
say be part of the "open birds, fish, lizards, : acres, m.:‘::‘: m;::::l’ Fish & Game
spece” indicator in the snakes § other creaturos sesson
1snd use category. .Plora, nusber of species species - IREM Inventory
§ sbundance of each of Natural
.Acres of especially % chango Rasources
valusble habitst-- . IREN Inventory
wetlend and other Acres, and \ of total, of Natural
.Threatened species of and Sftes lost Resources
the Tegion Calif. Dept of
Statesant of present Status of troubled Fish § Gaae
status wild 1ife
MATURAL RESQURCE Rats of use of renewable .Nater table dopth . «No. o.! wonths of Depth of
DEPLETION and non-renewable Teserve water in ground water
urnu of the region the ground
§ impact on local sconomy .Prime agricultural .% of totsl lost this Acres lost Count
.o
of the unavailability of land - esr to developaen : i
imported resources. 4 * . Agriculmure
-] .Historical & archaso- .No. threatened by No. of sites vs. IREM Invento
logical sites development nunber threatened of Natural v
Unique land forms : Resources
Minersls - principsily % used this year Amount of material Locul
construction materials L] for.___ yesrs used by yesr for matorials
. Supply remaining last 10 years suppliers
.18ported water .% of total require- .Acre feet of water .Water Depts.
ment that is imported imported vs. a.f. used
Natural Gas .lupact of substituting | .Ratio of liquid to gas { .Utiliey
Iiquid fuel for gas fuel used Companies
.Others to be developed
WATER 1) Presh Surface Water .Dissolved Oxygen (DO) Acceptable for each Level of each 1) Private
.Lskes & Reservoirs .Total Coliform y intendad use--e.g., indicator in eack water companies
«Recycled Nater Nitrate accepted for: type of water Irrigation
.Phosphate .Drinking or P.W.S. Dist. § Muni-
+Temperature . «Shellfish & Swisming cipsl water
.Total Dissolved Solids Swimming depts, Control-
.Toxic Substances <Non-Contact Sport 1ling Lakes &
2) Growud Water pH . .Nxter Fowl - Reservoirs
+Turbidity or Trans- JAgriculture
parsncy. +Navigation 2) State Dept.
-3) Lagoons & Osys of lltarp
Resources
4) Off-Shore Coastal Waters
3) RWQCB
4) State Dapt.
of Naviga-
tion
LAND USE or Intended to measure rate JMUrben green" or open Total acres and § Acres added or lost Regional Ping

LAND USE SHIFT

Acres converted
to higher intensity
use or converted from
“open space” status
to “developed" status
e.g., covered-over
land.

at which land is being
converted from low inten~
sity use; the rate at which
“open space" is being used
up, intrusions on ecolog~
ically sensitive or
valuable land, and provide
s measure of "urban sprawl™

space in urbanized
sreas
.Iatrusions into eco-
logically sensitive
areas; €.§.

.Wet lands

.Flood plains

.Agricul. land
.Land use shift

Premature development

JHev atrip develop-

»ent
.Changes in Housing
Density .

‘urbanized ares

Total size and §

of acreage intruded
upon: eco-sensitive
wet land, flood plain
or other

No. of acres of % of
*open spacs' used

per year

No. of acres developed
in subregion or trsffic
zone, not in accord
with genersl plan
Along side of arterisl
roads

Dwelliing units/acre

‘class

each year

Acres intruded upon
eoach year, by land
class

Acres intruded upon
each year, by land
class

Acres intruded upon
each year, by land

Acres intruded upon
each year,

Changes in iatensity
of land use

Dats Base

Regional
Planning
Dats Base

County Agri,
Dept. Regional
Planning Dsta
Base

Regional
Planning

Data Base

Regional
Planning
Data Base

RECREATIONAL
TESOORCES

{The Mitre Corp.,
under contract to
CEQ, is producing
an index of this
type that will
perait comparison
of San Diego with
10 other urban
areas.)

Regional Planning
. has established &
gosl of 15 acres
of park lsnd per
1000 pop., which
would be factored
into the expres-

. slon of quality.

All developed park lund
and mccessible water
ares, including lakes,
bays, ocesn beaches
within S0 miles of the
population centroid of
the region, with a
weighting spplied to
compensate for the dis-
tance from the popula-
tion center to esch park.
Standards proposed for
park land are same as
those to be proposed by
President’s Council for
Environmental Quality
(CEQ).

Doveloped park land

Within urban perimeter
Mithin 25 miles of
urban perimeter
.Beyond 25 & within S50
miles of urban
perimeter

Water-bssed recreation
.Accessible lake, bay,
or lagoons

.Beaches
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.Acres per 1000 peopls
4n County, unweighted
.Acres per 1000 people
on basis of proposed
weighted values:
.Acres/1000 people
with wt. of 1 acrewl
.Acres/1000 people
with wt, of 1 acre=
2/3
.Acras/1000 people
with wt. of 1 acree
/3

Acres of surface srea:
within 30 min. of
pop. centroid « 1
.In rest of county
- 1/4

1 ai. beach within 30
ain. of pop. cen-
troid = 1
All other = 1/4

Total park acres
inside the urban
area; within 2§
miles of; and
within S0 miles
of the urban
perimeter

Toral surface area
for water-based
TecreAtion

U.S. Dept. of
Interior,
Bureau of
Outdoor Rec-
reation

Calif, State
Dept. of Parks

County Park
Departsent

Park § Recrea-
tion Depts. of
the Cities

.

1970 Census
Dats, as
updated by
Regionsl Plan'g




and water pollution, land use, pesticides, recreation and wildlife, have
also been under development. However, these efforts have mainly been
oriented toward urban environmental quality and, therefore, may need to

be adapted for use in water and land resources planning.

To establish indices for water resources planning projections suggests
first that environmental indicators relevant to water resources planning
should be identified and indicators constructed which reflect important
environmental changes consistent with the levels of planning established
in the Principles and Standards. Such indices should meet the following
criteria: 4

1. Indicative of the important dimensions of the EQ objective.

2. Reflect established federal and state environmental standards.

3. Capable of being related to components of plans that will

' affect or change the level of the indicator.

4. Data can be gathered and analyzed economically and efficiently

on a regular basis.

A committee under -direction of the Water Resources Council is now
working on the problem of measurement of environmental quality effects
(Hickman, 1974). This effort should make an important contribution to
describing a set of indicators which can be usefully projected in water

resources planning.

The projection of changes in regional environmental quality is the
product of a descriptive and analytical capability to trace over time
measures and indicators of environmental quality. As the diagram in
Figure 2 shows, a system of environmental projections is logically linked
with socio-economic projection. The diagram indicates the interrelation
of economic and environmental change and illustrates four dimensions which
are relevant to the capacity of the environment to support or sustain
various levels of socio-economic activity and to the overall projection
of environmental quality (Bishop, et al., 1974).

1. Resource-production relations: The capacity of available

resources to sustain rates of resource use for current and

future use and production.
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2. Resource-residuals relations: The capacity of the environmental
media to assimilate wastes and residuals from production and
consumption at acceptable quality levels.

3. Infrastructure-congestion relations: The capacity of infra-
structure resources (management, distribution, and delivery
systems) to handle the flow of goods and services and resources
used in production.

4. Production-societal relations: The capacity of both resources
and production outputs to provide acceptable quality-of-life

levels.

The linking of models for an effective system of projections will
certainly require further study and research to establish baseline condi-
tions, monitoring programs to provide a continuing data base, and sets of
models, operational rules and procedures to making forecasts of future

conditions.
Current Work Related to Environmental Projectionms

Concern for the current state of the environment's health and the
trends and prospects for the future, as expressed in the National
Environmental Policy Act, has engendered two types of efforts which
attempt to assess potential changes in environmental quality. The first
of these is the description of environmental changes or impacts resulting
from the implementation of particular actions. These are generally
framed in the context of the Environmental Impact Statement required by
NEPA. The second aims toward an assessment of environmental quality
effects resulting from broader regional changes in social and economic
structure associated with varying patterns of man's activities. One of
the purposes of the annual report of the Council on Environmental Quality
is to address changes in environmental quality of this type. These two
areas provide a convenient classification of the manner in which predicting
of environmental change has been approached and the various tools and

methodologies that are under development.

Project assessments. The requirements of NEPA direct federal agencies to

prepare a detailed statement of environmental impacts of actions signifi-

cantly affecting the quality of the environment. To the extent that the

-117-



EIS addresses future changes in EQ it represents a kind of environmental
projection for proposed "with project' actions. Efforts to comply with

this requirement have generated untold volumes of narrative descriptions
as well as the development of a number of techniques are largely of two

types, matrices and networks, and both usually rely on expert judgment

as the method of analysis.

Matrix approaches (Leopold et al., 1971; Wirth and Associates, 1972;

Dee et al., 1972) attempt to provide a framework for systematically
exploring the effects of the aspects of proposed actions upon an exhaus-
tive listing of environmental characteristics. Entries in the matrix show
whether or not there is an impact, whether it is positive or negative, and
the degree of intensity. Qualitative deskriptions of significant impacts
usually accompany an impact matrix analysis to provide further discussion

of the nature of the impact.

Network approaches (Bishop, 1973; Nathan, 1972), rather than fitting the

impact analysis within an arbitrary matrix structure, begin with the basic
components of proposed actions and derive a cause-effect network which
leads to the identification and determination of the environmental impacts
as a chain of consequences. The network approaches do achieve an addi-
tional level of information through their capability to show feedbacks and
interactions among impacts, but as with matrices they also suffer from

the lack of a good quantitative base for measuring actual change in

environmental quality levels.

Environmental impact assessment, as an investigative process, does
provide a limited view of environmental changes associated with components
of plans at some points in time in the future. However, because of the
nature of the assessment tools and approaches these generally present only
a static snapshot picture of conditions at selected points of time in the
future. As such, they do not consider the important aspects of the
dynamics of change, such as rates of change and the time path of change
followed. The matrix approaches generally consider only direct first
order impacts of the project components. However, network analyses can
be effectively used to identify secondary project effects in socio-

economic sectors and the higher order environmental impacts flowing from
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plan components and their secondary effects. With both approaches,
measurement of the degree of change is still highly problematical and

usually relies on professional experience and subjective judgment.

Regional assessments. It can be fairly said that many of the basic goals

that have been sought in manipulation of the natural environment have
been economically and socially oriented. At the same time changes in the
natural environment are going on through the evolutionary pfocesses which
are the result of past environmental situations. Thus, the spatial
distribution of activities between natural and human environments are
"the result of systematic responses to two selection processes (evolu-
tionary versus economic) that are both rewarding efficiency but under
different time domains and resource constraints.'" One of the basic
problems, therefore, in quantifying and projecting the magnitude of
environmental change is in identifying what proportion is attributablie to
baseline demands imposed within the natural environment itself and the

proportion which results from man's socio-economic activities.

While economic projections have been the key determinants in water
resources planning in the past, the interdependence of the factors must
be considered in developing environmental projections as related to the
density and distribution of populations, industry, agriculture, transpor-
tation, utilities and other activities. This view of envirommental
projection is set forth in the Principles and Standards as follows:

The components of the objectives will be drawn for
both current and future conditions. Projections should
be made for selected years over a specified planning
period to indicate how changes in population and economic
conditions are likely to impact on the components over
time. (p. 96)

In this regard, the purposes and techniques of environmental impact
assessment clearly do not fit the requirements and needs for a capability
to assess short and long term envirommental changes, and the associated
problems and needs which result from man's social and economic activities.
The two major techniques that have been adapted and applied to the
development of environmental projections which are integrated with levels
of regional, social and economic activity are the methods based on economic

input-output models and methods using simulation modeling approaches.
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Input-Output (I-0) analysis, essentially an examination of the general

equilibrium conditions of production, has been widely used to estimate the
total impact on all sectors of an economy arising from a change in final
demand for the output from any one or several economic sectors. For
applications within the context of environmental projections, I-0 analysis
can be extended to include the estimation of the residuals associated with
any level of production, and more particularly, measurement of the change

in residual volumes when output changes (Leontief, 1970).

Given a vector of final demands for each sector's output, Y, and a
matrix of technical coefficients, A, where each aij is the value of
input from sector 1 per dollar of output from sector j, the level of

sectoral outputs (denoted by a column vector, X) is given by
X = AX +Y
Solving for X yields

(I-A)'1 Y

~
"

in which 1 1is an appropriately dimensioned identity matrix. Thus, a
change in any element of Y will result in changes in all elements of
X; equivalently, any change in the final demand for one output will

result in changes in all outputs.

Now, virtually any production process results not only in outputs
but also generates residuals many of which have negative environmental
effects (e.g., air and water pollution, noise, etc.). This can be
represented by constructing a matrix, R, where each element defines the
amount of each type of residual or pollutant (P) discharged per dollar
of output (X) produced in each sector. The total level of each pollutant

then is given by

and since X (I—A)_lY we can determine residuals as a function of final

demand by
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P = R(I-A)’IY

Thus, not only can any change in final demand be traced through the
system to determine its effect on output in all sectors, the model can

be used to predict the effect of such a change on the levels of all sorts
of residuals associated with that change in production. Clearly this type
of analysis assumes that technology is constant, at least during the time
period necessary for the system to adjust to a new equilibrium; that it
is possible to make empirical estimates in the difficult area of the
residuals matrix R; and that the input-output relationships are linear.
Input-output type models with residuals-environmental impact components
have been conceptualized by Leontief (1970), Russell and Spoffard (1972),
Isard (1972), and Miernyk (1973).

Representative of the I-O approaches is the model developed at
Resources for the Future (Herzog and Ridker, 1972) based on University
of Maryland Interindustry Forecasting Model of Almon. Features of the
model particularly relevant to environmental projections (see Figure 3)
are forecasts of both natural resource demand and pollution outputs or
loadings which can be distributed regionally. These can be coupled with
submodels for water and air to yield water and air quality projections.
This model is the basis for the Strategic Environmental Assessments
System (SEAS) under development by EPA (Greenfield, 1973). The major
difficulty in the use of I-O models for envircnmental projections is the
level of spatial resolution. On the one hand, national I1-O tables can
only be disaggregated to large regions, while on the other, not many good
regional I-0 tables exist. Thus, the gross pollution loadings and land
use changes from an I-O analysis must still be distributed spatially in
a region to gain any predictive capability for specific changes in

environmental quality.

Simulation modeling is a process of abstracting physical or socio-economic

aspects of a particular system to a set of relationships describing
processes and functions occurring in the real system. Simulation involves
the use of a model to carry out experiments designed to reveal and predict

characteristics of the systenm.
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The field of simulation modeling, of course, is as broad as the
situations of interest to the planner. Consequently, most models are
developed for particular problem settings. Of the number of simulation
models that might contribute to advancing the area of environmental
projections, examples of three approaches or levels of modeling that
could assist in making environmental projections are briefly described:

1. Ecosystem modeling--At the highest level of detail is the

modeling of particular ecosystems or subsystems as a way of
understanding the systems interaction and dynamics over periods
of time. Examples of the growing literature in ecological
modeling as well as physical biological processes modeling are
Van Dyne (1969), Patten (1971), Odum (1971), and Daetz and
Pantell (1974). A primary value of such models with respect to
environmental change due to natural physical and biological
processes which go on in the environment regardless of man's
intervention through projects or social and economic activity.

2. Regional simulation model--Regional simulation models are

usually built for specific geographical areas (Goldberg et al.,
1971; Watt and Wilson, 1973). Generally, the regional model is
composed of a number of interacting submodels. One example
(Craven et al., 1973) is a regional simulation composed of four
basic submodels: Socio-economic, socio-political, land use,
and ecological. The flow diagram of Figure 4 shows the inter-
connection of the various submodels. The model has been developed
and operated for the East Tennessee Development District, a 16
county area of 6700 square miles centered around Knoxville.

The socio-economic submodel simulates the dynamics of labor
supply (including population) and labor demand for the region.
The socio-political model simulates the overall impact of the
environment on man and the management strategies employed by
society in response. The land use model provides the basis for
spatially allocating the regional population and the employment
forecasts. Finally, the ecological model simulates the burden
placed on the ecosystem by spatially distributed land use

activities and the resulting impact on the environmental quality
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of the system. The ecological model consists of (1) an air and
water transport model, (2) aquatic and terrestrial trophic models,
and (3) a human activities model. As the brief description of
this representative model type suggest, transferability and
application to other areas is difficult if not impossible because

of many region-specific model characteristics.

Cross-impact simulations models--Cross-impact simulations

effectively combine the matrix and network impact assessment
techniques for depicting interaction and feedbacks among variables
with a mathematical formulation for conversion of variable
relations into time plots for each variable. One such technique,
KSIM (Kand et al., 1973), involves (1) identify the relevant
social, economic, and environmental variables, (2) scaling the
variables to initial conditions (i.e., conditions estimated to
prevail at the time of simulation), (3) developing a cross-impact
matrix to describe direct causal relations among the variables,
and (4) using KSIM mathematics to convert the interaction matrix
into time plots for each variable. Although the technique is
applicable to a wide range of settings, the approach is particu-
larly useful for broad overview types of projections where the
major objective is to identify relative trends and gain greater
insight into interrelations among various factors influencing
environmental change. To illustrate how the technique can be
used to explore broad future problems of a river basin, the
relationships of a few very gross driving forces, environmental
constraints, and regional outputs were examined in a simple
simulation for the Colorado River Basin (Crawford, and Bishop,
1974).

A cross-impact matrix (see Figure 5) was developed to
characterize the interactions that would likely occur under the
trends of present policy orientations for eight selected
variables. Then, a modified KSIM simulation technique was used
to generate a 30-year time plot for the eight variables (see
Figure 6). Similar simulations were done for other policy

orientations, such as all out energy development or environmental
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preservation. These alternative policy orientations, based on rough
estimates of initial conditions and variable interactions, can be used to
simulate and provide a general basis for discussion of future environmental
considerations. Used in this vein, these alternative futures pose the
question, What will happen if ...? The simulation projections are exem-
plary of the types of problems and areas of potential environmental

quality effects, and hence point out some of the issues that would be

involved in no action or various planned actions.
A Framework for Environmental Projections

Considering both the application of environmental projections within
the water planning process and the necessary integration with socio-
economic projections, an overall conceptual framework for developing and
using environmental projections is depicted in Figure 7. As the figure
suggests, environmental projection is itself a process for logically
examining interrelated changes in human and natural environmental condi-

tions. The following briefly describes the major elements of the diagram.

Exogenous regional forces--The use of alternative future descriptions of

regional driving forces in developing projections follows naturally from
the recognition that many causes of environmental change are exogenous to
the region. These forces cannot be explicitly controlled within the
region, yet an understanding of them and their effects internal to the

region are of vital importance to predicting environmental changes.

Environmental projection system--The actual predicting of future environ-

mental conditions requires a system for converting natural and human
resource inputs, acted on by exogenous and endogenous regional forces,
into projected changes in environmental indicators. A comprehensive
picture of the analytical relationships and levels of resolution in
projecting environmental changes is presented in Figure 8. The diagram
recognizes four primary levels of analysis representing progressively
higher degrees of resolution. Beginning at a broad regional level,
economic and demographic analyses describe production, consumption, and
resource exchange within the region in terms of required natural resource,
raw material, and social infrastructure inputs, on the one hand, and the

outputs of goods and services and residuals, in the other. These four
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classes of resource state changes, associated respectively with resource
base, social system, economic system, and environmental media and
ecological system, must then be examined at higher degrees of spatial and
temporal resolution, including analyses of materials transformation,
spatial and temporal distribution of residuals, and finally, changes in

human and natural environmental quality levels.

Desired environmental quality--The essential distinguishing feature con-

cerning the information content of projections is that they depict likely
changes and, therefore, are analytic and descriptive in nature. In
contrast, the desired conditions of the natural environment provide a
normative ccntrast to projections. These are expressed as problems and
needs of various public bodies and interests in terms of levels of desired

improvements in environmental quality.

Plan formulation--The two sets of projections, descriptive and normative,

together provide operational objectives for the formulation of plans.

Thus, the tests of usefulness for environmental projections are found in
their capability to (1) articulate differentials (shortfalls, excesses,
trade-offs) between "desired" (normative) and ''realized" or descriptive
(empirically determined) changes in environmental quality, and to (2) identify
intervention points for achieving improved environmental quality in

formulating plans.

Plan analysis and evaluation--Obviously, the analysis and evaluation of

plans focus on the divergence as between "real' and '"desired" EQ, and is
basic to the selection of appropriate and effective plans. ''Desired"
levels of supply/demand satisfaction must necessarily be weighed against
"realized" changes in components of environmental objectives. Likewise,
indices reflecting achievement of important features of environmental
quality must be arrayed against '"realized" indices of economic and social

well-being.
Summary

In developing water resources plans, planners and decision makers
must continually assess and project the social and environmental implica-
tions of present trends and alternative proposals. Approaches to projec-

tions of regional activity and effects on environmental systems are
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developing, but much work is yet to be done in finding workable approaches
in predicting the natural and human viability of proposals. Future efforts
in the area should be directed toward augmenting planning processes with
sound projection procedures that can be used to examine the character of
environmental changes that will occur under different levels of social

and economic activity, how changes in the physical environment relate to
the social objectives and values for resource development and use, and

how well various planning proposals achieve desired levels of environmental

change.
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MEASUREMENT OF NATIONAL ECONOMIC DEVELOPMENT EFFECTS

Robert A. Young
Department of Economics, Colorado State University

The purpose of this paper is to outline general methods for measuring
beneficial and adverse effects on the NED objective. This discussion will
follow the outline established in the earlier session, in that we examine
both beneficial and adverse effects, and within these categories, direct

effects and external effects are treated.

It should be made clear at the outset that in the hour or so permitted
for this discussion, only a few topics can be discussed. For each of the
several different project purposes (water supply, flood control, recreation,
transportation, electric power, etc.j specific techniques have been developed.
In view of the constraint on time, I have been forced to continue the discussion
at the conceptual level, rather than delve very deeply into details relating
to specific program purposes. A list of references is appended for the
convenience of those interested in further refinements and in alternative

approaches for specific issues.
Review of Concepts

The previous paper (No. 3) presented a brief summary of the conceptual
basis underlying the NED account. The main point of that discussion was
the assertion that the concept of "willingness-to-pay" (WTP) provides a
measure by which beneficial and adverse impacts related to any program
purpose can be expressed in a commensurable basis in monetary units. Thus,
a program will provide a net contribution to national economic development
if the present value of the willingness of program beneficiaries to pay for
program outputs exceeds the present value of willingness of these or other
consumers to pay for the resources used in the program in alternative
employments. Willingness-to-pay is represented by the familiar downward
sloping demand curve which relates money value to quantity consumed (See

discussion of Figure 1 in text of Paper 3 for more details).
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Measurement of Beneficial Effects: General Approaches

A. Introduction

Reliable forecasts of the actual demand (willingness-to-pay) function
for program output are, in practice, rather difficult to derive. This problem
can arise for a number of reasons. First, in the case of outputs which are
final consumer goods, markets may not exist to price the outputs, and hence,
no true willingness-to-pay measure is feasible from observation of actual
market transactions. Recreational enhancement is a case in point. Second,
it is sometimes argued that due to imperfect competition in the relevant
industries, observed market prices fail to represent true willingness-to-pay.
Electric power and water supply for community and residential uses may fall
into this category. Third, the program output may be an intermediate good,
used in producing a number of other commodities for eventual consumer use.
In such cases (exemplified by agricuitural water supply, agricultural flood
damage alleviation and transportation) the task of developing an accurate
derived demand schedule relative to each of the (potentially) numerous final
consumption goods or services is exceedingly complex, time consuming and

expensive.

The implication of the foregoing is that the task of measuring direct
NED benefits is one of applying analytical techniques which are more or less
suitable approximations to the desired theoretical concept. A number of
alternative techniques may be used, including (a) actual or simulated market
prices, (b) change in net income, and (c) cost of the most likely alternative.

In the following sections, these approaches are considered in turn.

B. Approximating WTP with Actual or Simulated Market Prices

1. Cases where appropriate market prices are observable, If relevant,
undistorted market prices are observable, and if the additional output of
a plan is not expected to have a significant impact on price, the actual
market price will closely approximate the total value of the output. This
follows because there will be no consumer's surplus.

If the additional output is expected to have some predictable impact

on price (as represented in Figure 2 in the text for Session 3), a price
midway between that expected with as compared to without the plan may be

used to value the projected increment in output. This procedure would
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approximate in most cases, the willingness-to-pay, including consumer surplus.

2. Imputing value from observation of related resource markets. A few
scattered instances are found in the literature which involve valuing program
outputs by measuring increases in the price of related resources, usually land.
This approach has been applied, with reasonable success, to agricultural water
supply, recreation and water quality enhancement. The technique, however,
appears to have limited usefulness in planning activities, since it rests on
ex post observation of land price changes over a several year period. While
valid as a method of verifying alternative approaches in specific localities,
there is little basis for assuming such measures can be appropriately
extrapolated to other situations.

3. Simulated prices; the case of recreation. Recreational activities
have experienced rising demand in recent years, in response to growing incomes
and increased leisure time. Water-oriented recreation is accommodated by
development of federal multipurpose water programs, as provided for in the
Federal Water Projects Recreation Act of 1965.

For the most part, no market mechanism operates to allocate and value
water-based outdoor recreational services. Under such conditions, the increase
in recreation services may be measured by various methods of simulated
willingness-to-pay.

One approach, commonly termed the "travel-cost'" technique, is based
on the assumption that observed expenditure behavior can be used as a proxy
for prices. The method is an indirect one, in that it imputes the consumption
reactions of consumers to hypothetical recreation prices by examining actual
spending behavior. Marginal travel costs (i.e., variable costs of automobile
operation and incremental expenditures on food and lodging) are taken as
measures of how price affects use. If a fee were charged, per capita use
rates would be reduced. Applying a range of entrance fees, site demand curves
can be constructed for alternative fee levels. Annual values are computed by
determining the area under the imputed demand curve.

Another approach, which is receiving more attention in recent years,
is by direct interview techniques. The essence of the technique is, through
a carefully constructed questionnaire, to elicit from recreationists the
maximum price they would pay to avoid being deprived of the use of a
particular site. Some question the reliability of responses to hypothetical

questions of this nature, although the results of the approach have been found
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to be similar to findings in the travel-cost framework. See Knetsch,
Selected References, Item 7 for detailed discussion.

In view of the relative immaturity of recreation evaluation
methodology, the Principles and Standards provides a set of monetary unit

values, (p. 52) which can be used in plan preparation.

C. Intermediate Goods and the Change in Net Income Measure

Intermediate goods are those which are used by a producer to yield
other goods or services. Water-related plans and programs most often supply
water to production processes rather than to final consumers. Hence, the
special problems of intermediate good evaluation must be confronted.

Production economic theory tells us that the willingness- of a
producer to pay for additional units of a resource is given by the Marginal
Value Product relationship. This relation has the same properties as the
consumer's demand curve, in that the curve relating price to quantity slopes
downward to the right. However, it is often difficult in practice to
specify MVP curves, particularly in the case where fiims produce a number
of products.

The measurement of technique of choice in many cases is the 'change
in net income", which is, in turn, a special case of a more general approach
often called '"residual imputation'.

Resource valuation is essentially a problem of assigning a '"price"
to resources or commodities in the absence of market to perform the function.
The valuation prccess called 'residual imputation'" is a procedure which
achieves this by allocating the total value of output to each of the resources
used in a single productive process. If appropriate prices can be assigned
to all inputs but one, then the remainder of the total value of product is
imputed to the remaining resource.

The technique is based upon two major postulates: (1) the market
prices of all resources, except the one to be valued, are equal to the returns
to the margin (value of the marginal product) afforded by those resources, and
(2) the total value of output can be divided into shares such that each resource
is paid according to its marginal productivity, then the total value of output
is completely exhausted. Consider a simple example where three factors,

capital, labor and water are used in the production of a single output Q. We
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assume that our problem is one of imputing a value to the water resource. By

the postulates (1) and (2) we may write:

TVPQ = VMPL - L + VMPK - K + VMPw - W

where TVPQ is the total value of output Q, VMPi represents the value marginal
product of any resource i, and L, K, and W refer respectively to quantities of
labor, capital, and water employed. If the value marginal products of labor
and capital have been accurately determined, then the value of water at the

margin may be computed as follows:

TVPQ - VMPL - L - VMPK - L= VMPw « W

or according to postulate (1) we may write:

TVPQ - PL - L - PK - K= VMPW W

The assumptions underlying residual imputation as formulated above are that

no residual remains and further that the exact return to each resource can be
imputed. The question which arises is whether or not factor payments according
to marginal productivities will just exhaust total product. The answer is
provided by a principle known as Euler's Theorem which states that, under
certain conditions, resources paid according to marginal productivity will
result in complete exhaustion of total product. This theorem played a major
role in the marginal productivity concept of factor income distribution. The
postulates cited previously were shown to be satisfied by production functions
homogeneous of the first degree. The Cobb-Douglas type function is one which
satisfied Euler's Theorem and has been used in empirical estimation of marginal

value products. This function, of the form

a l-a
y = Bx1 X,
is a homogeneous of degree one. If X is water and X, is capital, the
respective marginal products may be determined as follows:
a-1 l-a
Mle = fl = a(Bx1 X, )
a _-a
MPx2 = f2 = l-a(Bx1 X, )
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This function satisfies

y = x (anil"1 xé'a) + X, [(l-a)Bxi xga]v
a 1l-a a _l-a
= anl X, o+ (l-a)Bx1 X,
or y = ay + (1-a)y

Thus, if each resource is paid according to its marginal product, total output
distributed between water and capital in the proportions a and 1-a will exhaust

total product.

While residual imputation appears to be a very simple technique for
estimating shadow prices or resource values it is subject to limitations which
should be recognized by the user. These limitations may be conveniently
discussed in four broad categories. First, factor payments in accordance with
marginal productivity will just exhaust total product only if resources are
used to a point at which marginal and average productivity are equal. Resource
use at a level less than that necessary for the equality to hold will result in
factor payments greater than total product. Resource use at a level greater
than is necessary to produce the equality will result in an excess of total
value of output over total factor payments. Thus, it is only at a very specific
level of resource use, i.e., at a point exhibiting constant returns to scale,
that the conditions of residual imputation are met. Thus, the method is valid
so long as the requirement of the competitive model (including the equilibrium

condition that marginal equals average product) are met.

Second, there is the very serious operaticnal difficulty encountered
through the use of prices as indicators of value marginal products for all
resources but one. If resources are not allocated so that all factor inputs
are employed to the level where prices are equated with value marginal products,
the imputational process may result in either under or over estimation of the

value of the resource in question.

Third, even though the preduction function exhibits homogeneity of
degree one and prices of all other resources reflect value marginal product,
there may be resources which have been inadvertently omitted from analysis.

A case in point would be the omission of the management function and the
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associate risk bearing responsibility. If these factors are not accounted
for in the analysis, returns properly attributable to management and risk

bearing are imputed to the residual resource and the resultant estimate of
value is overstated. Finally, there is a more general problem which arises
when resources other than water are not directly priced in markets. Errors
in assigning opportunity cost values to such resources would lead to errors

in value imputed to water.

The ""change in net income' measure, in effect, applies the principles
developed above, and values beneficial effects in terms of the difference
between net income of program beneficiaries with as compared to without the
program. In symbols, the measure can be expressed along the following lines.

Visualize a multi-resource, multiproduct production function.

£(0Y;, Yy ooonY 5 X, Xy oeiX ) = 0

where

Yi (i =1, 2 ....m) are products

Yj (j = 1,2 ....n) are productive resources (including water)
Net income is defined as
m n
Z=% (VP -IxP )
i=1 Yi i=13 %5
where
yA : net income
. .th
Py : price of i~ product (assumed constant)
i
. .th
PX : price of j resource (assumed constant)

X,Y as previously defined

Letting subscripts O and I respectively, refer to magnitudes without and with

the project, change in net income is given by

A Z = Z1 - Z0 = i (Yile1 - ijl ij) - ZI(Y:.mPy.l - ijOij)
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When beneficial effects must be imputed by the change in net income process
for a number of different production processes, the budgeting process can
become analytically quite tedious. In such cases, mathematical programming

techniques can be used on a digital computer to facilitate the process.

The possibilities for error with this technique increase as the
economic importance or the role of water in the overall process diminishes.
Agricultural processes are more suitable than industrial or manufacturing
uses. Hence, the change in net income finds its principle application in

evaluating agricultural water supply and agricultural flood damage alleviation.
D. The "Cost of Most Likely Alternative'" Method

When other approximations to the total willingness-to-pay are not
feasible, the ''cost of the most likely alternative' may serve as a measure.
(This technique is often referred to .as the ''alternative cost' approach,
for brevity). The essence of the procedure is that measured beneficial
effects of a program are limited to the cost of a likely alternative procedure,

process or means for achieving the same end.

In a general sense, the alternative cost procedure is a conceptually
appropriate approximation of willingness-to-pay. This follows because a
rational decisionmaker should not be willing to pay more than the cost of

the least expensive source of a good or service.

The approach may appear to be deceptively simple, but there are a
number of possible cases, including private alternatives to public projects,
public alternatives to each component of dual purpose projects, etc. All of
the complications have interesting features. However, our purpose is not to
review the possible complications but rather to summarize the general character

of the technique.

Consider first the situation in which a private alternative to a public
development exists (say by railroad system for transporting commerce as an
alternative to a navigation development). Assume that the two alternatives
provide the same commodity or service in like amounts. In Figure 1, output

Level E is the amount which would be provided by either alternative.
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Figure 1. Alternative Cost
Method of Evaluation

Let P and G refer respectively to the costs (assumed constant) of the private
and the public alternatives. In this case, tantamount to assuming completely
inelastic demand at output E or fixed scale of plant, the only issue is one
of comparative costs. Since output E or fixed scale of plant, the only issue
is one of comparative costs. Since output E will be provided regardless of
the alternative selected, the concern is with providing goods or services at
the cheapest cost. Gross benefit or gross willingness-to-pay is indicated
by the area OEDP while net behefit as net willingness-to-pay is reflected in
the area PDRG. Thus, level G represents the maximum willingness to pay for

E units with the net benefits estimated by the reduction in costs associated

with the public alternative.

Another case is that in which a higher cost private alternative exists
which would be implemented in the absence of the public alternative. Assuming
that neither alternative need be built to a fixed scale and allowing for a
demand schedule which is not totally inelastic, the optimum level of public
provision would be at level W in Figure 1 (This follows from the rule of setting

marginal benefit equal to marginal cost, as discussed in paper 3).

In this case, the demand function would have to be estimated between
the points D and F in Figure 1. Benefits from public provision of output
level E are limited by the private cost OPDE. Because of the greater quantities
demanded at the lower cost, benefits must also include the area DFR. Thus, OP,
the cost of the private alternative, represents the upper bound of willingness-

to-pay for the public alternative or the upper bound to benefits,
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A third case is one in which both G and P are public projects. In
the event that the two alternatives represent outputs provided by two different
agencies (i.e., if one does not provide the service the other will), the
alternative cost technique can be applied just as described previously. In
this manner, the criterion is once again one of comparative costs in which

the demand function need not be estimated.

The primary strength of the alternative cost technique is that it does
allow, in certain circumstances, estimation of maximum willingness-to-pay
without actually estimating demand functions. So long as demands are relatively

inelastic the technique can be very useful.

The principle limitation of the technique lies in the selection of the
"'most likely alternative''. It is always possible to formulate an alternative
project which is more expensive than the proposed plan, and which will therefore
yield and estimate of net beneficial effects. Therefore, it must be required
that society would, in fact, undertake the alternative means (i.e., the
alternative must itself be economically feasible) in order to assure that a

proper measure of net beneficial effects is in fact achieved.

The alternative cost procedure is typicaliy utilized in the cases of
urban water supply, urban flood damage alleviation, electric power, trans-

portation and fishery emhancement.
Valuation of Increases in Output from External Economies

Individual firms or industries directly affected by the plan may provide
beneficial effects for related producers or consumers. It was argued in the
earlier NED session that the relationships must be ''technological! to justify
the impacts being included in the NED account, for only technological

externalities yield changes in real national welfare.

In principle, the measurement of external economies is straight-forward.
In keeping with the assumption that beneficial (and adverse) effects are
measurable in money values, we can say that the beneficiary would be willing
to pay some positive amount rather than go without the benefit. The amount
he is willing to pay is the appropriate measure of the value of the external
effect. As with direct output increases, the willingness-to-pay may be

difficult to determine in practice. We would expect to employ the various
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techniques discussed above to approximate WTP, including simulation of market

prices, change in net income and cost of most likely alternative.

The writer is of the opinion that technological external economies
are not likely to be a significant concern in water related planning activities.
First, the significant water-related externalities have, over time, been formally
internalized in the planning process. For example, storage reservoirs for flood
control clearly provided external benefits in such diverse forms as capacity for
hydro-power generation, water supply, recreation, and so forth. These project
"'purposes' have become incorporated into formal planning procedures. Hence, a
significant class of external economies are already explicitly accounted for

in our system of multi-purpose project planning.

Second, the existence of external economies-unpriced beneficial effects-in
the private sector signal the existence of non-exploited profit possibilities.
Bargains may be reached among the affected parties, or the external effects
may be internalized through formal merger of the firms involved in the inter-

dependency.
Special Treatment of Unemployed or Underemployed Resources

At the conceptual level, as was seen in the earlier session, it is customary
to treat the effects of using unemployed resources by an adjustment to adverse
effects. This follows from the assumption that resource costs should be
measured in terms of social opportunity cost rather than market price in cases
where these constraints differ. Where resources are not fully employed, market
prices or wage rates are likely to overstate the true opportunity cost of the

resource.

However, since difficulties arise in cost allocation and cost sharing
computations, the effects of employing unemployed resources is to be credited
to the beneficial impacts accounts, rather than as a deduction from market

cost of resources in the adverse effects accounts.

Due to difficulties in measuring the effects of programs or unemployment
over the life of a long-term project, the Principles and Standards permit
such adjustments only as related to expenses incurred during the project

construction and installation period.
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(Haveman and Krutilla describe a detailed procedure for determining both
direct and indirect adjustments for unemployed labor resources. See list of

references for full citation).
Measuring Adverse Effects on National Economic Development

Adverse effects include two types: (a) resources required or displaced
to produce final or intermediate goods or services, and (b) decreases in
output due to external diseconomies. A special case arises in the treatment

of unemployed or underemployed resources.

A. Resource Costs

Where physical structures are required to achieve program objectives,
money outlays will be required to purchase the labor, capital and perhaps the
site necessary to construct and operate the project. All actual expenditures
for goods and services, as well as transfer costs and interest during construction,
are to be determined. By and large, measurement of these goals poses no
particular problems, in that market values are, with the exception of unemployed

resources noted previously, taken as measures of resource costs.

B. Measuring Effects of Output Decreases from External Diseconomies

Technological external diseconomies are non-priced adverse effects on
others rather than the direct project beneficiaries. The effects of this class
of externalities in the NED account are measured by the amount the recipients
would have to be paid to induce them to put up with the spillover. Many, if
not all, of negative spillovers will be also treated in the Environmental
Quality accounts. Economists typically classify degradations of air, water
or open space from production of consumption activities as technological
external diseconomies, while ecologists surely regard these effects as
reductions in Environmental Quality. Hence, the possibility for double-
counting (in sense of measuring impacts in more than one account) must be
faced.

As to procedures for measuring or approximating willingness of those
adversely affected to avoid the damages, the general procedures for estimating

WTP discussed in the sectors on direct cutputs can be brought into play.

-147-



In the case where the recipients are producers, the change in net
income approach is appropriate. For example, impacts of saline irrigation
return flows on downstream farmers have been successfully treated by this

method.

The dollar value of degradation of industrial and household water
supplies has been measured by a concept akin tec the alternative cost
procedure, in that added costs of treatment (e.g., softening) or costs of
industrial process changes are used to measure willingness-to-pay to avoid

reductions in output or utility.

Although the techniques are admittedly in the experimental stage,
efforts have been made to impute willingness-to-pay to avoid damages by
simulating market prices either by measuring impacts on land values, or
direct questioning of those suffering damages. The same limitations
regarding these techniques which were noted in the discussion under

measuring direct beneficial impacts would apply here.
Summary and Conclusion

The willingness-to-pay concept provides a measure by which the beneficial
or adverse NED-related effects from any project purpose can be expressed in
common terms, namely in dollar values. A program will provide a net contribu-
tion to the National Economic Development objective if the present value of
the willingness of program beneficiaries to pay for program outputs (benefits)
exceeds the present value of willingness of these or other consumers to pay
for the use of the resources in some other activity (costs). The willingness
of users or consumers to pay for resources or outputs is postulated to be
negatively related to the quantity available. Hence, willingness-to-pay is
represented in conceptual discussions by the demand function, which relates

price and quantity, via a curve which slopes downward to the right.

Actual demand curves for program outputs are rather difficult in practice
to derive. Hence, measurement of beneficial and adverse effects in the NED
account, for the most part, involves applying analytical procedures which are
approximations to the desired concept. This lecture provided a brief intro-
duction to the major approaches used in measuring economic (i.e., NED) impacts,
including (a) the use of actual or simulated market prices, (b) change in net

income, and (c) cost of most likely alternative.
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PRINCIPLES AND STANDARDS REQUIREMENT FOR THE
MEASUREMENT OF EFFECTS OF WATER AND RELATED LAND
RESOURCE PLANS ON ENVIRONMENTAL QUALITY

Gary L. Hickman
U.S. Water Resources Council”*
Washington, D.C,

The measurement of Environmental Quality (EQ) effeets stems from
the requirements stated in the Principles and Standards (P§S) which

are:

"For each alternative plan there will be a complete
display or accounting of relevant beneficial and adverse
effects on the national economic development and environ-
mental quality objectives. Alternative plans will be
formulated to optimize their contributions to the two
objectives. ’

Beneficial and adverse effects are measured in both
monetary and nonmonetary terms. Estimating these bene-
ficial and adverse effects is undertaken in order to
measure and display in appropriate accounts the net
changes with respect to particular objectives that are
generated by alternative plans'" (p. 35).

also:

"A water and land use plan may have a variety of
effects . . . beneficial and adverse . . . on environ-
mental quality. While effects on environmental quality
are characterized by their nonmarket, nonmonetary nature,
they provide important evidence for judging the value of
proposed plans.

Beneficial effects on the environmental quality account
are contributions resulting from the management, preserva-
tion, or restoration of one or more of the environmental
characteristics of an area under study or elsewhere in the
nation. Such contributions generally enhance the quality
of life.

Adverse environmental effects--generally the obverse of
beneficial environmental effects--are consequences of the
proposed plan that result in the deterioration of relevant
environmental characteristics of an area under study or

*At the time this paper was prepared, the author was employed by the
U.S. Fish and Wildlife Service, Department of the Interior.
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or elsewhere in the Nation, for example, acres of open
and green space, wilderness areas, estuaries, or wildlife
habitat inundated or altered, or of lands experiencing
increased erosion. Such adverse effects generally detract
from or diminish the quality of life" (pp. 59 and 60).

While the above generally highlights the need for the EQ measurement
requirements, it would be well to first recap the definition of environmental

quality objective and its components as presented in the P§S before considering

the actual procedures for measuring EQ effects.

The National Environmental Quality objective, as defined in the P§S -

. . . is enhanced by the management, conservation,
preservation, creation, restoration or improvement of

the quality of certain natural and cultural resources

and ecological systems in the area under study and elsewhere
in the Nation. This objective reflects society's concern
and emphasis for the natural environment and its main-
tenance and enhancement as a source of present enjoyment

and a heritage for future generations.

and continues as follows:

. . . the environmental objective reflects man's abiding
concern with the quality of the natural physical-biological
system in which all life is sustained" (p. 33).

The measurement of effects of any particular plan on environmental
quality under the P§S is limited to the natural, physical, historical,
biological environment. The measurement of effects does not include the
human environmental features such as the short term improvements in living

conditions brought about by a reduction in flooding of the human environment.

A basic requirement of the Principles and Standards is a "with plan"
and '"without plan' analysis basis for determining net beneficial and adverse
effects. Precise wording of the with and without requirement in the Principles

and Standards is:

"In planning water and land resources, beneficial
and adverse effects of a proposed plan should be measured
by comparing the estimated conditions with the plan with
the conditions expected without the plan. Thus, in addition
to projecting the beneficial and adverse effects expected
with the plan in operation, it is necessary to project the
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conditions likely to occur in the absence of a plan.
Economic, social, and environmental conditions are not
static, and changes will occur even without a plan.
Only the new or additional changes that can be antici-
pated as a result of a proposed plan should be
attributed as beneficial and adverse effects of the
plan" (p. 36).

The above quotations from the Principles and Standards serve to provide
the foundation for the treatment of I. Measurement of Effects of Alternative
Plans on components of the Environmental Quality Objective (p. 3), II. A
Case Example of an: (1) Abbreviated NED-EQ Evaluation Account; (2) An
Abbreviated EQ Plan and (3) Evaluation Account (p. 45), and III. Significance
of the Measurement of Effects of Alternative Plans on Enviromnmental Quality

(EQ Evaluation Account) in Water and Related Land Resources Planning (p. 67).
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I. Measurement of Effects of Alternative Plans
on Components of the Environmental Quality Objective

The P§S for planning for water and related land resources requires the
consideration of the following components of the Environmental Quality
objective:

. Physical Land Resources

Soil Stability
Geological Resources

. Air and Water Quality

Air Quality Standards
Water Quality Standards

. Ecological Resources

Terrestrial Ecosystems

Aquatic Ecosystems

Special Ecosystem Relationships and Irreversible
Commitments of Resources

Species Threatened with Extinction

. Culturally Significant Resources

Archeological Resources
Historical Resources
Areas of Natural Beauty

By gathering data and analyzing information on the above components, at
least two distinct beneficial results occur:
1. It makes it possible for the public, decisionmakers, and
the planners to bring into sharp focus the significant

environmental issues and needs.

2. It will lead to better interagency coordination because
the type and kind of information gathered is of direct concern

to the involved agencies of the Federal Government,

Some of the general methods for actually measuring EQ effects will now

be considered. To do this effectively, quotations from the P&S (the under-

scoring is added) specifically relating to each of the EQ components - itemized
above and discussed below in more detail - are given and followed by some

methods for measuring effects on EQ.
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A. Physical Land Resources
1. Soil Stability - (Land Quality)

""Enhancement of quality aspects of . . . land . . . by
control of pollution or prevention of erosion and restoration
of eroded areas . . ." (p. 34, P&S).

"Land quality. Where erosion is prevalent or spreading--
largely because of inadequate land use planning and
management--it, among other things, seriously detracts
from the general use, appreciation, and enjoyment of
terrestrial and aquatic environments.

"As encompassed in the environmental quality objective,
soil is valued as a basic national resource rather than for
its more traditional role as a primary production factor
contributing to increases in national output',

Beneficial erosion control effects improving the visual
attractiveness of the natural landscape include:

a. Reductions in sediment on beaches and
public recreation areas;

b. Reductions in turbidity and sediment
pollution of water in rivers, streams
and lakes;

c. Restoration of cull banks from strip
mines and other eroded sites;

d. Bank stabilization on mainline and
secondary roads'. (pp. 74, 75).

The U.S. Soil Conservation Service (SCS) has developed methods of

evaluating soil losses on farm lands; construction sites; stream banks,

channels, and roadside ditches as follows:

Erosion on farmland may be affected by planned projects. Where new

land is brought into production, especially sloping land, or where land
will be farmed more intensively, erosion may be increased unless erosion
control practices are used. On the other hand, where the plan provides
for less intensive farming of sloping land or specified erosion control
practices are implemented on farmland, erosion may be substantially

reduced.
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The Universal Soil Loss Equation is used to calculate the tons of
soil loss per acre. The calculations of such are.objective measures based
on developed coefficients. The application of this equation by SCS requires
the following data:

. The soil erodibility factor (K). K factors are based on
key soil properties and have been assigned by the SCS to
each of the soils in the United States.

. The cropping system factor (C), or sequence of crops, to
be grown.

. The conservation practice factor (P), which takes into
account practices such as contouring, terracing, contour
strip cropping, minimum tillage, etc.

. The slope length factor (L).
. The slope steepness factor (S).
. The rainfall intensity factor (R).

Of the factors in the equation, K and S are determined from soil
surveys; L is determined either from onsite inspection or estimated from
soil survey and topographic surveys; R is determined from a national map
of rainfall intensity factors available through the Soil Conservation
Service; C and P are determined by onsite inspection or may be estimated
for the watershed data available frem the Conservation Needs Inventory.
Commonly, due to variations in slope or other limiting soil properties,
C and P vary according to the kind of soil or according to groups of
similar soils. The unique combinations of K, S, L, C, and P in the

watershed, and the acreage of each must be estimated.

Delivery ratios are applied to the total erosion calculated in order
to determine estimates of the total sediment reaching the stream at various
points in the watershed. No arbitrary equation exists for computing the
delivery ratio. It is commonly estimated in broad classes for wide regions

of the country.

The procedures for application of the Universal Soil Loss Equation are

described in the following publications:
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Wischmeir, W.H., C.B. Johnson, and B.V. Cross. 1971.
A soil erodibility monograph for farmland and construction
sites. Journal Soil and Water Cons. 26: 5: 189-193.

Agricultural Research Service. 1965. Predicting
rainfall-eresion losses from cropland east of the Rocky
Mountains. Agr. Handbook No. 282. U.S. Government
Printing Office, Washington, D.C.

Erosion on construction sites or areas of surface mining may be very

severe when intense rainfall occurs on soil surfaces that lack protective
vegetative cover. The procedure discussed above is also appropriate for
estimating erosion from construction sites, except that the calculated soil
loss must be factored downward where soil lacks vegetative cover for periods

of less than a full year.

The construction of sediment basins to receive runoff from constructiocn
sites, and hold it sufficiently long fof much of the suspended sediment to
settle out, is an effective method of reducing the pollution of surface water.
Also, establishing vegetative cover as soon as possible after construction, or
during intermediate periods within the construction period is also effective,
as are minimizing the area disturbed and using surface mulches of organic or

other material.

Erosion of stream banks, channels, and roadside ditches may produce

large volumes of sediment which will pollute lakes or streams and shorten
the useful life of reservoirs. Such erosion may also be so severe as to
impair the functions of the roadway or destroy land adjacent to the stream
channel. Estimates of the volume of sediment created are commonly based on
site inspections, on a random sample basis, whereby data is developed for
average erosion per unit length of the channel or ditch. Variables
considered include the erodibility of the soil or geologic strata, the
shape of the channel or ditch, and the volume, velocity, and abrading
quality of the water and its suspended solids. Data from the sample areas

are extrapolated arithmetically to the full length of the channel or ditch.

2. Geological Resources

""Management, preservation or enhancement of especially
valuable or outstanding . . . geological resources . . ."
(p. 34, P§S), ". . . contributes to man's knowledge and
appreciation of his physical environment" (p. 70, P§S).
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With regard to the above statement, a partial list of geological

measurement parameters paraphrased from pp. 70-71 is as follows:
"Size and measure:

(1) Surface acreage
(2) Subsurface acreage (estimated)

(3) Quantity (volume and frequency of occurrence)

A descriptive-qualitative interpretation, including an evaluation of
the effects of a plan on the designated or affected geological resources.
This includes evaluation of effects of construction or men induced

alteration on volcanoes, mountains, glaciers, etc.

Educational:
(1) General education

(2) Special and scientific

Improvements:

(1) Accessibility {(including lana acquisition for public
roads and trails; easements)

(2) Interpretation and monumentation

(3) Other (specify and describe

Protection and preservation:
(1) Physical
(2) Legal (dedication, other)
(3) Special

Specific items that should be evaluated, if of geomorphic or geologic
significance, are: caves, classic rock formations, classic stratigraphic rock

section and unique palaeontological sites and unique geologic features such as
natural bridges, etc.

B. Air and Water Quality
1. Air Quality

""Enhancement of quality aspects of .
pollution . . ." (p. 34).

. . air by control of

"Air quality. Air pollution is primarily a regional problem
stemming principally from urban centers containing concentrations
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of people, industry, and transportation. In addition to
its diverse social impacts, air pollution causes direct
injury to natural environments, including ground cover,
trees, and wildlife. In its purely physical dimensions,
air pollution is accommodated within the environmental
objective.

Beneficial effects to the environmental objective from
air quality control may be defined in relation to regional
air quality standards established under the Clean Air Act
of 1970.

Consistent with air quality standards established for the
affected planning area, air quality control beneficial
effects are identified, measured and described by:

a. The amount and use of open space between sources of
air pollution and concentrations of people to assist in
the process of atmospheric dispersion and dilution.

b. Reductions in the use of fossil fuels.
¢. Reductions in damages to:

(1) Wwildlife - species, number or density, distribution,
a descriptive-qualitative interpretation and evalua-
tion of effects as appropriate.

(2) Ground cover - species, acreage and density, dis-
tribution, a descriptive-qualitative interpretation
and evaluation of effects as appropriate.

(3) Forests - species or types, acreage, growth rates,
distribution, a descriptive-qualitative interpreta-
tion and evaluation of effects as appropriate.

aesthetic appeal of natural settings and scenic landscapes'
(pp. 73 and 74).

Water Quality

"Enhancement of quality aspects of water . . . by control
of pollution . . ." (p. 34).

"Water quality - The beneficial effects of water quality
improvements will be reflected in increased value to water
users and will be recorded under the national economic
development or regional development objective. For example,
increases in the value of the Nation's output of goods and
services from improvements in water quality will be accommodated

~-158-



under the national economic development objective. A
great deal of improvement is needed in the methods of
measuring these values. :

"There will be other water quality beneficial effects,
however, that cannot be measured in monetary terms but

are nonetheless of value to the Nation. Examples of

such benefits are usually in the aesthetic and ecological
areas so important to mankind. Beneficial effects from
these kinds of improvements are contributions to the
environmental quality account and are identified, measured,
and described in nonmonetary terms'.

'""Beneficial effects to the environmental quality account
from water quality control may be defined in relation to

the State standards or goals established under the Federal
Water Pollution Control Act Amendments of 1972 (P.L. 92-500)".

(p. 72).

The Environmental Protection Agency (EPA) points out that the legislated
water quality goals as specified in the Federal Water Pollution Control Act
Amendments of 1972 (FWPCAA)}, Section 101, are the attainment of water quality
for protection and propagation of fish, shellfish, and wildlife and to provide
for recreation in and on the water by July 1, 1983, and by 1985 the discharge

of pollutants in navigable waters is to be eliminated.

Under the without plan, analysis of the water quality criteria would be
defined in terms of use-classification and actual numerical criteria by river,
lake, and stream segment. The criteria would include such parameters as

Dissolved Oxygen (D0O), temperature, Total Dissolved Solids (TDS), etc.

Basic assumptions and approaches for determining present water quality
should be documented. Inventories should include locations and loadings of
major point and non-point sources of water pollution. Inventories of water
quality and affected aquatic biota at key locations in the aquatic ecosystem
should be conducted. Pertinent stream flow characteristics would be considered
representative for a segment of the river, lake, or stream. Minimum stream
flow characterics would include:

. Low flow frequency and duration
. High flow frequency and duration

. Critical flow conditions for water quality (high or low)

Under the with project analysis, the beneficial and adverse water quality

effects (short term, long term, irreversible, and irretrievable) covering all
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parameters included in the Water Quality Standards and other relevan: parameters
should be determined. Tradeoffs between short-term environmental gains and

long-term losses or vice versa should also be determined.

Examples of long-term effects are--eutrophication, ground-water pollution,

salt water intrusion, salinization, and entrainments must be addressed.

Examples of irreversible and irretrievable commitments are--consumptive

water uses, mining of ground water supplies, etc.

Sources of information, methods used for predicting water quality impacts
of actions, and units of measurement utilized in the determination should be
documented.

C. Ecolqg}cal Resources

'"Management, preservation, or enhancement of especially

valuable or outstanding . . . biological (including fish
and wildlife habitat) . . . and ecological systems;"
(p. 34).

A discussion and evaluation of the terrestrial and aquatic ecosystems
is very important to the full understanding of the Environmental Quality

measurement effects of this particular component.

1. Terrestrial and Aquatic Ecosystem Evaluation

The U.S. Fish and Wildlife Service in concert with State fish
and wildlife agencies and private conservation organizations has developed
a rigorous with and without plan analysis for terrestrial and aquatic
ecosystems. A common denominator called "Habitat Units'" (HU) has been
developed as a unit of measure for each ecosystem. Habitat units reflect
the value of each habitat type on a scale of 1 to 10 per acre for the full
range of fish or wildlife. The future without project analysis
calculates the effects of future land-use changes, human activities and
plant community successions on habitat values over the period of analysis.
With this without plan data base, the effects of any proposed action can
be evaluated in terms of habitat units lost or gained for the terréstrial

ecosystem (Figure 1). A separate analysis is made of the aquatic ecosystems.
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Figure 1., Graphically illustrating the measurement of
effects of alternative plans on ecological resources,

In addition to this display of HU lost or gained, a narrative treatment

will be made on special ecosystem relationships and irreversible commitments

of ecological resources, and species of animals or plants threatened with

extinction.

The Principles and Standards provide for thirty-two (32) major activities in
the planning process (Figure 2). The chronological sequence of the measure-
ment of the effects of alternative plans on environmental quality are described

by the following grouping of phase activities:

Pre-Plan Formulation Activities

. Review of earlier higher level planning efforts if any (Activity 1)

. Review of published and documented materials relevant to the
components of the two national planning objectives (Activities 2 to 7)

. Existing without plans EQ inventory and evaluation (Activity 8)
. Economic, population and land-use projections (Activity 9)

. Future without plans EQ evaluation--note at this point that land-use
and human activities (Activity #9) projections have to be developed
before the future without plans EQ evaluation can be developed (Activity 10}

. Specification of component needs of the EQ objective (Activity 11)

-161-



. Evaluation of NED resource capabilities without any plans (Activity 12)
. Specification of the component needs of the NED objective (Activity 13)
. EQ planning aid report to NED plan formulation subteam

summarizing the without plan.-EQ evaluation (Activity 14)

Plan Formulation Activities

. The second major phase is the actual process of formulating the
first EQ and NED plans (Activities 15 and 16)

. The third major phase in the planning process requires the
evaluation of the EQ and NED plans (Activities 17 to 26).

. The fourth major phase of the planning process is multi-objective
plan formulation (Activity 27).

. The fifth major phase is evaluation of multi-objective planning
(MOP) (Activities 28 to 31).

. The sixth and final major phase of the planning process is selection
of recommended plan (Activity 32)

Calculations for Plan Evaluation

Having reviewed the above pre-plan and plan formulation activities, the
measurement or evaluation of the effects of an alternative plan on ecological
resources will be traced through the planning process starting with Activity #4.

Activity #4 requires review and summarization of the existing documenté-
tion on flora and fauna including the life history requirements and ecosystem
dynamics for the planning area. If specific documentation is not available
for the planning area, then pertinent materials at the State, region and/or
National levels should be reviewed and summarized. Data should be collected
on the following ecoelogical indicators:

. Terrestrial Ecosystems. Special attention should be given to the
food and cover requirements for the following specific indicaters:

-Big Game Mammals -Waterfowl

-Upland Game Mammals -Other Water and Marsh Birds
-Furbearing Species -Other Birds

~-Other Mammals -Reptiles and Amphibians

-Upland Game Birds

K . Aquatic Ecosystems. Special note should be taken of the following
indicators:

-Phsyical Characteristics

-Chemical Characteristics
-Biological Characteristics
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MAJOR ACTIVITIES OF WATER AND RELATED LAND USE PLANNING

Pre-Plan Formulation Activities Plan Formutation Evaluation Plan Formulation | Evaluation | Selection of Plan

Reviev level A and B projections and requirements for planning area.

Reviev of documented physical land resources (soil stability and geological resources) in planning ares.
Reviev documented air and water gquality in planning areas.

Reviev documented ecological resources in plamnning ares.

Reviev documented culturslly significant resources in planning area.

Review other NED planning in ares.

Review RD and SWB planning by other entities.

Existing without plans inventory and evaluation of EQ components in planning area.
Set economic and population and land use projections in plamnning area.

Future without plana evaluation of RQ components.

Specify component needs of Envirommental Quality Objective for the planning area.
Evaluate resource capabilities without any plans.

Specify component needs of the NED objective for plamning area.

EQ plamning aid report to NED formulation subtsam.

BQ plan formulation. 24, NED plan--SWB evaluation account.
NED plan formulsation. 25. Compensation peeds--for EQ Plan.
BQ Plan--NED evaluation account. 26. nsation needs--for NED Plan.
EQ Plan--RD evaluation account. 27. MWOP(s) formalation.

BEQ Plan--SWB evaluation account. 28. MOP--EQ evaluation account.

EQ Plan--EQ evaluation account. 29. MOP--NED evalustion account.

NED Flan--EQ evaluation aczount. 30. MOP--RD evaluation account.

NED FPlan-~NED evaluation account. 3l. MOP~-SWB evaluation account.

KED Plan--RD evaluation account. 32. Selection of Recommended Plan.

FIGURE 2. Thirty-Two Major Activities in the Planning Process
for Planning Water and Related Land Resources
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. Ecosystem Dynamics

. Species endangered or threatened with extinction

Activity #8 (Figure 3) is next in the planning process. It is the
inventory of existing Ecological Resources without consideration of any
plans for the area under study. The steps to take are:

Identification of all terrestrial habitat-types and assign a
two (2) digit numerical code (Figure 4)

. Classification of the aquatic ecosystem types and assign a
numerical code.

Selection of representative sample locations (minimum 3 to 5)
for each habitat-type for the terrestrial and aquatic ecosystems,
respectively.

Using Form #1 (Figure 5) the carrying capacity of each habitat-type is
evaluated in terms of food and cover for each of the nine (9) major groups
of vertebrate wildlife. As indicated previously, key habitat evaluation
criteria for each primary species of each indicator group is converted on
a scale of one (1) to ten (10) to reflect the habitat value. Further
details of this evaluation example include:

-Vertical stratification of the bottomland hardwood forest into
overstory, understory and ground vegetation. If the habitat-type

had been grasslands - only the ground vegetation would require
evaluation. '

-Selection of three (3) geographic sites for evaluation of the
bottom hardwood type forest.
Note that '"'NA" on Form 1 (and subsequent forms) means ''nmot applicable"

if the particular characteristic does not contribute to the species group
under evaluation. After each major group of vertebrate wildlife has been
evaluated for each habitat characteristic on the three (3) geographical
sample sites, the columns are summed and the number of observations greater than
zero is recorded. The grand tectal of the evaluation element value is the sum of
these values. The grand total of observations made is calculated by summing
the bottom row. The average habitat-type unit value is then calculated by
dividing the grand total evaluation element value by the grand total number
of observations. This means that wherever this habitat-type occurs in the

planning area used in this example, its base value in habitat units is 5.8

per acre. Accordingly, this type of calculation needs to be conducted for

each habitat-type in the planning area (Ferm 1, Figure 6).
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MA JOR ACTIVITIES OF WATER AND RELATED LAND USE PLANNING

Pre-Plan formulation Activities i Plan formulation

Evaluation | Pian Formulation | Evaluation : Setection of Plan
: !

i
1
i
l
i

1. Reviev level A and B projections and requirements for planning area.

2. Reviev of documented physical land resources (soil stability and geological resources) in planning ares.
3. Reviev documented air and water quality in planning area.

4. Review documented ecological resources in planning area.

5. Reviev documented culturally significant resources in planning aresa.

6. Reviev other NED planning in area.

7. Review RD and SWB planning by other entities.

8. Existing without plans inventory and evaluation of EQ components in planning ares.
9. Set economic and population and land use projections in plamning area.

10. Future without plans evaluation of EQ components.

1l. Specify couponent needs of Environmental Quality Objective for the planning area.
12. EBEvalnate resource capabilities vithout any plans.

13. Specify component needs of the NED objective for planning area.

1k. BQ planning aid report to NED formulation subteam.

15. BEQ plan formulation. 2. MED plan--SWB evaluation account.
16. NED plan formulation. 25. Compepsation peeds--~for BEQ Plan.
17. EQ Plan--NED evaluation account. 26. nsation needs--for NED Plan.
18. EQ Plan-~RD evaluation account. 27. MOP(s) formulation.

19. BEQ Plan--5WB evaluation account. 28. MOP--EQ evaluation account.

20. BQ Plan--EQ evaluation account. 29. MOP--NED svaluation account.

21. NED Plen--EQ evaluation account. 30. MOP--RD evaluation account.

22. NED Plan--KED evaluation account. 31. MOP--SWB evaluation account.

23. NBD Plan--RD evaluation account. 32, Selection of Recommended Plan.

FIGURE 3. Existing Terrestrial Resources Inventory and Eval-
uation of EQQ Components Without Anvy Plans (Activity #8)
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Form #1
TERRESTRIAL HABITAT EVALUATION

Date 37/ 2 /7&
Habitat~Type éQzTcm Ignd Ha\rdwooc{ Code No. Ql Compiled by:

Habitat Component_ fovesTlands _llJl_—ﬁ—-—————._eM e
Planning Area.mm.gs._.Qnm_LRss_,_mm_ Stete - FrivaTe
onsevrvati 1 1°Te

Sheet z 01‘ / Sample Unit Locations:
1_s IS W Yy Sec. 20 E
2 S W S
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4 W Grand
Tatal
Total Evaluation
Element Values \ 94 72 62133 29 131 L o l5
Total Observation
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Grand total evaluation element values , Average Habitat- = 8
Number of observations Type Unit Value f

FIGURE 5, Terrestrial Habitat Evaluation (Form #1), Field
Rating by Habitat Characteristics and Faunal Group
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The next task is the determination of the acreage and total weighted
value for each habitat component. First, an aerial mosaic of the planning
area is stratified by the NED plan segments, or if the planning segments
are not known, the planning area should be stratified by fifty (5) foot
elevational contours depending on the homogeneity or randomness of the

plant communities in each stratum. Each planning segment or elevational

stratum is then grided into 40-acre squares and a dot grid system is used

to determine the acreage and total weigbﬁed habitat unit value for each

habitat component. These calculations are recorded on Form #3 (Figure 7).

Also note that the average habitat unit value for each habitat type within
the habitat component is transferred from Form #1 to the top of Form #3 and
that the conversion factor from dot's to acres is 1.43. A detailed
explanation of an example of how to use Form #3 (Figures 7 and 8) is as

follows:

Let us assume that the first dots fell on shrublands, Code 03, of the
forestland component and the number of dots recorded in column 1. The
conversion factor of 1.43 times the number of dots equals 7 acres of
shrubland habitat having a base value of 7 HU per acre. It is now essential
to add an interspersion value on a scale of 0 to 3. The interspersion value
among adjacent habitat types is based on their frequency of occurrence and
quality in the grid sample. In this case example, the interspersion value
is 1.5. Thus, this value plus the base value of 7.0 HU equals 8.5 the
total average habitat unit value per acre for this point sample of 7 acres
is the product of columns (6) and (3) or 59.5. This process is repeated
for each occrrence of forestland types under a point sample using the dot
grid system. Note that the interspersion value is zero on the third line
entry. This means that no other habitat-type occurred in the 40-acre grid

under evaluation.

Once the planning segment or geographic contour stratum has been dot
grided and the total weighted habitat value calculated for each line entry,

the acreage in column (3) and the total weighted habitat unit value in
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Form §# 3
TERRESTRIAL HABITAT EVALUATION

*Habitat Component_FovesTland g Date 3/1e/1y
hbiut . 7 Code Avg.Unit
woods) ~ BcTTomlands . 0L~ S ¢~
(emedie hoak-Jemanah Qi 7T
(shvub) ——Shvublands 03 7.0

Compiled by Joinl ﬁeloml -
Stale - Private

onservation Comm iThee

ing Area Ona Daumes' Ks.  Planning Segment gonServaTion Qoo
eet | of 3

to Acre Conversi

Factor .43 .

. Avg. Total Total
_"ﬁt‘at Dots o Habitat Interspergion { Averare Voighted
e cn= Type Value Hebitat Uait | Eubitat.
Cozs i Habitat (Habitat | yni¢ vajue Value/Acre Unit Value
(1) (2) (3) (&) (s) (6) (n
“ o3 3 7 7.0 /. 5 7. S 59. 5
] g 2] ST 1. £ 7.3 70.3
T 23 i - 5.2 133.4
2 14 20 7.4 2.0 2. | 8F.0
S {3 /1 7.4 -0 2.4 1778 6
! I 27 s 2.0 7.2 T
{ 44 b6 s.¥ (.5 7.3 4P e
2 5 2 7.4 2.0 9.9 L5 ¥
! 12 17 Fat 4 2.0 7.8 1326
23 2 32 7.0 2.0 9.0 7.0
I | y4s 64 5.2 2.0 7.8 499.2
2 i} 10 2.4 2 ¥Yy.0
3 b . y X-)
! 2 -
! 7
/ 5
+ _ _
S C
s l-tp7al 2£ 3 — 2,779.%
Total
), 144 _ G 152.7
Columm 7 -
oluwm 3 Average Wt. Habitat Component Unit Value per acre - &0
h— ep & separa orm or eac component.,

FIGURE 7. Terrestrial Habitat Evaluation (Form #3), Calculation

of Average Weighted Habitat Unit Value Per Acre for
Each Habitat Component
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column (7) are summed vertically and recorded at the bottom of the form.
The average weighted habitat component unit value per acre is calculated

by dividing the summation of column (7) by the summation of column (3).
Concurrently, the total weighted habitat unit values (Form 3, Figure 8) are
calculated for the other habitat components as the dot grid point sample

falls on them within the planning segment under evaluation.

Now, moving on to a detailed explanation of the calculations required

for Form 4 (Figures 9, 10, 12, 16, 17) and the interrelationships of the

terrestrial EQ component evaluations (Figures 11, 13, 14, 15):

On Form 4, Figure 9, the total acreages and average weighted habitat unit
value per acre are recorded for each habitat component by planning segment from
Form 3. Note for example, that the 250 acres of brome pastures, and its value
of 4.2 HU per acre are recorded in columns (1) and (3). This transfer procedure
from Form 3 to Form 4 should be followed for the rest of the habitat component
acreage and HU values. Column (2) is an acreage adjustment column. In this case
example the total acreage for the Conservation Pool and the Flood Pool were
ten (10) percent under the total acreage calculated by the Army Corps of
Engineers for each segment. For purposes of comparison, the acreages of
each habitat component was proportionatély increased and recorded in
column (2). The evaluation process described above is carried out separately

for each of the following planning segments:

. Conservation Pool

. Flood Pool

. Above Takeline Within One (1) Mile

. Below Dam Excluding Recreation Areas
. Recreation Areas Below Dam

. Recreation Areas Above Flood Pool

. Above Flood Pool to Takeline

Going now to the aquatic ecosystem aspects of Form 4, Figure 10, and
using the basic aquatic habitat-types values developed on Form 2, the acreage
and the aquatic habitat-type base value are recorded in columns (2) and (3)
stratified by planning segments. The evaluation is made on physical, chemical

and biological parameters. Note that the aquatic habitat types are:
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Terrestrial Habitat Evaluation (Form #3), Display of

FIGURE 8.
Habitat Components
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Form 4 §

ALTERNATIVE PLAN EVALUATION BY PLANNING SEGMENT

Planning Area Onaga Dam f Res., Kansas Date q//o_‘é?‘/
Alternative Plan_A - AED p]g n Summarized by irice
Sheet | of &2 Terrestrial ]
Aquatic N}
Habitat Existing %X Hsbi- ?-labicat otal [**Project Credits |Total Nef
Componendfeal}  Acreage *Value |Total tat Units (Habitat| from private to {liabitat !j
by Plan-~ From|Adjusted| per JHabi- | Units |lost or junits public land lost or
ning Seg Form jterrest-| Acre |tat lost or|gained [lost or| ownership. gained
cent 23 [riel and {Unit gained jper gained |credits |adjusted |( ~ or +)
(Terq actual Value | per Acre in unit |habitat
only) aguatic Acre .| (-or+) | (-or+) lper units
acreage acre lost or
gained
per acre
1) (2) (3) %) (5) (6) (7 1¢:)) 9 (10)
Consevvatioh Phel:
FovesT| O} wisil /2731 0 | toat4]
Crop 13193 3,651 £:7 | ayvez:
Brome [ O] 2% 297§ Yer | (1)
m s 731 1.y 5490
iers § 46 2.2 33/
ToTal 4n9g] 5320
Flocd [ Pdcl:
ForesT_ 1 ©1423%] L4oS | 9.1 | /3,796
Crof Q12,429 2,743 72_| /9,750
Brome O ¢4 693 4.5 2149
Prairie | ol 3ye 398 27 | 30236
STreams | O ¥ 4é 7.2 237
Tetal 4676 5280
Bhove Flood]Abovk Tnteling'.@
_Forest 1251 §35) 9219 2.1} _RYsY
Cvop 25| 14¢ 164 23] 1,197
Brome [2¢] 133 148 4.6 'Y
Praivie laglgaig] £79P]| (.0 179929
Styeams |28 7.2 Sy
Tolal 2 7047
) {exe : Qv
foyest | O} 233 289 1 7.9 | 2,09¢
Cre o] 41 S32 2.2 S e20
Praivie | O] 209 ajy: 7.5 ] L7de
Shreams [ O 11 17 Zal a2
Totlal 9241 oMo

* Taken from Form # 3
** Applys only to terrcstrial evaluation

FIGURE 9. Terrestrial Habitat Evaluation (Form #4), Acreage
Adjustment and Calculation of Total Habitat Unit Values
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Form # %

ALTERNATIVE PLAN EVALUATION BY PLANNING SEGMENT

. q
Planning Area 07\@3&. Dq.w\_f‘ Rg S, I{ansa € Date /’0/76‘
Alternative Plan A - NED Summarized by JoinY CommiTTeoe
Sheet__Q of a Terrestrial /X/
Aquatic 17
Habitat Existing 2 Habi- [Habitat [Total **Project Credits [Total Net
Componendfean Acreage *Value |Total tat nits abitat| from private to [Habitat U
by Plan- tron{Adjusted| per |Habi- | Units {(lost or |Units public land lost or
ning Seg Fornm|terrecti- ] Acre |jtat lost or jgained |lost or} ownership. gained
ment #3 |rial and Unit gained |per. gained |creditsjadjusted |( - or +)
(Tery actual Value | per Acre in unit |habitat
only ) aquatic Acre (-or+) | (-or+) |per units
acreage acre lost or
gained
per acre
(1) (2) 3) (%) (5) (6) (N (8) (9 (10)
8&. Hr%a. be'gaz Dol ‘
forest || £3 94 3.9 243
Cvop o 161 123 7-2 1 131%
Praixie O | no 1% 1.5 P85
Total 3a0 358
Rec. Aveas ¢ Eloed| Peol®
FovresT | 0 9 102 2.4 218
Crop 01123 1371 1.3 ] Lece
Browme ! o 4 16 4.6 24
irie | O j4ysY So5 6.8 3‘121
ola.)_ 6231 7¢o0
Lhove Floo ale line Lexcest Rec, Arce)
ForesT | O 193 2] 9.0 174997
Crop O la6! 290 7.3 1 Q17
Brome (O] 30 131 46| ys2
irie | © | 345 LoZ2! ¢.X} 7,290
ToTal L] 1,610 :
2,41

* Taken from Form # 3
** Applys only to terrestrial evaluation

FIGURE 9 (Continued). Terrestrial Habitat Evaluation (Form #4),
Acreage Adjustment and Calculation of Total Habitat
Unit Values '
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Form # &

ALTERNATIVE PLAN EVALUATION BY PLANNING SEGMENT

Planning Ares__Onaga Dam§ Res, Kansas vate 13/ 7y
Alternative Plan A — NED plan Summarized by Q?in]‘_ﬂma‘sx!ﬁ'
Sheet | of | T, Terrestrial [ /
Aquaric 02
Habitat Existing Z Habi- fﬂabitat Total [**Project Credits [Total Ne
Componecngieal Acrease *Value |Total tat Units habitat from private to {Habitat |
ty Plan- From|Adjusted | per |Habi~ | Units Jlost or [Units public land lost or
ning Segp Form |terrcst-] Acre |tat lost or |gained [lost or| ownership. gained
ment #3 |rial and {Unit gained |per gairec. jcredits Jladjusted {( - or +)
(Terd actual Value | per Acre in unit Jhabitat .
only) aquatic Acre (-or+) | (-or+) |per units
acreage acre lost or
gained
per acre
(1 ) (3) (4) (5) (6) (N (8) 3 (10)
Below Daw: . '
Channelized| © 43| 63| _#ro]

1 ]

e Ti s
Unchanselizedl O 36.4]| 57 |207.5
TxibuTaviest © 9.4 5Y S0.8
Reservoiv | O° $,320.0 -1 -
Elaol Rool:

i o FIX 57 liet: @
Tribalarvies | © 181 5.9 97.7
Farm Pond | © Lo 5.0 $.0

\'.
Abore Floed Pool: 8
Tribdlories | O 102.7 5.4 |587.0

* Taken from Form # 3
#*% Applys only to terrestrial evaluation

FIGURE 10. Agquatic Habitat Evaluation (Form #4): Calculation of
Total Habitat Unit Values by Planning Segments
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. Channelized Creek
. Unchannelized Creek
. Tributaries

Farm Ponds

Reservoirs

Activity 10 (Figure 11) of the Pre-Plan Formulation Activities is the

determination of the status of future ecological resources without consideration

of any plans for the area under study over the period of analysis. This case

example 1s unique because no change in land use or human activities without a
project are projected over the period of analysis, and only one (1) change is
projected to occur in the ecosystem dynamics. As indicated in Figure 12,

the channelized portion of Vermillion Creek fully recovers to a natural state
by target year 50. This assumption is based on the prediction that no main-
tenance work would be conducted and the stream, by natural processes, would
cut a meandering channel creating typical pools and riffles. The existing
status of the total ecosystem dynamics should be narratively documented--such
as the seral stages of plant community succession and aquatic ecosystem
tropic levels and so forth. Also, notes should be taken of any species
occurring in or affected in the planning area which would be considered

threatened or in danger of extinction.

As indicated in Figure 13, Activity 11 is the specification of the component

needs of Environmental Quality Objective in the planning area. Note, however,
that this activity is not treated in this presentation but is stated only to
give some perspective to the sequence of the planning process. Activity 14
(last activity in the Pre-Plan formulation stage) is an Envirommentszl Quality
Planning aid report to anyone involved in the planning process. The report

summarizes the EQ without plan analysis of the planning area.

Activities 15, 16 and 27 (Figure 14) are actual plan formulation

exercises.

Figure 15, Activities 19, 17 and 28 are the measurement of effects of
an alternative plan on Environmental Quality. In other words, it is the EQ

evaluation account. The development and display of the EQ evaluation account

for each alternative plan developed is a mandatory requirement of the Principles
and Standards.
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MAJOR ACTIVITIES OF WATER AND RELATED LAND USE PLANNING

Pre-Plan formulation Activities Plan Formuiation Evaiuation Plan Formufation | Evaluation | Selection of Plan

® @
P o oo

OERE
®

1. Reviev lsvel A and B projections and requirements for planning area. .
2. Reviev of documented physical land resources {soil stability and geological resources) in planning ares.
3. Reviev documented air and water quality in planning area. ’
b, Review documented ecological resources in planning ares.
5. Reviev documented culturally significant resources in planning area.
6. Reviewv other planning in ares.
7. Review RD and SWB planning by other entities.
d. Existing without plans inventory and evaluation of EQ components in planning area.
9. Set economic and population and land use projections in plenning area.
10. PFuture without evaluation of .
. B8Speec COMPO! y Gbjective for the planning ares.
12. Bvaluate NED resource capabilities without any plans.
13. Specify component needs of the NED objective for planning area.
1k, BQ planning aid report to NED formulation subteam.

15. BQ plan formulation. 2h, plan--SWE evaluation account.
16. ¥ED plan formulation. 25. Compensation peeds--for EQ Plan.
17. BEQ Plan--NED evaluation account. - 26. neation needs--for NED Flan.
18. ' EQ Plan--RD evaluation account. 7. s) formulation.

19. EQ Plan--S5WB evaluation account. 28. MOP--EQ evaluation sccount.

20. EQ Plan--EQ evaluation account. 29. MOP--KED evaluation sccount.

21. NED Plan--EQ evaluation account. 30. MOP--RD evaluation account.

22. NED Plan--NKED evaluation account. 31. MOP--SWB evaluation account.

23. NED Plan--RD evaluation account. 32. Selection of Reccsmended Flan.

FIGURE 11. Future Terrestrial EQ Component Evaluation Without
Any Plans (Activity #10)
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Yorm ¢ b

ALTERNATIVE PLAN EVALUATION BY PLANNING SEGMENT

Planning Area_ Onaca PAm ¢ ngs. Kawsag Date /2 —;4-7#
Alternative Plan A=~ NED Summarized by ‘7)'.‘“‘: CompiTTAS

Sheet IX-Y. ¥4 : Terresgtrial
Aquatic
Habitat | Existin | 2 Habi- jHabitat [Anmal J**Project Credits jAnnual Net
Componendfead  Acreage *Value ITotal tat  |Units |Habitat| from private to |Habitat Unita
by Plan- From|Adjusted| per |[Habi- | Units |[lost or [Units public land lost or
ning Seg Form jterrest- | Acre |tat lost or |gained jlost or| ownership. gained
ment #3 irial and Unit gained |per gained {credits Jadjusted }( = or +)
(Terd actual Value | per Acre in unit Jhabitat
only )} aquatic Acre (-or+) | (~ar+) |per units
acreage acre lost or
gained
per acre
(1) (2) 31 W (5) (6) (7) (8) 9 (10)
y.-]
wﬁ IT¥S L] 220
¥ - 148 9.8 (7% 4 25/
d 43 24 |02,

‘Nlo 2./ L2 fy‘ Exnnplf aF

a :u’.d' 52 | 30%S c”‘””a'ng

=TT CREEK REVERTING.

&;u,_zg‘ Q0 g0l — —
L OVER TiME Bck

ir.¢ £2 {14 4

s — e 7o NATHRNL
SIATE.

i

1082 | S¥ LfH2e

AFTER YEAR f’id MANNEL)2 £D &‘q[ﬂfjns CM;FG'RID '#*;IMU”“ 1X£D,

r g

* Taken from Form # 3
** Applie only to terrestrial evaluation

FIGURE 12. Example of the Future Without Any Coordinated Plan
Analysis of the Aquatic Ecosystem
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MAJOR ACTIVITIES OF WATER AND RELATED LAND USE PLANNING

Pre-Ptan Formuiation Activities

® QD)
O oo

1. HReviev lovel A and B projections and requirements for

Pian Formulation

Evaiuation

Plan Formulation

/]
PEREE
&

OO

RE
&
\

G

area.

Evaluation

Selection of Plan

planning
2. Reviev of documented physical land resources (soil stability and geological rescurces) in planning area.
3. Reviev documented air and water quality in planning area.
4. Reviev documented ecological resources in plamning area.
5. Reviev documented culturally significant resources in planning area.
6. Reviev otbher NED planning in area.
7. Reviev RD and SWB planning by other entitiles.

9. Set economic and population and land use projections in planning ares.

10.
1l. Speci

Future vithout plans evaluation of BQ components.
nt peeds of Envirommentsl

B vate NED resource capabilities vithout any plavs.

13.

Specify component needs of the NED objeciive for planning ares.

1k, EQ planning aid report to NED formulation subteam,

15.
16.
17.
18.
19.
20.
21.
22,
23.

EQ plan formulation.

NED plan formlation.

2Q Flan--KED evaluation account.
EQ Plan--RD evaluation account.
EQ Plan--SWB evaluation account.
EQ Plan--EQ ewvaluation account.
WED Plan--EQ evaluation account.
NED Plan--NED evaluation account.
NED Flan-«RD evaluation account.

FIGURE 13.

2k, WNED plan--SWB evaluation account.
25. Compensation peeds--for EQ Plan.
26, nsation needs--for NED Flan.
7. s) formilation.

28. MOP--EQ evaluation account.

29. M0OP--NED evalustion account.

30. MOP--RD evaluation account.

31. MOP--SWB evalustion account.

32. Selection of Recommended Flan.

Existing without plans inventory and evaluation of EQ components in planning ares.

ity Objective for the planning area.

Specification of Component Needs of Terrestrial EQ

Objective (Activity #11)
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MAJOR ACTIVITIES OF WATER AND RELATED LAND USE PLANNING

Pre-Plan Formulation Activities Plan Formutation Evatuation Pian Formulation | Evaluation | Selection of Plan

G AW
O oo

OO

1. BReviev level A and B projections and requirements for planning area.

2. Reviev of documented physical land resources (sofl stability and geological resources) in plamning ares.
3. Reviev documented air and water quality in planning area.

k., Reviev documented ecological resources in planning area.

5. Review documented culturally significant resources in planning area.

6. Review other NED planning in ares.

T. Reviev RD and SWB planning by other entities.

8. Existing vithout plans inventory and evaluation of BQ components in planning ares.

9. 8et economic and population and land use projections in planning ares.

10. Future without plans evaluation of EQ componenta.

1l. Bpecify component peeds of Envirommental Quality Objective for the plamning area.
12. Evaluate NED resource capabilities without any plans.
13. Specify component needs of the NED objective for planning srea.
1k, EQ planning aid report to NBD formulation subteam.
12. 5 M formulation.

. NED plan formulation.

17. EQ Plan--KED evaluation account.
18. EQ Plan--RD evaluation account.
19. EQ Plan--SWB evaluation account.
20. EQ Plan--EQ evaluation account.
21l. NKED Plan--EQ evaluation account.
22. KED Plan--KED evaluation account.
23. NED Plan--RD evaluation account.

KED plan--SWB evaluation account.
Compensation needs--for EQ Plan.
psation needs--for NED Flan.
MOP(s) formulation.
MOP--EQ evaluation account.
MOP--NED evaluation account.
MOP--RD evaluation account.
MOP--SWB evaluation account.
Selection of Recommended Pian.

BESBBIRRY

FIGURE 14, Terrestrial EQ Plan Formulation (Activity #15)
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MAJOR ACTIVITIES OF WATER AND RELATED LAND USE PLANNING
Pre-Plan Formulation Activities Ptan Formulation

Evaluation Plan Formulation | - Evaluation | Selection of Plan

® A-1D-19
O o oo

1. Reviev level A and B projuctions snd requirements for planning area.

2. Reviev of documented physical land resources (soil stability and geological resocurces) in planming sres.
3. Reviev documented sir and weter quality in plamning area.

L. Reviev documented ecological resources in planning ares.

5. BReviev documented culturally significant resources in planning ares.

6. Reviev other NED planning in area. .

7. Review RD and SVE planning by other entities.

8. Existing wvithout plans inventory and ewaluation of EQ components in planning area.
9. Set economic and population and land use projections in plamning area. X
10. Puture without plans evaluation of EQ components.
11. Specify component needs of Enviroomental Quality Objective for the planmning area.
12. Evaluate NED resource capabilities vithout any plans.
13. Specify component needs of the NED objective for planning ares.
14. EQ planning aid report to KED formulatiop subteaam,

15. BQ plan formilation. 2k, plan--SWB evaluation sccount.
16. NED plan formulation. 25. Compensation needs--for EQ Flan.
17. EQ Plan--NED evaluation eccount. - 26. tion needs--for NED Plan.
18. EQ Plan--RD evaluation account. 27. s) formulation.

19. BQ Plan--SWB evaluation sccount. 28. MOP--EQ evalustion account.
20. EQ Plan--EQ 29. - evaluat. account.
Plan [ 30. MOP--RD evaluation account.

N Plan--NED evs . 31. MOP--SWB evaluation account.
23. NED Plan--RD evaluation account. 32. Selection of Recommended Plan.

FIGURE 15. Terrestrial EQ Evaluation Accounts for NED, EQ,
and MO Plans (Activities #20, 21 and 28)
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Coming back to Form 4, Figure 16, it is now essential to calculate for
each alternative plan the habitat units (HU) lost or gained for each habitat

component by planning segment and target year as follows:

With regard to the Conservation Pool planning segment, note that 100 percent

of the terrestrial habitat unit value per acre is lost and the Forestlands
component of plus 8 HU/acre in column (3) changes to a minus 8 HU/acre in column
(6). The total HU lost is the product of the acreage in column (2) and the

HU lost per acre in column (6). Column (8) is a '"gift" which ranges on a scale
from 0 to 1 for converting private lands into public ownership in fee title.

In this example, the credit was 1 HU per acre, thus reducing the loss for the
Forestlands component from -8 to -7. The total net habitat units lost or

gained in column (10) is the product of the number of acres in column (2) and
the adjusted habitat units lost in column (9). Thus, the total number of

terrestrial habitat units lost in the Conservation Pool planning segment

total equals -31,360 habitat units.

In the Flood Pool planning segment, a loss of 50 percent of the HU per
acre is determined based on the effect of the five (5) to ten (10) year

flood frequency on terrestrial habitat. The total habitat loss in the Flood

Pool planning segment comes to -14,211 HU.

In the Above Flood Above Takeline planning segment, note that the effect

on the lands above the Takeline takes place in target year 25. 1In this
example, and estimated loss of ten (10) percent of the HU value within one
(1) mile above the Takeline was attributed to housing development around

the reservoir area.

The other planning segments evaluated are:

. Below Dam--Except Recreation Areas
. Recreation Areas Below Dam
. Recreation Areas Above the Dam

. Above Flood Pool to Takeline

Having completed the above, the next step is to calculate the total net
and annualized terrestrial HU lossed or gained between the '"with'" and "without"
plans analysis for each habitat component in the study area (Figure 17). First,

add all the gains and losses for all planning segments for each habitat component.
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Form # &

ALTERNATIVE PLAN EVALUATION BY PLANNING SEGMENT

Planning Area Onasa Dam es. nfas Date q//o/7¥
Alternative Plan - & Summarized byJos i rT¢
Terrestrial /

Sheet ! of 2

Aquatic 1/
Habitat Existing %X Habi- {Habitat |Total **Project Credits {Total Net
Componendfean Acresge *Value [Total tat Units [Habitat from private to Jhabit.: Ur
v Plan- From|Adjusted ] per }Habi- Units lost or jtrnits puklic land lost ~v
ring Seg Form|terre.t-| Acre |tat lost orlgained |lost or| owvrership. gained
rent #3 jrial and Unit gained |per pgained |[creditsjadjusted [{ = or +)
(Teryq actual Value | per Acre in unit jhabitat
only) aquatic Acre (-or+) | (~or+) |per units
acrecage acre lost or
gained
per acre _
(1) (2) (3 4) (5) (6) ) (8) ¢ (10)
Consevvatioh Pael:

_Foyest | O vy 2223] Po | 10484} — s 00h]|~ £.8 |-/o104 + ! - 7.0 il 4% 244
Crop 013293 3,651 1 €7 1ayyeal| - t008[-¢g.7 Fadgygr | +1 — §.7 |- 20,0/
_Beame | O] "ase 2771 4.2 Lie3 | - teoZ%l - 42 |- 51631 +4 - 3.2 |~ TP

(3 (=1 ¥ 3 73 1.4 sqo| = looZl~ 7Y |- sS40 + 1 - &Y ~_“4&7
iers § 46 7.2 3311 - /00%t- 2.2 |- a3, +1 —é.2 | - 225
TeTal 4n9p 5320 36,680 —3/,360
[-2=) tdol:
ForesT" | © 142380 JHoS | 9 | sa706} - coBl -~ 45 |~432n| +¢ ~ 35 ~ 4,9
CroP Q12,42 2,243 722 | /9,250 - sSo%l. 3¢ |- 9295 | +1 -~ 2.6 - (3
Breme | O} ¢l 693 S| 23] - so%]-23 j-4sv | + - .3 - 90/
irie O] 2 398 27 Jo26] - SeR!- 2% 1-,.873 | +1 - 2.9 = L1Ye
STreams | O L 4é 46 2.2 2| - SoZ|- 36 |- sep | +1 - 26 |~ s30
Tetal J4n6) Sago /9,490 -4,
Bbove Fbod|Abok tukelipe @
_Foxest_ 1281 §3S 929 9| pysyl - 0% i-p.9 |- p3é e - 0% | ~ P3¢
Crop 25| I4¢ 164 7.3 £,/97] - t0F]|-07 | = 5 ) -0 | = /s
Browae 1261 133 (48 4.6 el - 1o%i~o.% - 17¥ o - 0.5 - ¥
Praivie 12516218 5799 (.2 [29,923] - 106% 1 ~0.7 |-40859 ° - 0.9 | =406
_Steeams [261 2 7221 Ssgl - jeZl-0.7 | = __ & o - 0,7 ~
ToTul §3420 7,049 - £0%0 - S,0%0
Lelow fawmlcxcint Rec. fivegs)
Foyest | 0] 233 289 | 2.9 | 2096 o (<] e © ° o
Cyop o1 4n 532 2-2 | 3,820 ° ed -] (=] o o
Prairie | O] 208 232 78] L7ve o ° o o =] Q
_Sthreams (O] 12 1 7.2 222 [ ® 0 2] o 2]
Totlal 926! L0640 (<
and
& He |iniftral|eFfect|is ro, 74/s analysis displayy The |as5= )’ectv éffecT.

* Taken from Form # 3
** Applys only to tervestrial evaluation

FIGURE 16. Terrestrial Habitat Evaluation (Form #4), Net Habitat
Units Lost or Gained by Habitat Component and Plan-
ning Segment for Each Plan
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Form # b '

ALTERNATIVE PLAN EVALUATION BY PLANNING SEGMENT

) 4
Planning Area OV\QS& ngi Eg S, Idansg s Date //9/7‘)‘
Alternative Plan - NED Summarized bymn‘!ms,_

Sheet__gQ of 2 Terrestrial /X/
Aquatic i)
Habitat Existing Z Habi- [Habitat {Total [**Project Credits |Total Net
Cormponentfeay Acreace *Value [Total tat Units |Habitat] from private to {labitat Un
by Plan- rrotiAdjusted | per iHabi- | Units lost or finits public land lost or
ning Sey Form|terrc.ti-| Acre |tat lost or {gained |lost or ovnership, gained
ment #3 rial and Unit gained |per gained {credits jadjusted (( - or +)
(Terd actual Value | per Acre in unit |habitat
only ) aquatic Acre (-or+) | (-or+) jper units
acreage acre lost or
gained
per acre
(1 (2) (3 (4) (5} (6) (n (8) (9) (10)
Rec. A | : ‘
forest | o] 23 94 2-9 MY! ~25%| —~ 59|~ 55| + 1 =449 i £ 14
Cvop ol 161 123 2.2 L3I - 25R| -~ £Y |~ 957 -+ ) - 4.4 -~ Fo5
i (o] o 17 1.5 S5 - 75%] —~ &6 |- 437 + ! - 4.6 -
Tetal a0] 355 - ,9%0 ~L&25
ec. od| Peol®
fovesT |0} 92 102 9./ 98| -~ 25%| - L& |~ 49¥] +! - 5F - 592
Lrop 01123 1327 23] Leoe] ~ 7SR ~5.8 |- 2541 ! - 4.5 - 617
vyoral | O 14 lé 4.6 24| —~25R}—-3.85 |- ¢ + 7/ - 2.5 -4
irie | © 145y Sos) 6|3y - 75%| -850 | g5l +¢ -4 | _-~209/
a)_ 260 = 4080 - 3320
aMeline Yoxcopt Rec, Area)
FoyesT | ©) 193 25| 9| 4957 e ® o +/ L 2Y) +_ 25
Crop O 136} 290 7.3 1 2,07 © ° o +{ * 1o 7+ 290
Brome |O | 30 33| ¥¢6| ys2 ° ° ® hal + to | T 33
irie | ©1948| Lo72! (%] 2,29 -] o o +{ * 10 +/,072
ToTal L44e| 1610 o + 1,610
2,41

* Taken from Form # 3
** Applys only to terrestrial evaluation

FIGURE 16 (Continued)., Terrestrial Habitat Formulation (Form #43.
Net Habitat Units Lost or Gained by Habitat Component
and Planning Segment for Each Plan
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For example, under the Forestland component the HU losses by planning segment

are:
Conservation Pool. - 8,911 HU
Flood Pool . e e e e - 4;918 HU
Recreation Area Below Dam. - 461 HU

Recreation Area Above Dam. . . 592 HU
Above Flood Pool to Takeline . . + 215 HU

-14,667 HU

The algebraic sum of these losses and gains represents the initial
effect of the alternative plan, which in this case is a National Economic
Development (NED) plan for the Forestland component of the Terrestrial Ecosystem.
The loss in this example, as indicated above, is -14,667 Forestland HU during
the initial year of the plan. However, note that an additional loss of -836
Forestland habitat units occurred from housing development within one mile
outside the project takeline in target year 25. The effect on the Forestland
habitat units is represented by the area between the "with" (w/) and "without"
(w/0) projections of HU over the period of analysis. This area is calculated
in terms of habitat units by segment calculations as illustrated in Figure 17.
For example, the area of segment 1, a 90° triangle is simply length x width
divided by 2, while the areas of segments 2 and 3 are the products of length x
width for each rectangle. The algebraic sum of these segment areas represent
a total net loss in Forestland habitat units of -1,539,850 (HU). The average

annual loss over a period of 100 years is then -15,399 HU (habitat units).

The above series of calculations are then completed for the other habitat

components in the planning area with the following results:

Total HU Net Loss Annualized HU Effect
Croplands - -2,917,563 -29,176
Brome Pastures - - 185,875 - 1,859
Native Pastures - - 651,663 - 6,517
Rivers and Streams - - 41,025 - 410

With regard to the above classification "Rivers and Streams', the question
may arise as to why this classification should be included in the Terrestrial
Ecosystem? It is included, because by definition of this ecosytem evaluation
procedures includes values contributing to furbearers, waterfowl, marsh and

shore birds, amphibians, and so forth.
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FIGURE 17, Calculation of Total Net and Annualized Terrestrial

Habitat Units IL.ost or Gained
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FIGURE 17 (Continued). Calculation of Total Net and Annualized
Terrestrial Habitat Units Lost or Gained

-187-



Form 5, Figure 18 provides for a display of effects by target year on a
comparative basis between the w/ and w/o plan conditions for all plans. Note
that the accumulative net change by target years, the annualized value, and
the with and without analysis of effects were transferred from Figure 17 to
Figure 18, Form 5. For example, note that under the Forestlands habitat
component, the initial year loss effect was -14,667 HU which algebraically
added to +37,098 HU of Forestlands equals +22,431 habitat units remaining
in year zero. The loss of an additional -836 HU in target year 25 further
reduces the Forestland habitat units to +21,595 resulting in an overall net
loss of -1,539,850 or an average annual loss of -15,399 HU. Similar data
is transferred to Form 5 in the same manner for each of the other habitat
components of a given alternative plan under evaluation. In addition, the
terrestrial ecosystem evaluations are also computed for Plan B, Plan C and

Plan D.

Form 6, Figure 19 is a Habitat Unit Summary Comparison Table. The total
net HU losses and annualized values are transferred from Form 5 to Form 6 and
thus in a single table are displayed the effects of each alternative plan on
the terrestrial ecosystem. Summarizing in terms of HU lost or gained by each

plan is as follows:

. Plan A which is an NED plan shows a total loss of -5,335,976 HU.

. Plan B, an optimized EQ plan with almost triple the planning
area, indicates a total gain of +13,139,890 HU.

. Plan C, which is still an EQ plan but is restricted to the same
acreage as the NED and MOP plans for comparative purposes,
indicates a total gain of +3,657,325 HU.

. Plan D or the Multiple Objective Plan (MOP) shows a total less
of -3,977,250 HU.
This whole process described above for the terrestrial ecosystem is repeated

for the Aquatic Ecosystem. Form 6, Figure 20 is a Habitat Unit Summary Comparison

Table for the Aquatic Ecosystem. Note the gain in habitat units for the
reservoir habitat type while a loss occurs in the creek and tributary habitat-
types in Plans A and B.
2. Description of Ecosystem Relationships and Effects on
Endangered Species
In addition to the habitat unit evaluation of the Terrestrial
and Aquatic Ecosystems, a narrative description should be recorded on the

expected effects of each plan on ecosystem relationships including irreversible
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FIGURE 18.

Terrestrial Habitat Evaluation (Form #5), Summary
of Total Net and Annualized Habitat Units Lost or

Gained by Habitat Component for All Plans

-189-



P R ——
S8E 75077 + /b — er'yr- &5 Wi~ “1VA Paa]l¥huuY-@ NV1d
~ - « 997 . "
" " - ~ " o5
v T LN ED Zo0IE - TIE K7 - 37 :ﬂ 1981e2
= &~ 98797~ hET - 0 _71eak yerisol
SEE Foyy + i1 4 4] TeSUSTTeS TEITIR
£q dym a8ueyd
13U IATIBTNENIOY
. I3 - Ll [L24 m "
:. - " «“ ' 7 " "
" " " m T,
.: [7E N 876 [ b3d 33T B4 L«Mr ..o&.-.. -
] FILRT [ {14 g 1ead TEIITUI
=S4t w4 ——F0W =0 avu
" - * " ve " " “ “w ool " "
" " “ " " " " " " .“ \ﬂ.h " uw
- “ [ n " “ " [ " v O.W\ h M y
h " ., i [ B .. " » " S u-o 39 :
T AT N Y ST YA T A AT I.IP> |||P|::u ::_mjm
ISATRPUY u?O“ “B u
7.5 Zer 5T B~ * > IS4 poZrIenuLY-D NV1d
" X3 0 L . “ N “ " "w
- m ) s - (<21 M “
) + " ) o > “ “
e LOSITF 9 T M 3 aeak 1981w3
85 + LICT7 » [0 T+ (2308 - BN B I 4 0 3ead [9IIFUL
Juauoduod 3e3ITqRY
£q d/a Bueyd
330 BATIRTNWNIDY
- ' - - B o " i B f o¢7 ., "
L i ” ud " s ] “ ) " ] “ “
- . i i " " " n " x4 " "
" o :u\k " " m " - \ - avak 1981e3
706 |l | &FEEL [ 88707 o CER AL AL AAZINED Teak 19T3ITUL
mw Popal - nvd
. - M “ - 2 - - 2" - ““M " "
" " " " Ay " u . “ " h.‘ " "
» W " “ N i .. o W o X " n
- " " 0 T ™ o " M 0 ST aeak 981wy
179 BR VY AN ETTX 2 A Y BRES AR N AR ) 5 0 (lih ivad yeRatul
STSATEIV IROYITA-) NVIL
INTVA INTEA Ingep INTUA INTEL INTEA anTep ELYTIN INTeA]
Irun Irun IFUN run run 37un U IFun TV, WMy
1'31qwy [ea10y fiearqel [e91ov heayqey | saxov) 1eatqeyy | o310y hwayqel | 9210v] 18ITqey | 9210V helTqey paidy hwarqey E21oy| 3eiyqeyy 5319V [wotILTRUYy
Trioy tei0] 1ei101 18301 1e30] 18301 18301 1101 1e10
T Sy Sy sA W] owWoxg SPUBAITT [ 3PUv/ 153104
SININOINOD IVIIEBVH
&wl\ sj3enby
TeF3383233] nrmk Il 2 " 7 = & Aq patyduo)
a38q SPSUDY :uﬁ% w UQ JUMGQQ waly Bujuuely

S § miog

FL/FY

NOILYOTVAZ LVLIAVH J11VNDV - TVIMLSIWHIL

Terrestrial Habitat Evaluation (Form #5),

FIGURE 18 (Continued).

d Habitat Units Lost

ize
or Gained by Habitat Component for All Plans

.

Total Net and Annual

Summary of
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Form # 6.
HABITAT UNIT SUMMARY COMPARISON TABLE

Planning Area: Onaga Dam § Reservoir, Kansas Date: 4/19/74

Summarized by: Joint Committee
Terrestrial /7 '

Aquatic 7

Effect of Plan

Habitat Anpualized

Component by Ket Habitat| iabitat

Alternative |}Acreage! Unit Loss Unit Loss

Plans or Gain or Gain
1) {1a)} (2)

Alte tive
nanf - NEO

i

*+¥Total -
Alterpngtiv
Planj§ =

. 4
Fotd #9232 13,139, €50 ﬂ;;’_l_g__i

Alterrative

12, 462, 30,018

Ricers § Shaoy

*Total ‘

b

Alternttive
Plan -

**The component habitat unit values are only additive for the
calculation of mitigation needs when one of the following
conditions exist: (1) An exception to the General Policy of
mitigation in-kind or (2) The frequency distribution of
habitat components in the lands proposed for mitigation
purposes are comparable to those in the project area where
the losses occurred.

FIGURE 19. Habitat Unit Summary Comparison Table Displaying
the Effects of Alternative Plans on Terrestrial
Ecosystems
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Figure # 6.
HABITAT UNIT SUMMARY COMPARISON TABLE

Planning Area: Onaga Dam § Reservoir, Kansas Date: 4/19/74
Summarized by: Joint Committee

Terrestrial [/
Aquatic X7

ETTect of Plan

Habitat Arnualized

Component by Net Hubitat Habitat

Alternative Acreage] Unit lLoss Unit Less

Plans or GCain or Gain
(1) (1a) (2)

Alternative
Plan

*%Tots) S et

Alternative

vt e

Alternative

Plan (L =
42 o -
.0—3 56 - o
Alternative
Plan P

; iasd] +710 -mng
[ = /D0 = | 1.4

“rgetal, 2133 o

**The component habitat unit values are only additive for the calculation
of mitigation needs when one of the following conditions exist: (1) An
exception to the General Policy of mitigation in-kind or (2) The frequency
distribution of habitat components in the lands proposed for mitigation
purposes are comparable to those in the project area where the losses
occurred.

***Does not include reservoir acreage.

FIGURE 20. Habitat Unit Summary Comparison Table Displaying the
Effects of Alternative Plans on Aquatic Ecosystems
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commitments of ecological resources as well as the expected effects of each

plan on plants or animals endangered or threatened with extinction.

D. Culturally Significant Resources

1. The Principles and Standards (p. 34) define archeological

and historical resources as the:

'"Management, preservation, or enhancement of especially
valuable or outstanding archeological, historical
resources S
A rigorous w/ and w/o plan analysis requirement of the P§S will apply in

detail to the EQ components and evaluation parameters of the Archeological

and Historical Resources developed by the National Park Service as follows:

Since few areas of the Nation have been adequately surveyed for
historical and/or archeological resources, simple econsultation of lists of
currently identified resources seldom will constitute sufficient investigation
of the affected environment. Nonetheless, such lists of known resources
should be the starting point for any assessment of effects. These lists
include: (a) the National Register; (b) those nominated to or determined
eligible for inclusion in the National Registeg, including those properties
under Federal jurisdiction or control that must be nominated to the National
Register pursuant to Section 2(a) of Executive Order 11593; and (c) other
properties of historical and/or archeological significance, including those
identified by appropriate State and local officials. Explanation and
documentation should be provided in each case for those cultural resources

professionally determined not to meet the National Register Criteria.

Early contact should be established with the Office of the State
Historic Preservation Officer and reference should be made to the latest

draft of the State Plan for Historic Preservation.

An archeological reconnaissance may be necessary to determine the
existence and extent of surface of sub-surface resources. Field surveys and
documentary research by historians, including architectural historians, may
also be necessary to identify and evaluate certain other cultural resources.

If any such resources are discovered, this reconnaissance survey should be
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followed by a more intensive examination to identify categories present and to
evaluate their significance. There is an extensive range of possibilities of
such historical values and data categories. For example, structures may embrace
particular historical architecture or construction styles and techniques which
should be identified; a structure or place may have associative values; and an
archeological site may contain deeply stratified refuse, certain types of food
remains, characteristic artifact assemblages, etc., which also should be

identified.

Consultation with State, local, or university historians, archeologists,
and/or architectural historians, with professional or regional organizations;
with government agencies exercising program responsibilities or possessing
special competence related to cultural resources; or with other individuals
or groups informed about the cultural resources of a project area is usually
necessary so that an accurate statement of resource significance may be given.

An evaluation should also be made on the regional integration of the individually
identified properties and values into a broader assessment of significance, and

of interpretive and research potential.

With the above historical and archeological resource data for a given
planning area, evaluation of the effect of any given alternative plan on
identified properties should include careful consideration of the following:
(a) adverse effects arising from destruction or alteration of all or part of
a property, isolation from or alteration of its surrounding environment, or
the introduction of physical, visual, audible, or atmospheric elements that
are out of character with the property and its setting; (b) the cumulative
impact of the proposed action upon the property, taken in consideration with
impacts from other sources; (c) secondary or indirect impacts resulting from
associated activities induced or promoted by the proposed action which may
have a more substantial long-term impact on the property; (d) unavoidable
adverse effects of the proposed action on the property, recognizing that
this is an irreversible and irretrievable commitment and recognizing the
unique and nonrenewable nature of such properties; and (e) the relationship
between local short-term uses of the property and the long-term preservation
and enhancement of the property, indicating to what extent long-term considera-

tions of preservation and enhancement are foreclosed by the proposed action.
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Adverse effects upon these resources may be cumulative. Progressive
destruction of a characteristic category of cultural resources (for example,
all archeological sites on a river floodplain, or all 17th century Dutch
farmsteads) may seriously impair future opportunities for scientific
research or preservation of our cultural heritage. Adverse secondary
effects, from impacts on existing community facilities and activities, from
new facilities and activities, or from changes of natural conditions, may
often be more substantial than the primary or direct effects of the proposed
action. For instance, will construction of a water control structure alter
downstream flow patterns so that cultural resources situated beyond the

project area will be destroyed by new or accelerated bank erosion?

Destruction or alteration of cultural resources, and consequent
reduction of opportunities for future research or preservation, constitute

an irreversible and irretrievable commitment.

Professional recommendations for mitigation should describe efforts that
will be made to prevent or minimize loss of or intrusion upon cultural resources.
Where destruction of such resources is unavoidable, the statement should explain
intended measures to recover archeological and/or historical data. Such
measures may include recording by photographs and measured drawings of cultural
resources about to be lost or altered; archeological excavation to recover data
and materials; removal of structures or salvage of historical architectural
components; or othef steps that will ensure full knowledge of the lost resources.
The measures should ordinarily include provision for publication of information
thus gained and initial deposition of artifacts and materials in a repository
where they may be of public and educational benefit. There should be as many
recommendations for minimizing impact as there are project alternatives which
pose different situations. The foregoing identification, analysis of effects
and recommendations for mitigation are required also for compliance with the
"Procedures for the Protection of Historic and Cultural Properties" (36 C.F.R.

Part 800) prior to implementation of any mitigation actions.
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2. Areas of Natural Beauty are defined in the Principles and
Standards (p. 33) as:

"Management, protection, enhancement, or creation of areas
of natural beauty and human enjoyment such as open and green
space, wild and scenic rivers, lakes, beaches, shores,
mountain and wilderness areas and estuaries'.

In addition to the linear, quantitative measurement effects of alternative
plans on areas of natural beauty mentioned above, three basic aesthetic criteria
of the natural environment are unity, variety and vividness. High quality
natural landscapes are unified and possess an abundance of variety and vividness.
Low quality landscapes lack these elements. Accordingly, specific probable
effects of plans on unit variety of natural ingredients, and vividness in a

landscape should be identified and described under appropriate headings.

The probable effects of plans upon visual qualities are related to the
scale of the planning project. Level A and B study plans cover vast areas
and assessment of their effects on regional landscapes must be approached
on a "broad brush'" basis. On the other hand, Level C studies normally
cover smaller areas so the assessment of their effects on landscape values

would be more detailed:

Some elements that could be used to evaluate Level B or C planning of
landscapes are:
Linear elements which are natural elements flowing in a
straight line such as ridge lines or canyon walls.
Area elements involving large surface areas.
Mass elements such as a large even-textured rock cliff.

Point elements across the landscape which are unique,
singular, and eye-catching.

Color and texture.
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II. A Case Example of an:
(1) Abbreviated NED-EQ Evaluation Account:
(2) An Abbreviated EQ Plan and
(3) Evaluation Account

In the preceding pages the measurement of effects of alternative plans
on components of the environmental quality objective were discussed. The

components were: the physical land resources (soil stability, geological

resources), air and water quality, ecological resources and culturally

significant resources (historical and archeological resources and areas of

natural beauty). Special attention was given to the ecosystem relationships
and to the use of a common denominator called '"*habitat units" (HU) as a unit
of measure for each ecosystem. The above discussion is helpful to an
understanding of the following abbreviated case study example of the EQ
evaluation accounts and and EQ plan for the Onaga Dam and Reservoir flood
control project in Northeast Kansas. The case example inadequately treats
the culturally significant resources in terms of the methodology present in

the preceding section.

Plan A: NED-EQ Evaluation Account
(Part 1)

A. Physical Land Resources

1. Soil Stability: General soil erosion control in the Vermillion
Creek drainage was not treated in Plan A formulation. The reservoir would,
however, act as a 1érge sediment trap for the drainage area, and to some
degree, it would reduce the downstream sediment load. Some scouring of the
lower portion of Vermillion Creek below the dam would still occur. Initially,
some soil erosion would occur in the reservoir from wave action, particularly
on the southeast shoreline. However, because of intensive limestone out-
croppings which border the valley, this erosion would be expected to stabilize
rather rapidly. Dﬁring reservoir drawdown periods, esthetically undesirable

mud flats would be exposed.

2. Geological Resources: The planning area is characterized by limestone
ridges of the Permian and Pennsylvanian Age. The Nemaha anticline, a major
post-Mississippian upwarping of bedrock strata, transverses the valley. 1In
these geological formations are found sand, gravel, oil, and coal but, they
are not commercially exploited in the planning area. The only geological
change expected is gradual exposure of the limestone ridges around the edges
of the reservoir due to wave action.
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B. Air and Water Quality Standards

1. Air Quality: Violation of air quality standards is not expected to
be a significant problem. Some unavoidable air pollution will occur from

heavy equipment exhaust fumes and burning in the conservation pool.

2. Water Quality:

a. During construction of the dam and the clearing of brush and
timber in the conservation pool, fifteen miles of Vermillion Creek and five
miles of tributary streams will suffer significant turbidity and silt loads.
These will be carried downstream in the Kansas River from the mouth of
Vermillion Creek.

b. Plan A provides for an augmented minimum flow of 5 c.f.s. below
the dam. No significant changes in temperature, dissolved oxygen, or
mineralization is expected in the reservoir releases. The outlet works
will include multi-level intakes below the surface of multi-purpose pool,
so that selected lake waters can be taken to maintain the above controls.

c. Silt storage in the reservoir was discussed under physical land
resources. After project construction due to reservoir sediment entrapment,
silt and turbidity inflow to the Kansas River will be reduced.

d. When the ground water zone is recharged from reservoir construction,
the water table could raise. However, increased water utilization from
increased development around the lake could reduce this marginal rise in
water table. Also, if impervious barriers are not present, any pollutants
from sewage, etc. that enter the ground water aquifers could reach the lake.
These problems were not adequately treated in formulating Plan A.

e. Plan A does not address the problems of the town of Onaga's
effluent drainage into Vermillion Creek and pollution associated with

livestock operations along Vermillion Creek and its tributaries.

C. Ecological Resources - Plan A (NED)

1. Terrestrial Ecosystems: The effects of Plan A are expressed in

wildlife habitat units.
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Habitat Component Net Annual
by Acreage Wildlife Habitat Units
Project Segment Lost or Gained
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(- or £)
Conservation Pool
Forestlands 1,273 - 8,911
Croplands 3,651 - 20,811
Brome Pastures 277 - 866
Native Prairie 73 - 467
Streams 46 - 285
Sub-Total 5,320 *_ 31,360
Flood Pool
Forestlands 1,405 - 4,918
Croplands 2,743 - 7,132
Brome Pastures 693 - 901
Native Prairie 393 - 1,140
Streams 46 - 120
Sub-Total 5,280 *. 14,211
Below Dam (except Rec. Areas)
Forestlands 259 0
Croplands 532 0
Native Prairie 232 0
Streams 17 0
Sub-Total ‘ 1,040 0
Rec. Area Below Dam
Forestlands 94 - 461
Croplands 183 - 805
Native Prairie 78 - 359
Sub-Total 355 *. 1,625
Rec. Areas Above Flood Pool
Forestlands 102 - 592
Croplands 137 - 617
Brome Pastures 16 - 40
Native Prairie 505 - 2,071
Sub-Total 760 *. 3,320
Above Flood Pool to Take-Line (except Rec. Areas)
Forestlands 215 + 215
Croplands 290 + 290
Brome Pastures 33 + 33
Native Prairies 1,072 + 1,072
Sub-Total 1,610 *+ 1,610
Above Flood Pool & Above Take-Line Within 1 Mile
of Conservation Pool for Target Year 25
Forestlands 929 - 836
Croplands 164 - 115
Brome Pastures 148 - 74
Native Prairie 5,798 - 4,059
Streams 8 - 6
Sub-Total 7,047 *. 5,090



Grand Total--Terrestrial

Total Net Annualized
Habitat Wildlife B.U. H.U. Valugs
Lost or Gained Lost or Gained
Comzonent Acres

(- or 4) (- or £)
Forestlands 4,277 -1,539,850 -15,399
Croplands 7,700 -2,917,563 -29,176
Brome Pastures 1,167 - 185,875 - 1,859
Native Prairie 8,151 - 651,663 - 6,517
Streams 117 - 41,025 410
Total 21,412 -5,335,976 *-53,361

*The wildlife habitat unit values are only additive for the calculation of
mitigation needs when one of the following conditions exist: (1) An exception
to the general policy of mitigating in-kind, or (2) The frequency distribution
of habitat components in the lands proposed for mitigation purposes are
comparable with those in the project area where the losses occurred.

2. Aquatic Ecosystems: The effect of Plan A will be expressed in

aquatic habitat units.

Habitat Component Net Aquatic Habitat
By Project Segment Acreage Units for Years 0 - 50
- (- or £)
Below Dam .
Channelized Creek (01) 14.2 4 14.2
Unchannelized Ck. (02) 3.1 £ 6.2
Conservation Pool
Unchannelized Ck. (02) 36.4 - 207.5
Tributary Streams (03) 9.4 - 50.8
Flood Pool
Unchannelized €Ck. (02) 28.4 - 68.2
Tributary Streams (03) 18.1 - 38.0
Farm Ponds (05) 1.0 - 1.0
Above Flood Pool
Tributary Streams (03) 108.7 0
Reservoir (04) 5,320.0 420,616.0
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Grand Total--Aquatic Ecosystem

Annualized
Total H.U.
Year 0 - 50 Year 50 - 100 Net H.U. Values Lost
Acres Net H.U. Acres Net H.U. Loss or Gain or Gained
(- or £) (- or #) (- or #) (- or £)

Channelized

River (o) 14.2 £ 14.2 - - £ 710 4 14.2
Unchannelized

River (02) 67.9 - 269.5 82.1 - 255.3 - 26,240 262.4
Tributary

Streanms (03) 136.2 - 88.8 136.2 - 88.8 - 8,880 88.8

Reservoir (04) 5320.0 +£20,616.0 5320.0 #£ ,616.0 £ 2,061,600 £20,616.0
Farm Ponds (05) 1.0 - 1.0 1.0 - 1.0 - 100 1.0

It was assumed that the channelized stream portion below the damsite would
continue to meander, without the project, and after 50 years would return to a
natural stream condition equivalent to that of the unchannelized portion. With

the NED plan, the channelized segment was considered as an unchannelized segment
after 50 years.

3. Special Ecosystem Relationships and Irreversible Commitments of

Ecological Resources: The original native tall grass prairie was historically

found in eleven midwestern States. At the present time, the Flint Hills of
eastern Kansas and a small extension into Oklahoma contain the only significant

remnant area of native tall grass prairie in North America.

The greater prairie chicken, Tympanuchus cupido pinnatus, originally

flourished in the taller climax grasslands of the eastern great plains.
However, as the native grasslands disappeared, the population dwindled. The
bird is currently limited to several small isolated populations in Michigan,
Wisconsin, Illinois, and the grasslands of southern Manitoba and northwestern
Minnesota. A small declining population exists in North Dakota and another
small population is holding its own in Missouri. The bird is hunted in South
Dakota, Nebraska, Kansas, and Oklahoma. It is only in these States that the

bird is considered safe.

The heart of the greater prairie chicken range 'is in the bluestem
prairies of eastern Kansas. It is a zone of tall grass native prairie

interspersed with croplands, associated woody draws and flinty, limestone
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hills. Three-fourths of the greater prairie chicken population in North
America is found in Kansas, where in the Spring, population densities
approximate 15 per square mile. This is compared to a population density

in South Dakota of 2 to 4 per square mile.

Geographically, the planning area is located in a remaining portion
of the native tall grass prairie in North America. The majority of the
grasslands lie above the conservation pool. However, 466 acres will be lost
in the reservoir area. A significant loss of prairie chicken habitat will
be the irreversible commitment of 6,400 acres of croplands due to inundation.
Croplands provide an important food supply for the prairie chicken during
severe winter months. The most significant impacts on the grasslands would
occur within one mile above the project takeline because of private
developments. An estimated 10 percent of the existing terrestrial HU outside

the takeline would be lost to such development.

In addition to grasslands, a total of 1,273 acres of forestlands,
3,651 acres of croplands, and 277 acres of brome grass pasture would be
irreversibly lost to permanent inundation. Another 1,405 acres of forestlands,
2,743 acres of croplands, and 693 acres of brome grass pasture would be
periodically inundated. Those habitat acreages below the 10 year flood

storage frequency would be nearly 100 percent lost.

The energy center proposed by the Kansas Power and Light Company
would be situated just east of the Onaga reservoir site in the adjacent
drainage. Approximately 5,400 acres of additional native grasslands would

be lost by the proposed energy center.

The completion of Plan A would also cause the loss of approximately
15 miles of free-flowing Vermillion Creek and 5 miles of tributary streams.
An additional 13 miles of Vermillion Creek and 9 miles of tributary streams
in the flood pool would be periodically inundated along with their associated

fauna and flora.

4. Rare and Endangered Species: At this time neither the State of Kansas

nor the U.S. Department of the Interior recognize any species of fauna or

flora in the planning area that are threatened with extinction.
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D. Culturally Significant Resources

1. Archeological Amenities: There are 96 known archeological sites

within the project area. Many will be permanently inundated and lost
forever because of the accelerated rate of decomposition. Damage to those
sites at or slightly above conservation pool would also occur due to wave
action and siltation. Sites above the flood pool may be adversely affected

by increased human development, activity, and vandalism.

2. Historical Amenities: Historical sites within the project area

include two gristmills of pre-1900 vintage, a Potawatomi Indian house from
about 1850, two old cemetaries located below the damsite, and old grotto
adjacent to another cemetary located in the flood pool, and the Vieux
Crossing of Vermillion Creek on the Oregon Trail. Both gristmills and the
Potawatomi Indian house would be inundated unless relocated. The two
cemetaries and the grotto would be degréded due to increased human visitation

and vandalism.

3. Areas of Natural Beauty: The native tall grass prairie that remains

in the Kansas Flint Hills and a small portion of Oklahoma is a unique area
of natural beauty. The project area lies within this native grassland
region. Approximately 55 percent of the area influenced by the project

is native grassland.

Plan A. would create a 5,320 acre reservoir in a rich agricultural
valley which is surrounded by native bluestem grasslands with associated
wooded draws and limestone outcropped hills.

The proposed reservoir at multipurpose pool level of 5,320 surface
acres would permanently inundate 1,273 acres of forestland, 3,651 acres of
cropland, 277 acres of brome grass pasture, and 73 acres of native tall
grass prairie. An additional 1,405 acres of forestland, 2,743 acres of
cropland, 693 acres of brome grass pasture, and 393 acres of native tall
grass prairie would be periodically inundated at the full pool level of
10,600 surface acres. These habitat acreages below the 10 year flood
storage frequency would be nearly 100 percent lost, and the area above
would display soil erosion problems and esthetically undesirable mud flats.

Approximately 10 percent of the area influenced by the project

above the takeline would be completely lost to commercial and residential
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developments by year 25. This would include 929 acres of forestland, 164
acres of cropland, 148 acres of brome pasture and 5,798 acres of native
tall grass prairie.

The downstream area below the dam will have a reduced sediment
load due to the reservoir acting as a giant sediment trap. The quality
of water downstream and hence entering the Kansas River will be of higher
quality. However, some scouring would occur downstream increasing the

possibility of bank erosion.
Plan A: Abbreviated EQ Plan
(Part 2)

This plan calls for the development and/or the protection and preservation
of the natural physical, biological, archeological and historical resources on

59,732 acres in the Vermillion Creek Valley in northeastern Kansas.

A. Physical Land Resources

1. Soil Stability: Approximately 82 percent of the Vermillion Creek

Valley bottomland is in agricultural crops. Another 10 percent is in pasture
with the remaining acreage in bottomland hardwood forest. The Pottawatomie
County Soil Conservation Service personnel indicate that only 30 percent of
the land in the Vermillion Creek valley has adequate soil erosion controls.
Much of the cropland extends to the banks of Vermillion Creek and its
tributaries. The soil erosion rate for the Vermillion Creek cropland is
approximately 18 tons per acre per year. Cattle and hog lots located on the
stream banks cause a significant loss of soils through bank erosion. The
primary objective of the soil conservation plan is to reduce the soil erosion
rate to less than 4 tons per acre per year for agriculture cropland and to

less than 1/2 ton per acre per year for pasture and native grasslands.

a. Cultivated land erosion control:

(1) A total of 881 acres of cropland will be converted to
native grass buffer strips between stream banks and croplands. This includes
the development of meandering grass strips approximately every 1/4 mile
through the valley bottom croplands. As a benefit to wildlife, in most
situations native forbs and legumes would be encouraged. Where grassland

strips serve as grassed waterways, substitute plans species may be necessary.
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(2) Croplands with a greater than "X"% slope and containing
intermediately erodable soils would be terraced, retired from cultivation,
or the land use practices changed to crops that are more compatible with good

soil conservation practices.
b. Stream bank erosion control:

(1) Eroded stream banks located in livestock feed lots would
be fenced to exclude livestock and seeded to native prairie grass and brush

to stabilize the soils.

(2) Stream bank erosion occurring elsewhere would be slowed
by willow plantings, physical barriers, and/or the topping of those trees

that are contributing to the bank sloughing problen.
¢. Range and pasture ercsion control:

(1) Regulate numbers and distribution of livestock to protect

against soil erosion resulting from over-grazing.

(2) Develop strategically located headwater ponds in eroded
areas to trap erosion sediment. These special ponds would also aid in the
distribution of livestock for more even range utilization especially when

salting stations are located in the proper juxtaposition to the ponds.

2. Geological Resources: The planning area is characterized by

limestone ridges of the Permian and Pennsylvanian age. The Nemaha anticline,
a major post-Mississippian upwarping of bedrock strata, traverses the valley.
In these geological formations are found sand, gravel, oil, and coal. However,

they are not commercially exploited in the planning area.

Since significant exploitation of the geological resources is not
expected, programs of the EQ plans are not directed toward preserving these

resources.

B. Air and Water Quality Standards

1. Air Quality: No significant air pollution problems were found in

the planning area.

2. Water Quality: The primary objective is to increase the water

quality of the Vermillion Creek drainage to meet the water quality standards
of EPA and the Kansas State Board of Health.
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a. Enforce water pollution laws

(1) The fecal coliform counts immediately below the Onaga
municipal sewage effluent discharge would be reduced from a moderately high
level of 75,000 per 100 ml to 200-400 per 100 ml.

(2) Runoff from livestock feedlots would be controlled to

meet EPA and Kansas State Department of Health standards.
(a) Provide settling basins (livestock owners).

(b) Provide proper fencing of stream and stream

banks (livestock owners).

(3) Minimum stream flow data in the drainage would be
established. Water use from streams would be controlled during periods

of critical low stream flow.

(4) The high phosphéte—phosphorous at "Z" (level) would
be reduced to "X" (level).

(5) The high manganese at "X" (level) would be reduced
to .05 ppn.

(6) The high hardness at 200-300 ppm would be reduced
to 150 ppm.

b. Turbidity in Vermillion Creek and its tributaries is 15-50
Jackson Units. The Plan B - EQ would reduce turbidity during intermediate

flood flows to 20 Jackson Units.

(1) Arrest stream turbidity caused by soil erosion from

terrestrial sources.

(a) Control soil erosion from cultivated land. A
total of 881 acres of croplands would be converted to native prairie
grassland strips as quasi sediment traps between the streams and croplands.
Included in the 881 acre conversion of croplands would be the development
of meandering native grassland strips approximately every 1/4 mile through
the valley bottom croplands. Where feasible as a wildlife benefit, forbs

and legumes would be encouraged. Where the native grassland strips serve
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as grassed waterways, a substitution of plant species may be necessary.
Also, those croplands with greater than "X"% slope and containing
intermediately erodible soils would be terraced, retired from cultivation,
or the land use practices would be changed to crops that are more compatible

with good soil conservation practices.

(b) Control livestock caused soil erosion. Eroded
stream banks located in livestock feedlots would be fenced to exclude
livestock and seeded to native prairie grass and brush to stabilize the
soils and to benefit wildlife. Also, regulate the number and distribution
of livestock to control over-grazing. Over-grazing contributes to the

problems of soil erosion and stream turbidity.

(c) Develop stategically located headwater ponds to
trap the sediments in the general vicinity where the erosion is occurring.

This would also help in regulating livestock distribution.

(2) Stream bank erosion caused by stream currents would
be slowed by the'devélopment of willow plantings, physical barriers, and/or

topping of trees that contribute to the stream bank sloughing problem.

C. Ecological Resources

1. Terrestrial Ecosystems:

a. The primary objective of the planned terrestrial ecosystem
development is to increase the carrying capacity of the greater prairie
chicken habitat approximately 60 percent. The following steps would be
taken to accomplish the objective of developing an intensive prairie

chicken habitat management program.

(1) Enlisting 80 percent of the prairie grassland owners
into a cooperative grassland management program, and

(2) Developing an extension bulletin that outlines the
economic benefits of intensive grassland management and the contributions

of this management to the EQ plan emphasizing the following aspects:

-Range condition and utilization vs. beef production
-Range condition vs. prairie chicken populations

-Range condition vs. other wildlife populations
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-Range condition vs. soil stabilization and water quality

-Pictorial index to range condition

(3) Enter into legally binding 100-year cooperative grassland
management programs with grassland owners by:

-Contacting all grassland owners and selling a cooperative
grassland management program, and

-Having grassland owners sign cooperative agreements.

(4) Execute a cooperative agreement emphasizing:

-A program to regulate livestock numbers and/or distribution
to increase plant vigor and species Jdiversity of native grasses and forbs.
Regulated grazing would also increase long-range economic returns to the
livestock operators in terms of beef production. Observations of the planning
area indicate that under present grazing practices from 50 to 75 percent of

the native grasslands are being over-utilized.

-Employment of a system of controlled burning except on
approximately 3,160 acres of grassy draws to control plant diversity and
improve plant vigor. This practice would be cost-shared by Federal and
State governments. Burning during the early part of April would produce
the highest percentage of forbs and remove the dense accumulated ground
litter. The prairie chicken population depends on grasses and forbs in
the summer and fall for about 85 percent of its food supply. Insects

(grasshoppers) make up the remainder.

-Provide an additional critical winter food supply for prairie
chickens on 294 acres of strategically located croplands purchased in fee
title. Sorghum and corn crops would be planted annually and left unharvested.
In addition, provide 20 acres of strategically located food plots located in

the grasslands planted annually and left unharvested.

(5) In conjunction with the EQ prairie chicken habitat
improvement program would be the vigorous enforcement for the protection

of the prairie chicken,
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(6) Develop a comprehensive greater prairie chicken management
handbook emphasizing the life history, distribgtion, and life requirements,

population dynamics, habitat management, and population management.

b. The first terrestrial ecosystem objective subordinate to the
primary objective is to increase the habitat carrying capacity for bobwhite
quail by 30 percent and rabbit by 20 percent. The steps to accomplish this

objective are:

(1) The controlled burning of the grasslands under the prairie

chicken habitat management program will also benefit these species.

(2) Under the prairie chicken habitat managment program the
295 acres of crops left unharvested in the bottomlands and the 20 acre food

plots planted in the uplands would benefit both quail and rabbit.

(3) A total of 3,160 acres of grassland draws or ravines would
not be burned allowing brush to invade the grassy draws. Cattle would be
inclined to utilize the stimulated grass forage on the hill tops, which would
further accelerate the invasion of brush in the draws. The brushy draw habitat
would provide escape and roosting cover and a supplemental winter food supply

for quail and rabbit.

(4) A total of 881 acres of croplands would be converted to -
native grassland strips along the creek and tributaries and along the edges
of some of the bottomland hardwoods. As outlined under the soil stability
plan, strips would be developed every 1/4 mile through the croplands in the
valley bottom. Where feasible native forbs and legumes would be encouraged
for wildlife benefits. The grassland strips would be managed primarily for
quail and rabbit. Density of the grass strips would be managed to provide
nesting, escape, and roosting cover and burnad when the litter accumulation

becomes too thick on the ground.

(5) Fence rows between or beside croplands would be converted
to narrow strips of brushy habitat. This would serve as roosting cover for
bobwhites and escape cover for rabbits as well as provide windbreaks to the

croplands.
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c. The second terrestrial subordinate objective is to increase the
white-tailed deer carrying capacity by 100 percent and fox squirrel carrying
capacity by 20 percent. White-tailed deer is the only big game animal found

in the planning area. The steps to reach this objective are:

(1) The grassy draws would not be burned, expediting the
succession of 3,160 acres to brushy draws by the 10th year. This would provide

cover and browse for deer.

(2) Eight oak trees per acre would be planned in the 3,160
acres of newly converted brushy draws for future production of mast for winter

food supply for deer and squirrel.

(3) Improvement of the forestland habitat in general would be
accomplished by wildlife oriented Timber Stand Improvement (TSI). All den

trees would be preserved.

(4) The 294 acres of unharvested cropland would also provide
an additional food supply for deer and squirrel during the critical winter

period.

d. The third terrestrial subordinate objective is to increase
furbearing animal populations by 20 percent. This can be accomplished as
follows:

(1) Water oriented furbearers:

(a) Beaver--in conjunction with willow plantings to
control stream bank erosion, additional plantings would be made to provide
food supply for beaver.

(b) Muskrat--the 294 acres of unharvested crops left
along stream banks would serve as food supply for muskrats.

(¢) Mink--no emphasis would be placed on management for
mink. However, the EQ evaluation account would show that mink would benefit
from other management practices.

(d) Raccoon--a special TSI program would be used to
selectively manage for den trees on both old and new forests. Where den
trees did not exist, a raccoon nest box would be place every 1/4 mile along
the stream banks. Provide a greater food supply to the raccoon population
by planting in scattered areas elderberry bushes in the 881 acres of newly
converted native forb and legume grassland strips and in fence rows adjacent

to stream banks.
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(2) Land oriented furbearers:

(a) Coyote, fox, skunk and other predators.

-The conversion of 3,160 acres of grassy draws to
brushlands would increase cover for these animals and increase the small
mammal populations resulting in an increased food supply.

-The conversion of 881 acres of cropland to grassland
is expected to also increase small mammal populations, hence an additional
food supply for predators.

-The creation of brushy fence rows between and beside

croplands will increase prey species populations for predators.

e. The fourth terrestrial subordinate objective is to increase
the carrying capacity of the habitat for non-game birds by 30 percent in the
following manner:

(1) Conversion of 3,160 acres of grassy draws to brushy draws.
(2) Special TSI on forestlands.

(3) Conversion of 881 acres of croplands to grasslands.

(4) Leaving 294 acres of croplands unharvested.

Other terrestrial subordinate objectives would include:

f. The increase in rodents and other prey species providing a

food supply for birds of prey such as hawks and eagles.

g. Incidental benefits to waterfowl as a result of Plan B might
benefit waterfowl. However, waterfowl were not a consideration in the plan
because a habitat improvement program designed for waterfowl in this planning
area would only redistribute present numbers rather than increase production.
Waterfowl might benefit because:

{1) The 294 acres of unharvested cropland might provide an
additional food source for waterfowl.
(2) The creation of farm ponds in the upper watershed might

serve as resting areas for migratory waterfowl.

2. Aquatic Ecosystem: The primary objective of the aquatic ecosystem

portion of Plan B - EQ is to increase the desirable fish populations in
Vermillion Creek by twenty (20) percent. This would be accomplished in the

following manner:
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a. Increase the water quality of the Vermillion Creek drainage
to meet Envirommental Protection Agency (EPA) and the Kansas State Health
Department standards through control of the:

(1) Sewage effluent from the Town of Onaga into Vermillion
Creek, and

(2) Effluent from cattle and hog feed lots into Vermillion
Creek and its tributaries by livestock owners providing settling basins and
by fencing grazing areas to control runoff and erosion.

(3) Turbidity levels to twenty (20) Jackson Units during
intermediate flood levels in the Vermillion Creek drainage through arresting
soil erosion from terrestrial and aquatic sources. |

(a) Control of erosion from terrestrial sources, i.e.
from i) cultivated lands, ii) livestock, and iii) gully and ditch banks
stabilization would be obtained as follows:

i) Cultivated Lands

-A total of 881 acres of cropland would be
converted into native grasslands as quasi sediment traps between the stream
banks and croplands. Also included in the 881 acres would be meandering
native grassland strips developed approximately every 1/4 mile through the
valley bottom croplands. Where conducive to wildlife, forbs and legumes
would be planted to benefit wildlife.

-Croplands with a greater than 10 percent slope
and containing intermediately erodable soils would be terraced, retired from
cultivation, or the land use practices would be changed to crops that are more
compatible with good soil conservation practices.

ii) Livestock

-Eroded stream banks located in livestock
feedlots would be fenced and seeded to native grass and brush to stablilize the
soils. Where feasible, forbs and legumes will be encouraged for the benefit of
wildlife.

-Regulate livestock numbers and distribution
to protect against over-grazing and resulting soil erosion problems

contributing to turbidity in the aquatic ecosystem.
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-Develop strategically located headwater ponds
to trap the sediments in the general vicinity where the erosion is occurring.
This would also help in regulating livestock distribution.

iii) Gully and Ditchbank Stabilization

-The planting of grasses, bushes, trees and other
types of vegetation including physical structures would greatly facilitate the
early stabilization of such exposed areas as gully and ditch banks.

(b) Control of erosion from aquatic sources. Fast and
high stream currents causing bank erosion would be slowed by willow and other
types of plantings including physical barriers. At the same time, these would
tend to eliminate streambank sloughing problems. By such means, the minimum
aquatic ecosystem stream flow levels concurrent with the requirements of the
primary‘objective of the aquétic ecosystem would be maintained through:

-Establishing critical low stream flow levels on
Vermillion Creek, and

-Controlled water use from streams during periods
of critical streamflows.

In order to obtain the cooperation of landowners, farmers, and others, and
to actually reach the objectives specified in both the terrestrial and aquatic
ecosystems, it is essential - through Extension and other types of services -
that the landowners understand the nature of assistance available from the
U.S. Department of Agriculture (i.e. ASCS or SCS), such as:

-Free information services |

-Cost-sharing

-Sponsoring annual program

-Long-term management or cther types of agreements

b. Increase the availability of the streams and ponds for
recreational use as provided for in the aquatic ecosystem as a complementary
NED feature. This would be accomplished by:
(1) Acquiring nine public access corridors in fee title
along Vermillion Creek. There would be 1/4 mile strip each way from the access
points to provide for fishing and boat launching.
(2) Constructing access roads and parking space at strategically

located points on five of the major tributary streams.
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(3) Acquire four (4) farm ponds by fee title for public use
and manage for bass, bluegill, and channel catfish. Access roads would be
provided.

(4) Maintaining desirable species composition on other
farm ponds. This may require rehabilitation and/or stocking, regulation

and enforcement,

Culturally Significant Resources

1. Archeological Amenities

The Missouri River Basin Survey archeological team and the Kansas State
Historical Society have located 96 archeological sites in the planning area.
0f the total so far discovered, 87 are considered prehistoric in origin.

It is realized that the possibility of a future water development
project is possible in the planning area, as well as continued use of the
land for farming, road building, construction of gas and oil pipelines,
possible mining of sand and gravel or coal, and many others. Any of these
activities could, and in the case of a reservoir, would destroy many
archeological amenities.

Realizing the yearly advancement of archeological interpretive
techniques, the EQ plan provides for an archeological salvage work contingency
to obtain and preserve important archeological sites, specimens, and data
before they are destroyed by future land use changes. 1In the event the
salvage work is needed, e.g., the development of a 5000 acre reservoir, a
minimum of three eight-week field seasons of archeological exploration
would be conducted in the Vermillion Creek valley. At least 12 of the 96
sites should be excavated and at least an additional 28 tested. Archeological
data should be recorded from the remaining 56 sites by the year 15.

2. Historical Amenities

Important historical sites within the planning area include two
gristmills of pre-1900 vintage, a Potawatomi Indian House from about 1850,
two old cemetaries, an old grotto, the Vieux Crossing of Vermillion Creek
on the Onaga Trail, and the historic towns of Laclede and Onaga.

As with archeological amenities, future planning in the area could
disrupt any of these historical sites. A reservoir in the Vermillion Creek
valley would most likely inundate and destroy the gristmills, and the

Potawatomi Indian house. Increased vandalism to the other sites would

also be expected.
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A feature of this EQ plan would be to preserve these historical
amenities.

a. The sites of the two gristmills and the Potawatomi Indian house
located on these sites would be acquired by the State Historical Society.
If future land use changes so dictate they would be relocated.

b. The two old cemetaries and the grotto would be developed as
points of interest for those visiting the Vermillion Creek valley.

c. The Oregon Trail crossing on Vermillion Creek would be preserved
and maintained as a State Park and point of interest for the public. Land
acquisition would be necessary in this area.

3. Areas of Natural Beauty

The planning area is in the unique native tall grass prairie of the
Kansas Flint Hills. The EQ plan would preserve and enhance 32,098 acres of
the native tall grass prairie. Included in this total are 881 acres of
cropland that would be converted to native grasslands. These additional
grasslands would be developed as strips along the bottomland hardwoods
and stream banks and every one-fourth mile in a meandering fashion through
the croplands. Native forbs and legumes would be included in the grassland
strips. The forestlands would be increased by 3,160 acres. In addition,
specialized Timber Stand Improvement (TSI) on 12,662 acres of general
forestlands would help retain the aesthetic value of the forestlands.

With the control of pollution from point and non-point sources into
Vermillion Creek and its tributaries, the natural beauty of approximately
120 miles of streams would be preserved and enhanced in the planning area..

As a result of the increase in habitat quality almost all wildlife
populations would increase significantly.

Plan B - EQ: Abbreviated EQ Evaluation Account
(Part 3)

" Physical Land Resources

1. Soil Stability: Under Plan B, erosion of agricultural cropland in the
Vermillion Creek drainage will be reduced to 4 tons per acre per year,
pasture and native grassland to less than 1/2 ton per acre per year.

2. Geological Resources: No change is anticipated in the geological
resources of the planning area as a result of Plan B and/or in the future

without any plans.
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Air and Water Quality Standards

1. Air Quality: The spring grassland burning program of this plan
would produce a considerable amount of smoke. However, grassland fires
are historically considered a natural phenomenon.

2. Water Quality: EPA and Kansas State Board of Health water quality

standards will be met or exceeded. The turbidity goal in Jackson Units for
intermediate flood waters will be reached.

Ecolggical Resources

1. Terrestrial Ecosystem: The effect of Plan B is expressed in wildlife
habitat units.

Total Net Annualized
Habitat Unit Habitat Unit
Acreage Lost or Gained Lost or Gained

(- or #)
Forestlands 12,662 4 3,681,265 4 36,813
Croplands 14,779 4 2,982,300 # 29,823
Brome Pastures 0 - 881,600 - 8,816
Native Prairies 32,098 4 7,348,325 73,483
Streams 193 £ 9,600 £ 96
Total 59,732 413,139,890 £131,399

2. Aquatic Ecosystem: The effect of Plan B is expressed in aquatic

habitat units.

Year 0 ~ 50 Year 50-100 Total Net Annualized
Net Net Habitat tnit Habitat Unit
Acres H.U. Acres H.U. Lost or Gained Lost or Gained
(-or#) (-orf) (- or #)
Channelized Creek (01) 14.2 # 8.5 - - + 425 4 8.5
Unchannelized Creek (02) 67.9 £40.7 82.1 +£49.2 4 4,495 £ 44.9
Tributary Streams (03) 136.2 +468.1 136.2 £68.1 + 6,810 4 68.1
Farm Ponds (05) 127.0 +£63.5 127.0 £63.5 4 6,350 £ 63.5
Total 472.3 345.3 4185.0
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With Plan B, it was assumed that the channelized stream segment would
continue to meander, and after 50 years would return to a natural stream
condition equivalent to that of the unchannelized segment. After year 50,

the channelized segment was included with the unchannelized segment.

3. Special Ecosystem Relationships and Irreversible Commitments of Resources:
The original native tall grass prairie was historically found in eleven central
midwestern States. The native tall grass prairie is a fire climax seral stage.
If fire is suppressed, plant succession pfoceeds to brushlands to juniper to
an oak-hickory climax.

Historically, the native tall grass prairies were maintained by natural
and man-made fires. However, since the turn of the present century, man has
significantly reduced the native prairie acreage by plowing the prairies to
raise agricultural crops. At the present time, the Flint Hills of eastern
Kansas and a small extension into Oklahoma contain the only significant remains
of the tall grass prairie in North America.

Plan B would enhance and preserve the unique native tall grass prairie
ecosystem of the Vermillion Creek valley in northeastern Kansas.

Geographically, the planning area is located in what is left of the
native tall grass prairie in North America. It provides an ecotone of natural
bluestem interspersed with croplands, associated wooded draws, and flinty,
limestone hills,

The greater prairie chicken, Tympanuchus cupido pinnatus, is indigenous

to the native tall grass prairies of the eastern great plains. However, the
reduction in habitat has severely restricted the geographic distribution of
the bird.

Currently, small isolated populations of the bird exist in Michigan,
Wisconsin, Illinois, southern Manitoba, northwestern Minnesota, North Dakota,
and Missouri. Huntable populations only occur in South Dakota, Nebraska,
Kansas, and Oklahoma.

The heart of the greater prairie chicken range is in the bluestem
prairies of the Flint Hills of eastern Kansas. Three-fourths of the total
North America population is found in Kansas in spring densities of approximately
15 chickens per square mile. In comparison, South Dakota maintains a population

density of about 2 to 4 birds per square mile.
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Plan B would increase the carrying capacity for prairie chicken by
60%. To accomplish this some land use changes would have to take place.

Plant succession would be allowed to advance to the brushland seral
stage in 3,160 acres of grassy draws. A total of 881 acres of croplands
would be reverted back to native grasslands in buffer strips and grassed
waterways. Fence rows would be managed for the brushland seral stage. A
total of 314 acres of supplemental food supplies in the form of unharvested
agriculture grain crops and food plots would be guaranteed. Wildlife
oriented Timber Stand Improvement work would be conducted on the forestlands.
Effort would be put forth to produce and preserve fruit and mast bearing
trees, especially trees with cavity or den producing tendencies. Willows
would be planted along the stream banks as a supplemental food source for
beaver and as a soil stabilizer.

4. Rare and Endangered Species: At this time neither the State of Kansas
nor the U.S. Department of the Interior recognize the existence of any
threatened species of fauna in the planning area. The greater prairie chicken,
however, is a close sub-species of the endangered-Attwater prairie chicken that

is limited to isolated populations along the coast of Texas.

Culturally Significant Resources

1. Archeological Amenities: Plan B would not have an adverse effect on
archeological amenities. It does provide for an archeological salvage work
contingency to find and preserve important archeological sites, specimens,
and data when eminently threatened.

2. Historical Resources: Plan B would not have an adverse effect on
historical resources. It does provide a positive program, to preserve two
gristmills of pre-1900 vintage, a Potowatomi Indian house dated about 1850,
two old cemetaries, an old grotto and the Oregon Trail crossing of Vermillion
Creek.

3. Areas of Natural Beauty: Plan B has a positive program to preserve
and enhance 32,098 acres of the unique native tall grass prairie of the
Kansas Flint Hills. The plan requires the conversion of 881 acres of
croplands back to native grasslands in the form of cropland buffer strips
and grassed waterways. The grassland burning program would have a very
short-term effect on the aesthetic value of the grasslands. However, the
native tall grass prairie is a fire climax seral stage, which is maintained
only by fire. If fire was completely suppressed, the grasslands would

succeed into brushlands.
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The forestlands would be increased by 3,160 acres. The aesthetic
value of the forestlands would be increased by specialized TSI work.
Significant pollution sources, from sewage effluent, from the Town of
Onaga and runoff from several livestock feedlots into the Vermillion Creek
and its tributaries would be controlled. Soil erosion would be controlled
through physical and biological means.

This would enhance the aesthetic value of approximately 120 miles
of streams in the planning area. As the result of the increase in habitat
quality there would be significant increases in almost all wildlife

populations.
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III. Significance of the Measurement of Effects of Alternative
Plans on Environmental Quality (EQ Evaluation Account) in Water and
Related Land Resource Planning

A. Scoping and Formulation of Alternative Plans:

The resulting displays in an EQ evaluation account will be a barometer
of the beneficial and adverse effects of each alternative plan on the natural
environment. This will specifically help Step #5 in the plan formulation
process where the planner is to review and reconsider, if necessary, the
specified components for the planning, settihg and formulating of additional

alternative plans as appropriate or modify the alternative plans already
formulated.

B. Comparing Alternative Plans:

The evaluation accounts will display the full range of tradeoffs within
and between alternative plans. This will:’
1. Allow the public to make a more informed choice or expression

of preference.

2. Provide a better frame of reference for the decisionmakers in
his selection of a recommended plan or Congressional authorization of an
alternative plan.

3. Document tradeoffs made in plan selection and authorization.
Note: This is why it is important in the planning process to first formulate

a maximized EQ plan and a maximized NED plan.

C. Developing Data Needed for Environmental Impact Statement.
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OVERALL ISSUES AND METHODS OF MEASUREMENT

Dirk P. Lijesen
Consultant, INTASA

Menlo Park, California

The purpose of this paper is to discuss the implications associated
with the requirement of measuring and displaying regional development
effects as described in the Principles and Standards (Reference 1). To
set the tone for this discussion the section on orientation briefly
summarizes the orientation of the discussion. A following section provides
a detailed account of the text of the Principles and Standards and dis-
cusses it's applicability. Subsequently, another section approaches the
measurement of Regional Development effects in light of the overall
planning and evaluation process for water and related land resource
development. This is followed by a section which highlights specific
measurement problems and makes the connection with particular disciplines
conventionally related to the measurement of regional development effects.
Finally, the last section draws a number of conclusiors and points to

areas of further research.
Orientation

The orientation of this session is captured in the following points:
A discussion of regional development effects should be oriented
towards clarifying the intent underlying the Principles and
Standards. The Principles and Standards can be seen as a first
step towards incorporation of important issues and concerns that
previously were not included in the planning process and that
gave rise to distortions in water and related land development
policies. By no means does this initial step provide a complete
"cookbook", i.e., a set of specific instructions to the planner/
evaluator that will accomplish the job of measuring RD effects.

- Having made an important first step towards recognizing the

significance of regional development effects the next logical
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step is to systematically investigate what type of procedures

are available to implement the Principles and Standards. This
requires further specification of the effects to be measured

and exploration of 'regionally oriented" scientific disciplines
in terms of their possible role in the measurement process.

In addition, and possibly more important, it requires the devel-
opment of new procedures because in a number of areas covered

by the Principles and Standards there, simply, is no concensus
or methodology as to how to measure effects.

Neither a discussion of RD effects nor the measurement of such
effects can be held without regard to the entire planning and
evaluation process of which measurement is a part. Conversely

it is considered important to structure the discussion by making
explicit the connection with the planning and evaluation process.
This connection provides the logical guidelines as to the extent
that the planner/evaluator should address regional development
effects.

Finally, and even after casual reading of the Principles and
Standards, it is clear that each of the RD components relates

to heavily debated policy issues such as shifts in regional
income to promote some type of equity between regions. Conse-
quently, the scope of the regional development account is broad.
Measurement of RD effects should be considered in light of
providing the information base that will shed light on such
policy issues. Although regional development is not an 'official"
objective, it is advocated that this policy perspective is main-
tained as contrasted to the mere provision of "numbers and facts"
to satisfy established Federal requirements. In this respect
"numbers and facts' will become meaningful if their relationship

to policy making is transparent.
Description/Definition of the Regional Development Account

The purpose of this section is to focus solely on a description
and/or definition of the Regional Development account as provided in the
Federal Register. The objective is to critically review the text so as

to surface the rationale and content of this account.



A. Principles and Standards

Table I contains the text of the Principles regarding Regional

Development. The following is noted.

In the opening paragraph the words beneficial, adverse, relevant
and appropriate are used. It is not clear how these words are

to be further defined nor what value judgments have already been

incorporated in this display account. Clearly, further discussion

is necessary to determine if it is "appropriate" to display or
what constitutes a relevant planning region. Value judgments

are necessary in designating certain effects as beneficial or

adverse. Confusion can be lessened if such judgments are clarified.

The Principles call for measurement of changes in regional income.
These relate to a static income objective. Freeman and Haveman
note:

"In general, objectives concerning income can be static or
dynamic. Static income related to objectives include changes
in national income, changes in aggregate regional income, and
changes in the distribution of income among persons or regions.
Dynamic income related objectives refer to the rate of growth
of national, regional, or per capita income over time. Economic
development, whether regional or national, is conventionally
defined as an increase in the rate of growth of aggregate
income. Hence development is a dynamic concept. The
difference between static and dynamic is not an unimportant
issue, because the design and decision variables related to
a dynamic objective may be quite different from those
associated with a static objective. For example, for a given
project a reduction in the proportion of total costs that
must be repaid by beneficiaries in the region can have a
substantial effect on regional incomes without necessarily
affecting the rate of growth of regional income in the future."
(Reference 2)

The importance of the above distinction is further illustrated by
the simple question: 'What does it mean to the decision makers

if a changé in regional income is displayed?"

Explicit reference 1is made to external (dis)economies and to the
accounting of effects in the project region, the adjacent region
and the rest of the Nation. Both are sound steps towards improve-
ment of the planning and evaluation process, i.e., the proper

measurement of effects and their spatial distribution. However
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Table I

THE PRINCIPLES

TEXT
'""The following beneficial or adverse

effects of the proposed plan on a system
of relevant planning regions (States,
river basins, or communities) will be
displayed where appropriate.

a. Income effects

(1) Beneficial.

(a) The value of increased
outputs of goods and services resulting
from a plan accruing within relevant
regions; and

(b) The values of output
resulting from external economies
accruing within relevant regions.

(2) Adverse.

(a) The value of resources
within relevant regions required for or
displaced by a plan.

(b) Losses in output
resulting from external diseconomies
within the relevant regions.

b. Beneficial and adverse effects
on other components of regional develop-
ment.

(1) The number and types of
jobs resulting from a plan in the region
under consideration;

(2) Effects of the ptan on popu-
lation distribution within the region
under consideration and among regions in
the Nation;

(3) The effect of the plan on
the economic base and economic stability
of the region under consideration;

(4) The effect of the plan on
the environment in the region under
consideration; and

(5) The effect of the plan on
other specified components of regional
development."
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Definition of what is bene-
ficial, adverse, relevant
and appropriate is not clear.

Change in regional product
or regional income is called
for. Not the rate of change,
conventionally defined as RD.
Development is dynamic A4;
income is static.

Explicit mention of external
(dis)economies. Traditionally
hardest to incorporate.

Explicit reference to shifts
among regions.

What are other specified
components of RD.



it should be recognized that traditionally these areas of investi-
gation are the hardest to deal with and consequently little or no
advancement has been accomplished.

. Finally, it is not clear what "other specified components of R.D."

consist of.

B. The Standards

The Standards expand on the Principles by providing more detail regarding

the effects to be included in the RD account and by indicating the type of
indicator and measurement methodology to be used. Table 2 summarizes the
Standards along those lines. The readef is asked to review this table

so as to become familiar with the type of effects to be included in the

Regional Development account.

C. Applicability of RD Measurements

As in the case of the National Economic Development and Environmental
Quality objectives the measurement of Regional Development effects applies
to the three levels of planning studies established by the Water Resources
Council. That is: (1) Framework studies, (2) Regional or river basin

plans and (3) implementation studies. These have been defined as follows:

"Framework studies and assessments are the evaluation or
appraisal on a broad basis of the needs and desires of
people for the conservation, development, and utilization
of water and land resources and will identify regions or
basins with complex problems which require more detailed
investigations and analysis, and may recommend specific
implementation plans and programs in areas not requiring
further study. They will consider Federal, State and
local means and will consider both national economic
development and environmental quality objectives.

Regional or river basin plans are reconnaissance-level
evaluation of water and land resources for a selected
area., They are prepared to resolve complex long-range
problems identified by framework studies and assessments
and will vary widely in scope and detail; will involve
Federal, State, and local interests in plan formulation;
and will identify and recommend action plans and programs
to be pursued by individual Federal, State and local
entities. They will consider both national economic
development and environmental quality objectives.
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Implementation studies are program or project feasibility
studies generally undertaken by a single Federal, State
or local entity for the purpose of authorization or
development of plan implementation. These studies are
conducted to implement findings, conclusion, and recom-
mendation of framework studies and assessments and
regional or river basin studies which are found to be
needed in the next 10 to 15 years. As with framework
studies and regional or river basin plans, they will
consider both national economic development and environ-
mental quality objectives."

Measurements of RD effects is called for in specific cases. The
Principles and Standards state:

'""The regional development account embraces several types

of beneficial effects, such as (a) increased regional
income; (b) increased regional employment; (c¢) population
distribution; (d) diversification of the regional economic
base; and (e) enhancement of environmental conditions of
special regional concern. There are major difficulties

in estimating some components of the regional development
account, such as the location effects as well as estimating
the effects of a plan on regional employment, population
distribution, and economic base and stability. For this
reason a complete display of beneficial and adverse effects
for all components in the regional development account

will not be made for a plan unless directed by a Department
Secretary or head of an independent agency."

Measurement of RD Effects in the Planning and Evaluation Process

The previous section has clarified what type of effects fall within
the RD account. In doing so, the connection with water resource plans has
been tacitly assumed. To identify and measure RD effects in a particular
planning context it is necessary to surface this connection explicitly;
i.e., to determine how impacts and, in particular, RD effects come about.
To provide a benchmark for this determination the following subsections
discuss the planning and evaluation process and the impact assessment

process.

A. A Planning and Evaluation Framework

Major elements of the planning and evaluation process are depicted in
their simplest form by the blocks in Figure 1. Central to each step in
the process is the use of specific planning objectives which result from
the need identification phase as indicated in the Figure. In formulating

alternative plans, planning objectives provide direction to the study.
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In assessing impacts, planning objectives provide a first indication of
the impact areas to be analyzed. In evaluation, planning objectives
provide the criteria for identification of benefits and costs and for
comparing alternative plans.‘ In display, planning objectives form the
most important category. Finally a well chosen set of planning objectives

enhances the ultimate likelihood of implementing the recommended plan.

Starting with a preliminary formulation, the planner proceeds in an
iterative manner (as indicated by the feedback loop in Figure 1) towards
a further specification. That is, on the basis of alternative benefits
and costs or on the basis of trade-offs among plans, it may be necessary
to repeat tasks within the need identification process, to reformulate
planning objectives or to modify and expand the range of alternatives.
As this iterative process continues, each step within the loop is per-
formed in increasing detail. Each task does not necessarily receive the
same level of treatment during each iteration, and the steps are not
usually executed in a strictly sequential manner. Rather, the feedback
loop is designed to uncover and strengthen weaknesses in plans already
formulated. Briefly summarized the major steps entail the following:

1. Need Identification. Figure 2 gives a closer look at the need

identification block of Figure 1. The function of need identi-
fication is to derive planning objectives for water resource
plans that will be responsive to identified problems; this
analytical effort is threefold: (1) analysis of public concerns
to arrive at an understanding of desires and preferences;

(2) analysis of resource management problems; and (3) analysis
of functional water resource areas (flood control, water supply,
etc.) as a means for resolving specific resource problems and
for contributing to the satisfaction of pubiic desires. Thus,
need identification for water resource management is charged
with analyzing resource problems and interpreting public concerns
while recognizing the potential of water resource systems to

alleviate both.

Inputs are the same as shown for the complete procedure.
Three types of planning objectives are indicated as outputs:

(1) those expressed in quantitative terms and with reference to
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a particular level of achievement in terms of quantity, quality
and location, e.g., provide at least X MGD of water of quality
Y at location Z; (2) those expressed in quantitative terms
without reference to a specific level of achievement, but rather
the desired level is expressed in terms of 'as much as possible"
or "as little as possible", e.g., provide as much water-based
recreation as possible; and (3) those expressed in qualitative
terms where reference to any level of achievement is inappropriate,
e.g., preserve cultural landmarks. (In this case, planning
objectives express the fact that considerations which presently
do not lend themselves to quantification can still constitute

an integral part of multiobjective planning.)

Formulation of Multiobjective Water Resource Plans. The purpose

of this step is to formulate plans in accordance with the specified
planning objectives and the more general multiobjectives. Such
plans may be structural - e.g., construction of water supply con-
veyance networks, flood control reservoirs, wastewater treatment
plants; the formulation includes operational, maintenance and
financial considerations. The plans may also include nonstructural
or institutional approaches, e.g., purchasing flood plain lands

for conversion to recreational use. Thus the planner is forced to
view the plan from the broad perspective of its potential to
alleviate a range of needs beyond the strict water resource

related problems. In this regard, the multiobjective framework
requires active cooperation between the water resource planner

and members of related engineering and design professions such

as recreation planners, urban planners and architects in order

to formulate innovative water resource systems over and above

those based strictly on sound engineering principles.

Assessment of Impacts. The purpose of this step is to identify

and measure the impacts of alternative plans, thereby providing
the data base for determining the plan's performance. Input
consists of changes in the availability (supply) of resources that
are directly caused by the plan, e.g., quantity of surface water

increased by a reservoir, wildlife stock eliminated by land
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development. The output is an assessment of the qualitative and
quantitative consequences of these resource changes on the
economic, social and environmental domains. Although the objective
is to identify all possible impacts, practical considerations
require that the planner's judgment be invoked to establish a
realistic search procedure, and to determine the implications that
most likely will have a bearing on determining performance. Thus,
assessment of impacts begins with specific measures of resource
changes, subsequently fans out to capture all possible implications,
and ends again with specific measurements in terms of a limited set
of indicators for quantitative impacts and descriptors for

qualitative impacts.

Evaluation. The purpose of this step is threefold: (1) determin-
ation of the significance of measured impacts; i.e., beneficial
and adverse effects are identified which may lead to reformulation
of plans, while insignificant effects are discarded (direction for
this effort is provided by establishing planning objectives and
legal requirements); (2) comparison of beneficial and adverse
effects among alternative plans, which provides a basis for
modifying plans to better focus on desired outputs; and (3) deter-
mination of final trade-offs among plans which provides the basis

for ranking alternatives.

Implementation. The purpose of this step is to consider all

institutional requirements necessary for successful implementation
of a water resource plan, i.e., cost allocation, cost sharing,
financial carrying capability of cooperating institutions, binding
legal constraints, etc. Thus the planner must thoroughly examine
the plan's impact on existing institutions in order to identify
impediments to implementation and changes in the plan that may be

required to enhance the chances for implementation.

Display. The purpose of this step is to present to the public,
affected planning institutions and decision makers the plans, the
contributions of these plans towards planning objectives, the
plan's unanticipated beneficial and adverse effects, and the trade-

offs among alternatives. In addition, this step displays
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requirements in terms of cost and institutional arrangements for
financing, operation and maintenance. This display of results
provides the basis for decision making with respect to recommending

any alternative for dction by Federal, State or local governments.

B. The Impact Assessment Process

The following delineates the scope of the impact assessment process

and provides a general structure.

1. The Plan as a Source of Impacts

A water resource plan induces an infinite number of changes through
a chain of cause-effect relationships. For example, improved water quality
planning may result in a quantitative change in the amount of mercury
discharged into a watercourse; this immediate change is considered a primary
impact. The primary impact, in turn, sets off a series of effects that is
theoretically unlimited: reduced mercury content permits utilization of
the watercourse by a number of industries previously precluded, or the
mercury compounded in fish is reduced which in turn reduces the health
hazard due to mercury poisoning, which has implications with respect to

the community's image because public fears have been allayed, and so on.

Impact assessment is initiated by systematically representing the
water resource plan in order to identify primary impact sources, and
subsequently, to measure the impacts in terms of basic units reflecting
changes in quantity, quality and location of resources. Although no general
methodology is available, a useful device is to consider the plan in terms
of outputs and inputs needed to produce these outputs. For example,

Figure 3 presents a simplified representation of a regional wastewater
management (WWM) plan which provides a conceptual starting point for
identification of primary impact sources. However, more detail is required
to carry out the measurement of primary impacts and to structure the search
for implications. Thus, the plan is further delineated and primary impact
sources are classified as they relate to physical aspects of the plan.
Specific regional characteristics and planning objectives are used to
eatablish direction for, and priorities in, the identification and
measurement of implications. For example, for a region deficient in water

supply, the potential of improved water quality as an alternative supply
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source is significant; for a region deficient in water-based recreation,

emphasis is placed on using high quality effluent for recreational purposes.

CAPITAL ce—p] ‘r-——-—-—pDISPOSED SLUDGES

LABOR ———3]  REGIONAL QUALITY AND QUANTITY PATTERNS OF
WM OF EFFLUENT RESOURCE
POWER AND——» b : USE

MATERIALS

LAND FOR RIGHTS OF WAY
TREATMENT  FOR COLLECTION AND
AND TRANSMISSION
DISPOSAL

Figure 3 Outputs and Requirements of a Water Quality Plan

2. General Structure of Impact Assessment

Up to this point, the discussion has centered around primary impact
sources. This subsection focuses on the process itself. Figure 4 shows a
two-phase delineation of impact assessment. In the first phase, impact

identification, primary impacts are identified., measured in terms of changes

in the physical/chemical/biological environment, and analyzed in terms of
implication on the economic, social and environmental domains. At this
stage, no in-depth measurement of the entire cause-effect chain initiated

by such impacts is attempted. In the second phase, impact measurement,

primary impacts and their implications are transformed into a system of
indicators and descriptors which adequately represent significant positive
and negative economic, social and environmental changes. These indicators
and descriptors are devised so as to provide a set of aggregate measures
representing the range of impacts covered by multiobjectives in general

and planning objectives in particular. Thus, if Yi is an indicator,

> X ) (1)

Y. = f(xl,xz, cen A

1

where Xy is an independent variable representing possible implications

which are functionally related to the indicator Yi' When this functional

-235-



s3oedu] FO JUBWSSSSSY JO MOTAIAAQ Uy § 2andty

SLOVAWI 40 INFWSSISSY

SNOILVOITAWI FAILVLITVNOD
ONIEI¥ISAA Y04 SYOLAINISH(] €]

SNOILVIITAWI FAILVLIINVND €—————
ONIUNSYAW ¥0d SYOLVOIANI

SNOILVIITdNWI

4T4ISS0d 40
NOILVINZSHIdHY
JATSNIHIYAWOD -

LNFNTINSVEN
LOVANI

SNOILYDI'TdWI
471915504 40
NOILVI0TdXd avoud -

NOILVOTATLNIAI

LOVdNWI

[~ SHINVHD
4234N0S9y
JIAI0 LSYId

-236-



relationship is known, the significant implications are recognized as

those which substantially effect the value of Yi'

Impact assessment is separated from final evaluation by a synthesis

of information necessary to assess a plan's contributions towards planning

objectives formulated in the same terms. If a composite representation is

not possible, individual impacts are related to planning objectives stated

in the same terms. Therefore, if composite measures cannot be derived in

the measurement process, the consequence for subsequent evaluation is that

the number of planning objectives increases and the trade-off process

becomes more difficult.

The following statements accentuate the distinction between the two

phases of impact assessment:

Identification of impacts refers primafily to recognition of
possible implication; measurement refers to determination of

a composite set of indicators and descriptors.

In identification, relatively few primary impacts are measured
while many implications are identified; in measurement, all
indicators are measured and all descriptors are adequately
specified.

The function of identification is mainly exploratory; the function
of measurement is analysis of relationships.

Identification, being exploratory, is less amenable to structured
analysis; a comprehensive list suggesting possible impacts is

the extent to which the planner can be assisted. Measurement is
amenable to a structured approach; a generally applicable system
of indicators and descriptors based on multiobjectives can be

devised to assist the planner.

For analysis purposes, the remaining task is to further narrow down

the transformation that takes place from primary impacts to measured impli-

cations.

To this end, it is necessary to identify a mechanism which relates

primary impacts in a direct way to their consequences represented in a

system of accounts.

-237-



Figure 5 illustrates this mechanism. In contrast to the simplified
impact identification presented before, it is postulated that the trans-
formation of primary impacts into a system of accounts occurs on the

basis of either environmental changes or activity changes.

An Enviroamental Change is defined as a transformation that

causes the implication to be measured and evaluated within the
environmental domain; that is, no attempt is made to relate
such change to human activity. Environmental changes are

discussed and classified under the environmental account.

An Activity Change is defined as a transformation that causes

the implication to be measured and evaluated within the economic
and social domains of man's activity and represented in the

remaining three accounts.

Environmental changes can result as a direct consequence of primary
impacts or they can result as a consequence of higher-order changes
throughout the chain of implications. The first type of changes are
indicated in Figure 5 by numbers 1 and 2; higher-order changes by numbers
3 and 4. This distinction between types of changes is used in order to
focus on changes resulting from water resource planning that are not
necessarily or explicitly planned for. For example, if improved water
resource planning results in new recreation opportunities - a direct
consequence of primary impacts - appreciable pollution may be created
by litter and garbage disposal problems of recreationers which, in turn,
affects environmental quality - a higher-order change. Any significant
higher-order environmental change should be included in the analysis of
the plan because frequently these changes represent a cost; in the above

case, the cost of cleaning up the environment.

In conclusion, assessment of impacts resulting from water resources

development involves identification of primary impact sources, measurement

of primary impacts and transformation of primary impacts through environ-

mental and activity changes into measured indicators and descriptors

encompassing the economic, social and environmental domains and represented

in a four-account system.
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C. Measurement of RD Effects

Extending the framework presented in the previous section to the
assessment of RD effects yields Figure 6. It is shown thatvmeasurement
is preceeded by the identification phase. Inputs to this phase are:

*+ Text of the Principles and Standards indicating the range of

effects which the planner should take into consideration.

- Primary Impacts associated with the actual plan developed by
the planner.

. A set of concerns regarding regional development in terms of
the economic, social and environmental viability of the region(s)
under consideration, for which there exist the expectation
that they can be related to the primary impacts generated by
the plan.

The identification phase will establish which of the RD effects listed in
the Principles and Standards will in fact be significant enough to be
subsequently measured. The key consideration is that the link between
primary impacts associated with a plan and regional development concerns
expected to be relevant in the particular planning context be traced to
provide a firm basis for the subsequent measurement phase. It is noted
that the above forms a departure from the traditional approach requiring
that for each plan all effects listed in the Principles and Standards

be investigated.

As indicated in the previous section the transformation from primary
impacts towards measured effects takes place through either environmental
changes or activity changes. The problems in the identification phase
therefore reduce towards providing, largely qualitative, answers to the
following two generic questions:

. What aspects of activity changes caused by the primary impacts
relate to RD concerns? For example: will the primary impacts
caused by a flood control implementation study (e.g., the changes
in the availibility of land and/or water in the region) cause the
resulting activity changes to have economic implications affecting

regional income? Normally and for relatively small studies this
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is not the case. However, the social viability of the region
may be considerably enhanced as a result of the activity changes.
Consequently the analysis focuses on measuring the link between
the primary impacts associated with the flood control project

and the social implications with the activity changes.

. What environmental changes caused by the primary impacts relate
to RD concerns? For example: will the primary impacts of a
large regional system of reservoirs (e.g., the change in aquatic
and terrestrial habitats) cause environmental changes detrimental

to the environmental viability of the region?

Once it is established what system-effect combinations are to be
measured the analysis takes a different course and becomes ''specifics"
oriented. Figure 6 indicates the key considerations for measurement:

(1) definition of a system of regions; (2) data availability; and

(3) measurement methodologies. With respect to the latter this entails
the existence of a functional relationship, similar to the general form
presented in equation (1), for the indicators selected to represent the
subject system-effect combination. For example, if regional stability

is to be associated with the induced industrial and commercial development
(activity changes!) expected to result from a water resource project, then
the sequence of steps is:

. Define the region(s).

. Identify and measure primary impacts for the region(s).

. Identify and measure changes in industrial and commercial

activity in the region (e.g., projected output changes).

. Select indicator for regional stability.

. Relate quantitatively the above indicator to activity changes.

It is clear that in the execution of each step of this sequence the

availability of data plays a key role.
Measurement Issues

A. Introduction

Previous sections have emphasized the intent of RD measurement and
its place and function in the planning process. Actual execution of the

RD measurement phase is a complex task. The purpose of this section is
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to review the major issues facing the planner/evaluator in performing this
task and to point towards efforts that have been or are undertaken to
resolve these issues. At the outset, However, it should be noted that most
research on the measurement of RD effects is still in a very preliminary
state and bedeviled by rather large conceptual and data problems. Needless
to say that in this account area one cannot speak of an already integrated

approach. Rather, efforts are scattered and diffused.

The key problem in structuring RD measurement relates to the many
relationships that exist among RD effects. Figure 7 is a simplified
representation of these relationships primarily for illustrative purposes
as contrasted to presenting an accurate description of all interactions.
It is shown that a primary impact resulting from a water resource develop-
ment plan may affect the output and/or location of water-using activities
within the region which in turn may affect the output and/or location of
other economic activities in the regibn. Depending on the definitions of
regional boundaries the above changes may lead to changes in activities
in other regions which then may have an influence on the activities in the
study region and so on. Central to RD measurement, however, is to antici-

pate the changes in output and/or location of activities in all regions.

The above changes provide the necessary information to measure changes
in regional economic stability by analyzing the change in the region's
economic base, changes in employment and changes in the distribution of
people within the region, changes in aggregate regional income and in
changes in per capita regional income. It is these latter changes that
are of most interest to decision makers since they relate directly to
policy making. However, to calculate such changes the planner/evaluator
should have at his disposal the '"'tools'" to anticipate changes in output

and/or location of regional economic activities.

The major issues in RD measurement that can be inferred from Figure 7
are as follows:

» Definition of Regions.

. Interrelationship between Regions.

+ Tools for measurements.

+ Regional Baseline Projections.

+ RD measurements to display regional viability.
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B. Definition of Regions

Probably one of the most fundamental and heaviest debated issues relates
to what to consider as boundaries of a region. In reference 3 Geyer states:

"Traditionally three different approaches have been used

in defining regions. The first stresses homogeneity with
Tespect to some one or combination of physical, economic
social or other characteristics; the second emphasizes so-
called nodality or polarization, usually around some central
urban place; and the third is programming- oxr policy-oriented
concerned mainly with administrative coherence or identity
between the area being studied and available political insti-
tutions for effectuating policy decisions. Naturally enough,
regional definitions as established in practice often represent
a compromise between these different pure types. In parti-
cular, availability and limitations of data can and do dictate
departures from "ideal type" definitions in many situations.

Strictly speaking, moreover, the three traditional definitions
of regional type are not mutually exclusive. In fact, all
regional classification schemes are simply variations on the
homogeneity criterion and it is somewhat misleading to suggest
otherwise. The only real question is what kind of homogeneity
is sought.”

Antle and Struyk argué that for a particular project several regions may be
defined, dependent on scale and purpose of a water resource project. They

offer the following definitions.

1. "Project region: the area within which increased water-related

activity and/or the direct consequences of such activity occurs.

2. OBE region: the area within which the economic activity of the
project region without the project is focused. For convenience,
more than one region defined by OBE may be aggregated.

3. Displacement region: the area from which the project is antici-

pated to draw labor force, jobs, or visitors to the project area.
This is likewise the area in which substitutions of consumption
or production will occur as the project regions draw income and
people to the project region.

4. System of regions: a system of regions closing on the entire

area of the continental U.S. including the region defined in (2);
this set of regions is the same for all project evaluations, save

for the project region itself" (Reference 4).
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While the above discussion underscores a number of points, the definition
of regions in reality is by necessity a compromise. Probably, the most
important consideration in regional definition for empirical purposes has
been data availability. The vast majority of statistical information is
collected on the basis of political jurisdiction. In this regard counties
are the smallest possible units for which data is available. Regions are
therefore formed as an aggregate of counties where the only freedom is in
the number of counties that constitute the region. The Office of Business
Economics has used the nodality criterion stated above to divide the whole
U.S. in sets of counties called OBE regions. For the water resource planner
this however has not resolved the problem because the OBE region might still
be too large to differentiate the effects of the project on a geographic
basis. In conclusion, definition of region is most likely to be resolved

on a project by project basis and in a rather pragmatic sense.

C. Interrelationships Between Regions

As a mere consequence of focusing on the economic development of
individual regions the analytical problem of interrelationships between
regions has been introduced into the assessment. There is sufficient
empirical evidence that these relationships can be important for project
evaluation. For example, Tolley estimates in Reference 5 that one in
twenty low income farm workers in the Southeastern United States was dis-
placed because of the billion dollar federal reclamation development in

the Southwest.

Modeling the interrelationships between regions requires first of all
that the changes in output and/or location of water using activities can
be traced throughout the economy of the affected region; the way in which
these changes multiply throughout the economy of the region. This calls
for an interindustry analysis. Second, since some of the changes (i.e.,
increased demand for activity inputs) may be satisfied by output expan-
sions in other regions it is necessary to have an interregional interin-
dustry analysis. It is noted that the above indicates the types of analysis
and not the tools used. With respect to the latter very few attempts have
been made to develop such tools. One example is contained in Reference 6
which was applied to determine the effects of a project in a six county

reservoir area in Appalachia on the rest of Appalachia and the rest of the
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United States. General applicability of this model is not only limited

by the large data requirements but moreover by the extreme complexity and

intransparency of the model and its assumption.

D. Tools for Measurement

The tools aimed at determining changes in regional economic activity

traditionally are a part of the regional economics discipline and belong

to the following three categories:

Input-Output Models. This type of model provides in matrix form

the static relationships between the inputs and outputs of all
industries within a regional economy. Key data elements in the
analysis are the technical coefficients which determine per

unit of output in each industry; and how much input is required
from other industries to produce this unit of output. Frequently,
application of such models is severely limited by data availablity.

Multiplier Models. These models are usually connected with the

notion of an economic base. The first step is to define activities
as being exogeneous or determined outside of the region under
analysis. The economic base of the region is then that group

of the industries primarily engaged in exporting from the region
under analysis to other regions. An empirical multiplier is
determined by observing the historical relationship between this
export activity and total economic activity in the region. This
empirical multiplier is then applied to estimates of the economic
base to forecast total economic activity.

Comparative Cost Models. These models are especially applicable

in analyzing the location of economic activities. The comparisons
normally are made strictly between regions on the apparent assump-
tion of some sort of interregional market equilibrium existing

in factor prices. The procedure usually involves doing a set of
cost comparisons for supplying certain products to specified
markets from the given region as compared with alternative sources
of supply for these same markets. The first step in the analysis
is to look at factor or input costs that are particularly important
or almost necessarily different between regions; thus transport

costs are almost always analyzed and usually labor costs or costs
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of a peculiarly important input are also analyzed. For an
illustrative and brief description of these models see Chapter 2

of Reference 7.

E. Regional Baseline Projections

Projections of economic activity in the region under analysis without
the project are an essential element in the planning process in general and
in the measurement phase in particular. They serve three major uses.
First, a primary use is in the assessment of future demands for water and
related land resources. Second, they can be used as indicators of potential
economic problems in an area. Third, they provide a benchmark framework
for evaluation purposes. A first step in calculating these projections is
to accurately define what this without condition consists of. This is by
no means a trivial problem because it entails the specification of what is
most likely to occur without the plan. Realizing that planning efforts
other than water resource planning also may influence economic activity,
projecting a without condition essentially involves projecting the results

of such efforts.

As a first step towards determining baseline projections OBERS projec-
tions presently form the most logical starting point. These projections
are made for the Nation, Bureau of Economic Analysis (BEA) economic areas,
water resources regions and subareas, States, standard metropolitan
statistical areas (SMSA's) and the non-SMSA portions of economic areas and
water subareas. Included are projections of population, personal income,
employment and earnings of persons, by industry. The projections cover
1980, 1985, 1990, 2000 and 2020. Also included are projections of land
use by broad categories for the same 50 year period but with fewer inter-
vening years covered. The historical information from which the projections
were derived is included in essentially the same geographic detail as the
projections. OBERS projections provide the best estimate of what can be
expected if historical trends continue in the future. Any identifiable
long-term secular trends are implicitly included in the projections. The
projections are in no sense a goal, an assigned share, or a constraint
on a region's economic activity. The OBERS projections were made in two
major steps. First, the national economy was projected in industrial

detail. Secondly, these projected national totals were distributed
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regionally in accordance with projected trends in the regional distribution

of economic activities.

If properly adjusted, OBERS projections may provide the data base to

derive the without condition. In doing so, the following three important

problems have to be recognized and resolved:

First, study areas chosen for water resource planning may not
coincide with the geographic areas for which OBERS projections
exist. As a result aggregation and/or disaggregation of pro-
jections is necessary which cannot always be accomplished in
a simple manner. For example, in splitting an area for which
projections exist in two parts commuting patterns may be cut
separating place of residence and place of work. This results
in a distortion of the calculated per capita income unless an
adjustment is made in the per capita income so as to make it

match the population data on a place of residence basis.

Second, the basic characteristic of the projections is that it
provides the best estimate of what can be expected if historical
trends continue in the future. Thus, OBERS projections are a
function of past economic trends and these have been influenced
to some degree by water resource development. The level of
resource development assumed in the projections cannot be
explicitly dated, but is implicitly assumed to follow historical
trends. Consequently, projections of both the available supply
of and demand for water and related land resources, and an
analysis of the adequacy of the resources are required. To the
extent that additional resource development is required if OBERS
projections are to materialize, they present a 'with" condition.
To the extent that the projections can materialize without
additional development they represent a "without' condition.

The problem is more complicated where a project is expected to
improve the economic efficiency of an area, and economic projec-
tions are used to evaluate the problem. The question if the
project was or was not assumed is not easily answered. This would
be much simpler if future resource development associated with

projections of economic activity could be specified explicitly.
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As it is, a comparison with historical water resource development
in the area may give an indication of what the proper assumption
should be.

+ Third, in general land resources and local policy constraints
have so far not been explicitly included in disaggregation
procedures. These constraints are expected to be progressively

more important for smaller geographic areas.

F. RD Measurements to Display Regional Viability

As indicated in the introduction to this Section the most important
information in measuring RD effects is the projection of changes in output
and/or location of economic activities affected by the water resource plan.
They provide in a relatively straightforward manner the resulting changes
in employment, the distribution of people, and per capita income. With
respect to employment this will entail an additional assumption on the
anticipated productivity levels by industry. Given the change in output

and productivity in each industry the change in employment can be assessed.

Population distribution can be assessed on the basis of employment
projections and location of economic projections. In order to account for
the non-working force, total population is stratified in a labor pool,
pre-labor pool and post-labor pool. Population in the labor pool is
assessed based on the employment distribution while the remaining cate-
gories can be related to the labor pool and other characteristics of the
area such as age distribution by area. Finally, the importance of the
indicators (e.g., population distribution) resulting from the basic
economic models is in the comparison with the regional baseline to

display the achievements of the plan.
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ECONOMIC MODELS FOR THE MEASUREMENT OF REGIONAL INCOME
AND EMPLOYMENT EFFECTS

Henry L. DeGraff
Bureau of Economic Analysis, U.S. Department of Commerce
Washington, D.C. 20230

The Bureau of Economic Analysis is developing a National-Regional
Impact Evaluation System (NRIES) which measures both the national economic
efficiency and the regional redistributive effects of public investments.
This system is designed to trace income effects, redistributions of
industrial activities, and population movements over a detailed regional
delineation of the Nation over time. The underlying income accounting
procedures incorporated in the NRIES permit consistent comparisons of the
national and regional economies with and without a public investment over
the life of the project. The system is constrained such that the genera-
tion of industrial activity stemming from the public investment in one
region is balanced by explicit reductions or foregone expansions of
similar industrial activity in other regions. Additionally, the regional
specification of the project labor force in correspondence with employment
in the NRIES, reveals at each point in time the existence of otherwise
unemployed labor that may be captured as a result of one or more of the
regional redistributions. If captured, the level of national income is
increased by the net addition of the earnings of these newly employed

resources.

For the most part the BEA measurement effort is not directed toward
estimation of the primary income benefits attributable to a project.
Calculation of the primary income benefits, as in traditional B/C
analysis, remains the responsibility of the agency proposing the project.
However, in order to be able to serve agencies which do not have the
capability of estimating the primary benefits of a program, BEA is also
working on primary effects model for manufacturing industries which are

sensitive to access to markets and to sources of supply. Calculations of
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primary benefits are required as inputs to the NRIES, which specifies the
regional redistributive and any net national secondary effects derived
through utilizing otherwise under- or unemployed labor. The outcomes
yielded by the submodels of the NRIES may serve, however, as feasibility
tests for the initial estimates of primary income benefits and for further

refinement of these estimates.

The NRIES has been designed to be specifically responsive to the
benefit accounts incorporated in the Principles and Standards of the Water
Resources Council. However, use is not restricted to these accounts.
Indeed, the system offers flexibility both with respect to the type of
public investment (water resource, pollution abatement, etc.) and the
associated benefit accounts, and to the level of regional aggregation

necessary in measuring the redistributions and secondary benefits.
Conceptual Basis of the National-Regional Impact Evaluation System

National income benefits can be attributed to public investments only
insofar as increased productivity per unit of input and/or increased
utilization of otherwise resources may obtain. Too often regional models
are brought to bear in evaluating public investments in which regional
redistributions are perceived in total as National benefits. The reaction
against improper discrimination between regional redistributions and net
benefits has been widespread, and often overshoots its mark. Thus, the
tendency to argue that secondary benefits completely wash out at the
national level is opposite to the attribution that all regional secondary
benefits constitute national benefits. This polarity of views in
practice results from the inability heretofore to measure the incidence
of displacement and to assess the extent to which displacement may offset

generation. And it is this inability which the BEA System seeks to remedy.

The system of models being developed by BEA discriminates between
regional redistributions and secondary net national benefits by identifying
the geographic location of total generation and displacement effects. For
impact analysis, there is no valid distinction between primary and
secondary effects. Rather, the total generation and displacement effects
determine both the redistributions and the net national effects. The

purpose of distinguishing between primary and secondary effects is to
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delimit the various agencies' responsibilities and expertise with respect

to measuring each of the partial effects.

The BEA System is designed to trace primary displacements and both
secondary generation and displacements, once given estimates of primary
generation by the agency proposing the project. The latter serve as
inputs to the NRIES in the form of estimates of increases in economic
activities by immediate users of the project outputs in areas directly
advantaged by the proposed investment. The impacts are first traced as
offsetting deviations from a conventionally defined full employment

reference economy is that with and without project comparisons may be

made on a basis of other things remaining equal. In addition, reading
from a common full employment reference economy permits alternative
regions. Deviations from the reference economy consist of the direct,
indirect and induced effects attributable to the public investment, in
terms of the increases in economic activities in some areas and decreases
(or foregone expansions) in others. Redistributions of economic activity,
net employment and associated income effects are measured by several sub-
models of the NRIES: (See Figure 1)

1. Initially, a regional specific industry displacement model
determines which regions will be competitively disadvantaged
offsetting the increases in areas benefited by the public
investment.

2. An interindustry multiplier model assesses the secondary effects
on both competitively advantaged and disadvantaged areas. These
effects include the induced expansions and contractions on both
suppliers or intermediate goods and services to directly affected
industries and suppliers of consumer goods and services to the
affected regional populations.

3. Industry location threshold models identify any further induced
redistributions of economic activity stemming from changes in
the size and industrial composition of areas.

4, Associated with changes in economic activity, models detailing
population, labor force and migration balance regional employ-

ment opportunities and labor force.

-254-



4 Buibobus asosaq 3 oy wnyau 3 puo q uayi ‘o013z o} |onbaun 310 § Jo  sindino 1 231ON

sabuey) (esnjonng
uodn burmoyjo 4
S1wawadLdsig

SMO[4 99104 Joqe e
pue vonejndoy
159
a - 1opopy ° 1
3

uoitesbyy
lopoy
luswaomdsiq

uonezimn

pAojdwaun
TSm0

joqen
1apowy
uonendoy
1apoyy T
@ @ @ @ 32104 J0qe7

salewrisy

103235 Asnpuy 1010ag Ansnpuy WawAo|dwaun
Jiseg ui Asenjuapisay w
sabuey?) jeanianng sabuey jesnionng

O 90
f ! .

519343 |euonieN 'Z .
: $139§43 annnquasipay 'y
19poW ploysaay § ’ Auwiouoa3 asuasajay sy g e
Ansnpuj aiseg 2 Ansnpuj Asenuapisay {stuawaoe|dsiq pue suonesauan)
3 3 - sabuey) jetog
w o

Awouooy edualejay

suoibay £41 7
3yl vt jeuoneN °|
Awoundz asuasajey sucitenuag Arewiiy
sludwale|dsi(y pue syl ut
suonessulI pandinynpy .

Auwouoa3 aouasapey
SudWIde|dsi1 Asewlty

A
@.lv._ 1apow

suoneilsuan ot
Asewsiy

Z 8 Rpoyy Ateujwnjaig

{eLnsnputsauyg Juawadeidsig A.@ v
@I-' pue

tevobauatuy Al@ ) A.»o__om S~ uonenjeay 0l
4

o

waisAg uonenjeay jaeduiy jeuoiiay-jeuoneN— 1 JUA9IY

-255-



The employment estimates calculated by the interindustry multipl ier
and industry location thresholds models and redistributed by the dis-
placement model together with the labor force estimates calculated in
the demographic model yield the estimates of regional unemployment at

each point in the projection period.

The unemployment rate estimates are required as inputs into a labor
force utilization test which compares the difference between the labox

market conditions in all regions of the Nation with and without the

proposed project over its lifetime. The labor force utilization test
separates out labor force transfers consisting of management and skil 1led
personnel required for the new or expanded enterprises in the competi tively
advantaged areas, and other migrants into or out of the area who loca te
wherever job opportunities exist and thus would be otherwise employed i
the reference economy. Both categories are treated as redistributions
that neither add to nor subtract from preexisting national access to labor

resources.

The utilization of the residual, otherwise unemployed resident 1 abor
force is then subjected to a test for net national employment effects .
Here rates of unemployment in the generation area (competitively advamtagd
by project) and in displacement areas (competitively disadvantaged by
project) are compared. A net displacement relationship evaluates the
reemployment potential of released workers in the areas of displacememt
so as to subtract out from gross displacement those who are likely to
become reemployed during the appropriate time interval. The higher the
unemployment rates in the generation areas relative to those in the
displacement areas, the smaller is the value of net displacement (the
greater are the net national employment effects). The rationale for -this
relationship is that areas with persistent high unemployment rates (e -ven
in the face of substantial ﬁet outmigration) are not as well integrat e(
into the national economy as are areas with relatively low unemploymemt
rates. For example, the shift of the textile industry from the New Emglad
and Mid Atlantic States to the Southeastern States was accompanied by
unemployment of textile workers in the former two displacement region s.

Thus new employment opportunities were provided in the South East whi ch
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may not have existed otherwise, while the disemployed industrially
experienced workforce, particularly in the bigger cities in the displace-
ment regions was generally successful in finding new employment oppor-

tunities in their regions although the process was not instanteous.

In summary, the NRIES traces the direct, indirect and induced
redistributions of economic activity and population, and then consistently
nets out redistributions to evaluate the net increase in national utili-
zation of otherwise unemployed labor force, attributable to the project:

1. Gross Generation - Gross Displacement = Regional Effects,

2. Regional Employment Effects - Transferred Skilled and Managerial
Personnel - Other Migrated Labor Force = Utilization of Resident
Unemployed Labor Force,

3. Utilization of Resident Unemployed Labor Force - Reemployment of
Disemployed Labor Force in Areas of Displacement = Net Displace-
ment Effects, or

4. Utilization of Resident Unemployed Labor Force - Net Displacement

Effects = Net National Employment Effect

At the national level the output of the NRIES consists of two pro-
jections of national income and employment. One is based on the assumption
that the project takes place; the other constitutes a reference line
projection based on the assumption that the project does not take place.
The difference between them, each year, is a measure of net primary bene-
fits (provided by the sponsoring agency) plus the net national secondary
benefits associated with the net utilization of otherwise unemployed labor

resources.

Work is continuing on the development of this system. However, it
will be several years before the models can become completely operational.
We first need to develop a system of regional accounts largely composed
of multi-regional input-output tables including corresponding interregional
trade flows. When the complete system does become operational, it is
expected its capability of measuring the benefits derived from the utili-
zation of otherwise unemployed labor to be included as an objective of
planning and accounting for those benefits in an integrated accounting ’

system with respect to the regional and national accounts will facilitate
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the inclusion of regional development as an objective of water and related
land resources planning.
Estimating Secondary Regional Economic Impacts
(A BEA Operational Model)
Inasmuch as the NRIES will not be operational for some time, we
have been working on more partial procedures which can be used in the
meantime and which will also have continuing value after the NRIES is
completed. I am now going to describe procedures developed in BEA for
estimating regional impact multipliers. These multipliers will partially
fulfill the requirements of the Principles and Standards for determining
the income and employment changes generated by a water and related land

resources project or program.

These multipliers can be used analytically in that they are reliable
approximations of the total intraregional effects of some initial change
in a region, and also they permit the analyst to identify differences

between alternative courses of action.

Our procedure generates a unique I-O type multiplier for each industry
by which an initial regional change is transformed into a total regional
change. The procedure accomplishes this in an inexpensive manner with a

system of programs and regional data files.

Total regional economic impact includes the primary impact and the
secondary impacts as well. While the primary impact results from the
production in industries directly affected by the program or project,
secondary impacts result from the chain of regional expenditures set off
by the initial change in production in primary-impact industries. That
is, other regional industries will experience an increase in production
simply because they supply inputs directly to the primary-impact industry.
In addition, each industry that realizes an increase in production will
increase its payments for the services of the region's labor force, thereby
increasing household income and, in turn, comsumption expenditures and

regional production.
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Overview of Estimating Procedures

Total impacts are estimated by means of industry-specific regional
output or earnings multipliers. In general, multipliers represent a ratio
of total change (in output, earnings, or employment) to some initial
change, which we call the primary impact. The multipliers developed are
"industry specific' in that a unique value is estimated for each regional

industry for which a primary impact is predicted.

The procedures that are employed are generally applicable. That is
to say, they are not limited tb analyses of special problems. Multipliers
may be estimated for any industry in any county, group of counties, or
State. The industry for which a multiplier is estimated may be any four-
digit (SIC) manufacturing industry, while three-digit detail is possible
among the other industry divisions. These multipliers are of the Input-
Output (I-0) type and are analogous to the industry-output multipliers
generated by an I-0 model for a region. The total output change of an
initial final demand change is the product of the multiplier and the
final demand change. These I-O type multipliers, however, are estimated

without the actual construction of a full regional I-O model.

The time and manpower required to construct a regional I-0 model
often exceed the resources available to a particular research project.
Further, such an effort need not be undertaken in any case, if the
resulting model is only used to estimate impact multipliers. The multi-
pliers developed by this procedure are sensitive to differences between
industries, as are the I-0 multipliers, and they can be readily re-

estimated for any region composed of counties.

Multiplier estimation is accomplished by dividing the multiplier
into three components - the direct effect, the indirect effect, and the
induced effect - and by using a variety of secondary data in estimating

each effect. See Figure 2.

The direct-effect component is derived from an I-O model direct-
coefficient table - it is the sum of the column for which a primary
impact is predicted. Each element of this column represents the purchase
required from other industries per dollar of output of the primary-impact
industry. The direct effect represents the first round of additional

regional expenditures resulting from the primary impact.
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Metals Industry Multiplier

Total multiplier

1.000 - Initial final demand change
.412 = Direct effect
1.880
—— .028 - Indirect effect
.440 - Induced effect

Grain Products Industry Multipler

Total multipler

1.000 - Initial final demand change
.757 - Direct effect
2.625
.237 - Indirect effect
.631 - Induced effect

Figure 2 Decomposition of Selected I-O Multipliers for Nebraska

Source: Theodore W. Roesler, F. Charles Lamphear, and M. David Beveridge,
The Economic Impact of Irrigated Agriculture on the Economy of
Nebraska, {Lincoln: University of Nebraska, Bureau of Business
Research, 1968).

-260-



uotleWIISy 1093F4~30211q ¢ oind1

399334 399334 3990339 399231Q eoxy Apnas 309333
30921 1Q 309atq Aa3snpuj Axasnpuy UI paosnpodd 109x1Q
Ax3snpul TeUOTIBN Po3IIPY JO IBUOTIEN jou sindug Ax3snpug
BOIy Apnag o1 UOT3RZI[RUOISIY po311pd sapnioxy v TeuoTleN
| il T
sjuatyon)
uoT1ed07]
Ax3snpuy 3oeduy
-Arewtxg Io3j 3ndinQ _
/s8utureg JeBUOTIIEBN .
6 Baay 4Apnig roay Apnig T9PON
I0F ®le(d X0J SsaTaisnpuy indang-andug
s3utuxey vydq 31310-¥ JO °T1d ¢ [euoTIEN

-261-



The indirect and induced effects summarize additional rounds of
regional expenditures resulting from the primary impact and can be
defined in terms of the I-O model. The indirect effect represents
additional rounds of interactions between industries that indirectly
supply inputs to the primary-impact industry. The induced effect results
from a change in regional household income, from the subsequent change
in regional consumption expenditures, and from the regional production

that goes to support that consumption.

The approach used involves estimating the direct-effect component
of the multiplier by scaling down a column from the national I-O model
and be regionalizing it. The indirect and induced-effect components are
estimated by examining the functional relationship between the direct
component of I-O multipliers and the corresponding indirect and induced

components.

Direct-Effect Estimation

Estimating the direct-effect component of the output multiplier for
a particular regional industry involves estimating the structure of inputs
for that industry. The starting point is the 478-industry version of the
national I-0 model, which permits the selection - as a primary-impact -

of almost any four-digit SIC manufacturing industry.

The procedure outlined (Figure 3) includes the following steps:

1. The national gross flows - or transactions - for the primary-
impact industry are extracted from the national I-0 model,
indicating the dollar value of purchases from other four-digit
industries.

2. Gross flows are converted to national direct coefficients by
dividing each purchase by the primary-impact industry gross
output. The resulting coefficients represent the purchases from
each supporting industry per dollar of primary-impact industry
gross output. The sum of these coefficients is the national
direct effect.

3. County Business Patterns four-digit SIC county data are used to

create a file of industries present in the aggregation of

counties comprising the study area.
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4. This file is then compared with the column of input-requirement
coefficients derived from the national I-0 model to check for the
regional production of specific input requirements.

5. In cases where a particular input is required but not produced
in the study area, that element of the column of input require-
ments from the national I-O model is deleted, thus producing a
column of edited coefficients.

6. BEA earnings data, by county, are assembled into the county
configuration of the study area.

7. A location quotient is calculated for each industry in the study
area. For a given industry, it is the proportion of regional
total earnings represented by the industry, divided by the
national proportion.

8. The final step of regionalization of the column of input coeffi-
cients is the application of ‘a location quotient (L.Q.) criterion
to the elements of the column of edited national coefficients in
order to determine whether, in each case, there is sufficient local
production in a givén supplying industry to permit the input to
be purchased in the study area. If sufficient production is not
present, the coefficient is adjusted to reflect the portion of
the requirement likely to be pufchased, (If the L.Q. is less than
one, the coefficient is multiplied by the L.Q.)

9. The labor requirements of the primary-impact industry are calcu-
lated, in terms of earnings, based on the national ratio of
earnings to gross output.

10. The direct-effect component of the multiplier for the study area
is the sum of the regionalized edited national industry direct-
effect coefficients and the national earnings/output ratio. The

latter element brings the household into the direct effect.

A number of assumptions are made in the process of estimating the
component: first, the primary-impact industry employs the same technology
of production in the study areas as is embodied in the national I-0 model
and second, in applying the location-quotient criterion to scale down the
national coefficients, the portion of particular regional industry's

output sold to the primary-impact industry is the same as in the national
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I-0 model. Finally, it is assumed that the proportion of industry expen-
ditures paid to households, primarily for labor services is the same as
that for the Nation as a whole. We believe these assumptions are reason-
able for most areas but we are now involved in empirical studies which

will determine their applicability.

Indirect- and Induced-Effect Estimation

The direct component of the multiplier, discussed above, accounts for
the output effect of direct requirements purchased by a primary-impact
industry. The total effect includes indirect interactions between industries
and induced effects resulting from personal consumption expenditures of

local consumers whose incomes are affected by the direct and indirect effects.

The approach used for estimating the indirect and induced components
of the mulitplier evolves from empirical and conceptual findings. 1In an
I1-0 model, and under empirically common conditions, the indirect (or
indirect plus induced) component of the output multiplier can be estimated
by a linear homogeneous function of the direct component. In the I-0
framework, the componeht is added to the multiplier by including households
as a sector in the model; payments to households for labor services are
represented by a row and sales to households by a column. In this scheme
the household sector does not differ, conceptually, from any other industry.
Estimates, therefore, are developed for the indirect component alone and

for the indirect and induced components of the multiplier.

In the procedure by which the indirect and induced components of the
output multiplier, for a specific regional industry, are estimated (Figure
4), a sample of regional I-O models, representing a wide cross section of
regional economies in terms of size and industrial diversity, was first
collected. An interdependency coefficient--representing a single-value
description of the degree of interaction between industries in the
economy--was estimated for each regional I-O model. The purpose of this
step was to test the hypothesis that the indirect effect component of the
multiplier could be estimated as a linear homogeneous function of the
direct effect component. It was found that 85 to 95 percent of the
variance in the indirect effect component could be explained by this

simple function of the direct component.
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The next step was to explain the value of the interdependency coeffi-
cient in terms of the characteristics of each regional economy. With this
relationship established, it was then possible to predict the interdepen-
dency coefficient for the region for which there was no I-0 model. The
size of the economy, in terms of total earnings, was used as the explan-

atory variable in estimating the interdependency coefficient.

Projecting Total Impacts: Output, and Labor Earnings

Projected total output changes are estimated by applying the
appropriate area and industry multipliers to the projected primary impacts.
Projected labor earnings impacts are also estimated. Earnings ratios for

each area are derived from the OBERS projections.*

The multiplier estimating system is operational. To use it, a
request must be made to the Regional Economic Analysis Division, BEA. The
system cannot be turned over to others to run because confidential data
files are used in the estimating. The request for multipliers should
specify: (1) the area to be included, and (2) the industries for which
multipliers are required. Those requesting this service will probably
want to consult with the BEA staff in the determination of the area and
industries involved. The cost of the service will be about $1,000 for

each area.

* Forthcoming publication, Bureau of Economic Analysis, 1972, OBERS
Projections: Regional Ecnomic Activity in the U.S.: Series E
Population, U.S. Water Resources Council (Washington).
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MEASUREMENT OF SWB EFFECTS

Dirk P. Lijesen
Consultant, INTASA

Menlo Park, California

The role of this account is to display the effects resulting from the
interactions between the inputs and outputs of a plan and the social and
cultural setting in which these are received and acted upon. Social well-
being effects are to '"be displayed where appropriate to give further assis-

tance to the decision maker."

A previous paper considered the nature of the information to be displayed
in both the RD and SWB accounts, problems in implementing the Principles and
Standards, and a process of focusing planning and evaluation on important
linkages between water resource systems and the effects described. This
paper focuses on discussing alternative means to approaches measuring SWB
effects in line with the broad mandate presented in the Principles and
Standards.

Summary of Principles and Standards

Table I presents the text of the Principles as it relates to SWB.

Table II presents a summary of the Standards with respect to SWB. To gain
familiarity with the intent of this account the reader should carefully review
these tables. In broad terms the following points set the tone for the sub-
sequent discussion.

* The term ''where appropriate' in Table I is not defined for any of the
effects described, even though a planner/evaluator is expected to
include only effects considered appropriate.

+ There are few if any formal methods mentioned in Table II that the
planner can use in attempting to satisfy the Principles and Standards.
There is no clear definition of the effects to be measured, let alone
the methods to be used in measuring them. As a result measuring SWB

effects can be considered more art than science.
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Table 1

TEXT OF THE PRINCIPLES

For each alternative plan, the beneficial and adverse effects on social

well-being will be displayed where appropriate (Page 8).

B. Beneficial and Adverse Effects on Social Well-Being

The beneficial and adverse effects of a plan to be displayed where

appropriate in the social well-being account include:

a. Real income distribution. The effects of a plan on the real

income of classes or groups that are relevant to the evaluation of a plan will
be displayed. All effects, both monetary and income in kind, will be included

in this display.

b. Life, health, and safetyf Plan effects on life, health, and

safety other than those evaluated monetarily for the national economic develop-
ment objective will be included here. Measurement techniques will vary but

would largely be in terms of physical units.

c. Educational, cultural, and recreational. The effect of the

plan on educational, cultural, and recreational opportunities.

d. Emergency preparedness. The effects of the plan on reserve

capacities and flexibilities in water resource systems and protection against
interruption of the flow of essential goods and service at times of national

disaster or critical need will be displayed.

e. Other. Other effects on social well-being may be identified

and displayed as relevant to alternative plans (Pages 9, 10).
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+ Confronted with such a situation one of the first requirements is
to indicate the type of methods that the planner can draw upon in
starting the SWB measurement process and the delineate guidelines
that will provide focus to this process. To this end, in the follow-
ing section the outline of an approach is presented and remaining

sections address illustrative examples of SWB assessments.
Approach

A. Introduction

The measurement of SWB effects is a process of gathering and structuring
information on how proposed water resource systems can affect people, both in
the region under study and elsewhere in the nation. This discussion is con-
cerned with the problems of measuring impacts within the study region. Ex-
tension of contepts to include people affected outside the region can be

accomplished ohce an approach is implemented within the region.

As indicated in the Principles and Standards much of the argument to
be made in the assessment of SWB effects is qualitative. The strength of the
argument is going to rest on how clearly individual effects are identified
and linked to the water resource system. The following steps outline a
procedure for gathering information, identifying the affected part of the

population and assessing the importance of the effects.

B. A Stepwise Procedure

Step 1: Baseline Description of the Region

The first step in identifying SWB effects is to develop a description
of the study area which will highlight social issues relevant to the study
area. The baseline description should capture the range of objectives and
concerns in the social domain that potentially can be related to water resource
evaluation. The following guidelines are suggested:

+ For the information developed it is important to provide a compari-
son with other regions, and perhaps the U.S. as a whole. This will
indicate the relative condition of the study area or its parts.

+ The categories of information to be examined are essentially con-
tained in Table II. In addition it is suggested that information
be provided on social concerns related to (1) population displace-
ment and/or dispersal; (2) employment; (3) housing; and (4} aesthe-

tics. Although for each of these categories indicators are included
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in the other three accounts, the rationale for inclusion of concerns
related to these categories in the SWB account is that they all carry
aspects that go beyond the mere statement of changes. For example

as a result of employment changes a community might experience a
drastic change in public image which in a particular study area

may be a significant social issue. A baseline description should

contain such information.

Step 2: Direct Linkage with Water Resource Plans

Having identified the base characteristics of the region, the next
step is to identify direct linkages with water resource plans. E.g., flooding
can directly affect the housing stock through damages and preventing further
development in an area. Another example is that a navigation project may
directly influence the number and types of jobs in an area both in the short

(construction) and long term (new industry).

The product of this step is a list of direct linkages between social

issues identified in the baseline description and the water resource plans.

Step 3: Identification of Affected Population and Social Impact
Study Area

The purpose of this step is to introduce two concepts - Affected Pop-
ulation and Social Impact Study Area - into the assessment process aimed at
providing further focus. The rationale for inclusion is clear: without de-
fined boundaries practical procedures are doomed to fail because no attempt
is made to separate the important from the unimportant. Moreover, making these
concepts operational is difficult and requires the planner's judgments. The
following guidelines are suggested.

» Affected Population. On the basis of the identification of direct

linkages, the population most directly affected can be identified.
This may be in terms of one or a combination of the following:

+ Geographic area.

+ Age.

+ Race or ethnic group.

* Income.

The basis for defining the affected population should be the type
of local problem involved and the nature of the linkages with the

system. E.g., flooding affects a geographic area; as a result
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the population inside the floodplain could be chosen as target
population and contrasted with the population outside the flood-
plain. However if the main linkage between flood control and
social effects entails income redistribution a better definition
is provided by stratifying the population according to income
levels regardless of where they live in the study area.

* Social Impact Study Area. A social impact study area can be

defined which represents (1) an area at whose boundaries the sen-
sitivity between the water resource system and the social effect
under consideration drastically "drops' and (2) an area which
facilitates the handling of data on existing conditions and poten-
tial effects. For example, if income redistribution is the issue,
census tracts with 20 percent or more of the families below the
poverty level may be selected as the Social Impact Study area.
Other data on education, employment and housing can then be used

from those cdensus tracts as needed.

Step 4: Estimate Direct Linkages

For each direct linkage identified, an estimate should be made of
its magnitude for the selected target population, and the degree to which it
alleviates local problems. E.g., the potential number of housing units that
would be added with flood protection could be estimated and related to the

housing needs described in the baseline information.

Step 5: Estimate Multiplier Effects

An assessment should be made to determine if the direct effects have
multiplier effects important for overall community development. There are
three characteristics of the effects of water resource plans to be considered
here:

» Community Motivation. If the plan alleviates a severe local problem,

residents may find greater incentive to participate in community
improvement efforts. E.g., if flooding and associated home damage
are eliminated local homeowners may be more willing to maintain or
improve their homes.

* Community Resources. Improved water resource development may conserve

community resources. Again using flooding as an example, the need

for cleanup, road repair and other efforts might be eliminated,
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allowing local funds to be used for more desirable purposes such as
improving parks.

* Combined Effects. The direct linkages as a whole produce multiplier

effects they could not achieve alone. E.g., a combination of improved
housing and job opportunities may be needed in a community before

there is a substantial change in its social characteristics.

C. Summary

The approach described here suggests steps that a planner/evaluator can

take in assessing SWB effects:

* Develop a baseline description of the study region and compare it to
other regions using the components of Table II.

+ Identify direct effects of water resource plans on those components.

- Identify the people affected and define an appropriate social impact
study area.

« For the social impact study area estimate the effects of the plans
and relate to the initial description of the total region to show the
relative effects.

* Determine multiplier effects affecting the overall well-being of the

social impact study area.

SWB Measurement: Illustrative Examples

A. Introduction

The purpose of this section is to provide an overview of SWB measurement
by presenting a number of illustrative examples. SWB measurement procedures
can be broadly classified into two groups. In the first group the emphasis
is focused on analyzing effects within each particular component of the account.
In the second group the focus of the procedure is on developing a composite
picture of the effects on community well-being supported by analysis of indivi-
dual components. The premise for such composite analysis is that the '"total"
social impact of a water resource plan is more than can be discovered by the
analysis of individual components. In particular the emphasis in composite
analysis is on the identification of effects whose interaction is such that
the total impact surpasses a certain threshold of significance; a fact which

is not obvious from individual component analysis.

-274-



In Section B assessment of public health effects and recreation
opportunities exemplify individual component analysis. In Section C two
composite analyses are discussed representing two recent efforts in SWB
measurements. Each of the following sections allows for a set of observa-
tions regarding the SWB measurement process. These are set out in the con-
clusions following each example with the intent of passing on what has been
learned from actually performing SWB assessment. In line herewith it is
asserted that, for some time to come, the assessment of the SWB effects will
have to be improved in a similar manner, i.e., more actual assessments have
to be performed that provide the experience and ''case study" data that precedes

more rigid metholology development.

B. Individual Component Analysis
1. Alternative Approaches for Estimating Changes in Public Health
a. Introduction

The concern here is to assess the potential threat of disease and
toxic effects in terms of the potential changes in incidence and the nature
of the impact on the affected individual. Typically, evaluations of health
impacts are presented in highly qualitative form, indicating only that in the
judgment of the evaluator there is a greater or smaller chance of .certain dis-
eases or toxic effects occurring due to water programs. This was done in the
five pilot studies in wastewater management, e.g., in the Southeast Michigan
study, Appendix G (Ref. 1). An alternative to this approach assesses the
relative importance of possible effects resulting from water resource pro-
grams and presents an overview of the health program dealing with both the
uncertainty in any estimate of impacts and the severity of different types of
impacts, This approach was applied in a recent study of the San Francisco
Bay area for the Corps of Engineers (Ref. 2). The study showed, for example,
that wastewater disposal at particular sites can result in increases in rabies
and the nuisance of pasture mosquitoes. The chance of the mosquito nuisance
is greater than for rabies, but the severity of rabies infection is greater
than that of mosquito bites for the individual affected. Because the latter
procedure is more explicit in dealing with the public health problem, it is

recommended for application in areas with potentially major health effects.
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b. Recommended Procedures

In this subsection the recommended procedure is described in terms
of data requirements and the method used to encode physical judgment on the
probability of a disease or nuisance occurring and its severity. The discussion
is abstracted from an unpublished paper prepared by Dr. Robert C. Cooper, School

of Public Health, University of California at Berkeley.

1. Information Needs. In assessing the public health hazard,

it is important to consider (1) the agent, (2) the dose, (3) the dose response,

and (4) the dose contact.

The agent is the cause of the disease and may be classified as
either biological or chemical. The biological agents include bacterial, viral
and parasitical organisms. They may be either directly transmitted to man via
the water route or indirectly by water resource management practices resulting
in the development of disease. The chemical agents can be subdivided into
organic and inorganic components. Direct transmission of these via water is
normally the rule; however, transmission of the chemical in its original or
transformed state via the food chain must also be considered, e.g., the con-
version of mercury to methyl mercury and the subsequent concentration of this

component in fish. A comprehensive list of agents is given in Table III.

The dose is the concentration of agent delivered to the exposed
population. It must be considered not only in terms of concentration but
also in terms of duration of exposure. The dose of biological agents depends
on the prevalence of disease already in an area plus whatever changes occur
due to the treatment processes that are introduced. The dose of chemical
agents depends on the degree of treatment and the existing concentration of
those agents in the region's waters. With regard to chemical agents, solids
management is an important concern and must be assessed as a potential source
of pollution. Information on the expected concentrations of biological and

chemical agents should be available from the treatment system designer.

The dose response is the rate of infection of the population at

risk; it depends upon factors such as virulence or toxicity of agents involved,
age distribution of population exposed, socioeconomic factors and in some
cases racial mix. That dose of agent to which a susceptible population responds

is an area in which the least amount of information is available and is the most
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Table III

AGENT CATEGORIES

A. Infectious Enteric Diseases Assoicated with Water

1. Bacterial

a. Typhoid Fever
b. Salmonelia (other than typhoid)
c. Shigella

d. Other*

2. viral
a. Infectious hepatitis
b. Enteric viruses

3. Parasitical

a. Amoebic Dysentery

B. Zoonotic Diseases

1. Arthropod Borne

a. Arthropod borne encephalitis
b. Murine typhus

2. Nonarthropod Borne
a. Rabies
b. Leptospirosis
c. Tularemia
d. Swimmers Itch

C. Noninfectious diseases

1. Toxic Chemicals

a. Inorganic Chemicals

(1) Heavy metals
{2) Nitrates
(3) Hardness

b. Organic Chemicals

(1) Halogenated hydrocarbons
{(2) Carbon chloroform extractable (CC) and
carbon extractable (CAE)
(3) Other organics depending upon industry present

2. Allergens

a. Pollens
b. Dusts
3. Nuisances
a. Rodents
b. Biting Insects
c. Ordors

* Other would include disease peculiar to a study area as may be determined by

local and state health authorities. Such a category is implied in each agent
category.
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difficult to assess. Therefore, the iaformation is best found by soliciting

the judgment of practicing physicians and public health officials.

The dose contact is the exposure of an individual to an agent. The

primary modes of contact are by:

* Ingestion of water through drinking and cooking.

* Recreational contact which may be direct as in swimming or indirect

as in fishing and boating.

* Inhalation of airborne agent.

* Association with wildlife, including insects.
The dose contact by the susceptible population from possible contamination of
surface and groundwater supplies should be estimated in terms of the number
of people using these various supplies. This is principally determined in
light of wastewater effluent disposal methods, although the impact of multi-
purpose impoundments (flood control, recreation and water supply) on the sani-

tary quality of drinking water should also be considered.

Water resource developments will often increase the population's
potential contact with disease agents through swimming, boating, fishing,
hiking, hunting, and similar past times. The projected number of man years
or visitor days related to the water resource program should be ascertained.
Disease vector impact should be estimated from estimates of domestic mammal
population, information usually available from the State Department of Agri-
culture, and estimates of hematophagous arthropod populations, primarily mos-
quitoes. This latter estimate would require information concerning area
(acres or square miles) of breeding sites both existing and projected, and
control measures (water management and mosquito abatement) presently available
and proposed. The local health department or mosquito abatement district
should be the source of these estimates. Estimates are needed of vertebrate
populations, particularly the avian fauna, small mammals and wild carnivores.
Finally, there should be a description of the major geological features of
the general geomorphology of the region, and descriptions of the types of
natural vegetation and types of agriculture. The effect of water management
upon these conditions must be projected in order to understand potential changes
in the population of animals of public health importance, and should be done

by an ecologist. The general data requirements are summarized in Table IV.
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Table IV

GENERAL DATA REQUIREMENTS FOR HEALTH ASSESSMENT

A. Present incidence of disease (morbidity and mortality data that
may be available).
B.  Human population at risk, present and future
1. Population size
2. Age and race distribution
3. Population in contact with health problem
a. Recreational contact in all its forms reported

in "man days"
b. Drinking water supply and how it will be affected
by management schemes

c. Food sources affected by water management (irrigation)
C. Land Area Involved
1. Size
2. Geomorphic province

3. Vegetation type
4. Surface and ground water sources
D. Climatic Data
1. Air and water temperatures (average and seasonal range)
2. Rainfall and humidity
E. Wildlife census affected with particular reference to reservoir,

vector and nuisance animals.

2. Assessment Procedure. The assessment requires systematic

encoding of the professional judgment of practicing physicians using the infor-
mation just described. The two factors mentioned earlier, the probability

of a change in incidence and the severity of the disease or toxic effect, are
to be assessed by the physicians. The procedure separates considerations of
the two factors so that the evaluation of severity is made in terms of its
effect on life expectancy, degree of disability, and degree of treatability,
but not with regard to incidence. The judgment by experts can be encoded b
selecting a point on a linear scale from 0 to 100, where the end points of

the scale are represented by agreed-upon health categories. The judgments are

thus relative in comparison to baseline problems.

The probability of a health problem occurring is necessarily a

subjective judgment given the present state-of-the-art in public health
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problems related to water resource systems. Therefore, it is recommended (1)
that a '"public health problem" be defiried for each disease category in terms
of either any increase in incidence or a specific level of increase, and

(2) that the experts judging the severity of the problem estimate the prob-
ability of such an increase. Estimation of probability can be presented

on a linear scale of 0 to 1 where zero means no probability of increase in
problem and 1 means 100 percent probability of occurrence. This can be

described mathematically as:

(=

1

wn
1

(D

L
ot

=]
nes-13) 41 ~13

Where Si is the expected magnitude of public health change due to management

procedure 1i; PiJ is the subjective probability that procedure i will produce
public health problem J (0 f-PiJ < 1); SJ is the physician's opinion of the
relative severity of a public health problem J (0 f_SJ < 100); and n 1is the
number of public health problems being evaluated. A detailed description and

application can be found in Reference 2.

c. Conclusions
From the public health methodology discussed several conclusions
can be drawn on the measurement of SWB effects:

+ The example demonstrates how the state-of-the-art can be advanced with
new methods. The approach developed here gives the planner/evaluator
much greater capability to deal with public health problems,

+ The detail of the information categories and the expert knowledge re-
quired to assess the range of potential diseases shows the effort needed
for an in-depth serious examination of an SWB component.

» The procedure for utilizing expert opinion provides a systematic and
formal approach for overcoming a lack of data. Effective classical
statistical studies of public health problems are impractical with
present data sources. This approach permits more to be done than
simply indicating there may be a health threat by being more precise
in terms of (1) the chance of a problem arising and (2) its relative

severity for the afflicted individual.
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+ The methodology is derived from the field of decision theory and
applied to the field of public health. Throughout the SWB account
it is important to recognize the need for multidisciplinary efforts

in SWB measurement.

2. Recreation Opportunities

a. Introduction

This component portrays the social implications of changes in
recreation opportunities caused by a water resource plan. Approaches for the
analysis of three situations are discussed; (1) there are no specific planning
objectives for recreation, but the evaluation must display the overall value of
the plan; (2) specific objectives have been set, and the evaluation must cap-
ture system contributions to objectives; (3) the evaluation must assess the

adequacy of a facility's design.

b. Approach for Analysis without Specified Objectives

When planning objectives for recreation have not been set, there
must be an attempt to portray the ''value'" of a system's effect on changing the
amount and type of recreation opportunities in a general manner. Traditionally,
this has been done through some form of dollar measure, using either an esti-
mation of "willingness-to-pay," or an assumed dollar value per visitor day
multiplied by total visitor days created. These approaches were reviewed in
References 3 to 7. Based on the assumption that these approaches, as currently
applied, do not fully capture the value to society of providing recreation
opportunities, it is recommended that the following approach be used. There
are two critical elements to this approach: a regional profile of recreation

and an estimation of the change in visitation due to the plan.

1. Regional Profile

To display the value of a change in recreational opportunities, it
is necessary to provide an estimation of the change, and, in addition, a pro-
file of the problem addressed. This profile can serve as a basis to judge
the value of the changes. It consists of a comparison of the regional demand
and supply for specified recreational activities, such as water-skiing, fishing,
and swimming. First, demand and supply must be determined for. the recreational
activities, and expressed in common units for a specified time period, e.g.,

acres or number of people per peak day. Based on this information, the supply
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and demand can be composed to give an overview of deficiencies for specific

activities in the region.

While data on demand is usually available on a yearly basis the
recreation facilities are normally used at different levels during the year.

Problems that arise can be seen from the following discussion.

If wj is the percentage of total yearly visitations that occur or
day j, a problem can be seen in the following example. People do not swim in
January in winter climates; however, they might use a boat on a sunny January
Sunday. In this situation, W. is zero for swimming days in January, while W.
is not necessarily zero for boating days during the same period. Thus, total ’
yearly demand should be distributed over all days in the year to assess issues
such as peak day demand and average summer demand. It should also be noted
that resource planning is frequently performed to accommodate the peak demand
or some fraction of it, thus for purposes of resources planning the main
emphasis in estimating the distribution of Wj is on the accuracy of the peak
demand forecast, which means that inaccuracy in estimating "off-season" demand
can be tolerated. However, accurate estimation of Wj for "off-season'
periods is warranted in order to acquire insight into the time periods when

existing supply is only partly used.

Distribution for Wj should be estimated for different activities
to account for activity differences and to reflect expected recreation behavior
in the study area. It would be possible to make these estimates on the basis
of visitation statistics applicable to recreation sites in the area; however,
if statistics are not available, an attempt can be made to synthesize demand
estimates on the basis of visitation surveys presented in the literature
(Ref. 8; Ref. 9, pp. 141-146; Ref. 10; Ref. 11; Ref. 12, Chapter 16; Ref. 13).
Some typical time distributions that would be useful are average summer week-
day, average summer Saturday, average summer Sunday, average summer peak day
and average over summer months. The steps to derive these statistics are:
(1) distribute visitation over seasons, (2) distribute visitation months within
each season and, (3) distribute visitation over days within each month taking

into account the difference between weekdays, Saturdays and Sundays.

The number and type of facilities available for different types of
recreation are an input to the evaluation from the design phase. This data

should be in the form of number of participants that can be accommodated during
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a day. (In this example, demand and supply are taken to be in terms of
participants. Thus, supply data must be converted from acres to participants
The comparison could just as well be made in terms of acres with demand being
converted from participants into acres of land or surface acres of water.)
If the data is not available in this form, it must be converted. Often facility
information is provided as a number of acres of land or surface acres of water.
A factor for converting between acres and participants will be needed for
each recreation activity. This factor is a composite design standard to
express how surface acres are expected to be used; it can be formulated in
terms of a number of elementary standards which means that it is possible to
formulate assumptions regarding expected use more precisely. For example,
some elementary standards that could be combined to determine the number of
people who can participate in power boating during a day are:
* Activity-unit density (e.g., the average number of surface acres
required per boat).
+ Standard group size (e.g., thevaverage number of people per boat).
*+ Turnover rate (e.g., the average number of boats that can use the
""'same acre'" during the day, or, the average number of acres demanded

that can be satisfied by one ''physical” acre during the day).

If no generally accepted standards exist for the study area, data
can be used from other sources. Some sources of standards are References 8, 9,
10, 11, 04, 15, 16. A cursory review of the various standards used by dif-
ferent agencies shows that a wide range of values exist. It should be
recognized that without careful consideration of the standards to be used,
serious overestimation or underestimation of the acres required to support a4

particular recreation activity can result.

Given the above information on the demand and supply for different
activities, a comparison is made to determine regional deficiencies. From
this determination analysis should identify specific objectives which plans

can address.

2. Estimation of Visitation Changes

This analysis is used to determine visitation to individual sites
and to estimate the change in visitation due to providing new facilities. If
a new site is provided, or an old one expanded, the increase in participation
at the site is estimated on the basis of both participants who formerly recre-

ated in other sites and new participants who did not recreate before. Only
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the latter participants cause an increase in benefits. A complete description
of the flows of visitors from each population center to every recreational

site available for the particular activity is necessary in order to distinguish
the redistribution of visitation from the genuinely new visitation. Thus,

the visitation at individual sites and the change in total visitation for the
region are considered together. The model recommended for determining the
change in visitation when individual sites are added or expanded considers

the redistriubtion of participants among the sites in calculating the new
regional visitation. This model is described below, for the activity of

power boating.

For allocating the recreation visitation from population centers
to sites, the study area is divided into zones such that one point; usually
the centroid, in a zone is taken as the source of all trips originating within
that zone. The study area would be divided into zones reflecting the type of
output desired, such as for geographic areas of similar socioeconomic character-
istics. The recreation sites form discrete points of destination. For the
allocation from points of origin to sites, a gravity flow model, described in
References 17 and 18, is recommended. This model uses an index of attraction
for a particular site from a population center (which is most commonly an
indicator of site capacity, such as total water area devoted to boating or
total acres of improved facilities such as boating ramps) weighted by distance
or traﬁel time raised to an exponent. Determining the coefficients in the
model requires calibration with data on present visitation from the specific
population centers to the individual sites. As this type of information is
not usually available, the following form of the gravity flow model is re.

commended (for further detail see Reference 19).

Let P, be the population at center i and Vij the visitation
in visitor days at site j from poulation of center i. The ratio ,Vij/Pi
reflects the relative attrattiveness of site j for the resident of center
i. This ratio is assumed to be proportional to the supply sj offered at
site j, and inversely proportional to the distance .. between center i

and site j. This is expressed by

vij/pi =y, sj/rij (2)

where Yi is a normalization coefficient. For instance, a ten acre reservoir
five miles away from center i attracts as many people as a twenty acre lake,

located ten miles away.
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The total power boat visitation from center i 1is thus

n n
V.=l v..o=v P ) s,/T:: = Y0P, (3)

Where n 1is the number of sites and o5 is given by

10

i jzl sj/rij 4

e

g

and represents the value or attractiveness of all available supply for the

residents of center i, expressed in acres per mile. It can be expected that
centers with low o will proportionally engage in less power boating than
better supplied centers, i.e., having a bigger o~ Let d be the attractive-
ness of all activities (possibly nonrecreational) which are different than
power boating; d is also expressed in acres per mile and is assumed identical
for all centers. The propensity to power boat which is given by Y505 in
equation (3) depends on the attractiveness of power boating relative to the
total attractiveness of power boating and nonpower boating activities (014-d).

Hence the equation

Y0, = oi/(c + d) (5)

or alternatively

v;(o, +d) =1 (6)
for all the centers. Thus all the normalization coefficients Y; can be
determined once d is known. The constant d is chosen to match a known

average power boating participation rate B, i.e., to satisfy the equation

m m
L v.=8 ] P, 7N

where m is the nth number of population centers. The data required is the

regional visitation rate for the particular activity without the plan.

Using the model, the visitation at each site with both the project-
added capacities and the original sites is calculated. The visitation at all
sites is summed to give the total regional visitation with the project.
Regional visitation without the project is then subtracted to find the increase

in regional visitation. This increase in regional visitation can be used in
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the economic account by attaching a dollar value and/or directly displayed

in the recreation opportunities component of the social account.

With this model it is possible to project the visitation at
particular sites, and to study the degree of overcrowdedness at the sites.
Since the model gives the number of visitations originating from each popula-
tion center to each site, it is also possible to display the average distance
that a person in each center must travel for a particular activity. Coupled
with a characterization of the socioeconomic groups in population centefs,

the accessibility of the sites to different groups can then be determined.

Results from the regional profile analysis and the change in
visitation analysis are synthesized in order to display the value of recreation

opportunities provided by the proposed plan.

c. Approach for Analysis with Planning Objectives

When planning objectives have been defined for recreation, the
evaluation must demonstrate how the plan has contributed to the objectives.
Planning objectives serve a purpose which is analogous to the regional profile
in the previous analysis, i.e., they provide the basis for judging the value
of changes. In this situation, there are two steps necessary for the evaluation
(1) an operational definition of the objective, and (2) a modeling of the
relationship between the objective and the proposed plan. An example of this
approach is given in Reference 19, pp. 135-144, where the need for substantially

more data than is generally available is made evident.

d. Adequacy of Proposed Facilities

The purpose here is to determine the adequacy of a facilities plan.
Based on a specified design, an estimate should be made of future use, in
terms of type and amount. Then a determination should be made of whether
the amount and types of facilities are adequate, and match the projected
demand. Examples of concerns here include the availability of usable or
developed land acres and water surface acres, access roads, food services,
boat ramps and picnic tables. This information is necessary to assess
whether the potential for recreation opportunities is realizable. While
traditionally such analysis has been in the realm of the architect/engineer,
the planner/evaluator's input is critical to resolve such questions as:

+ What recreational design standards are appropriate:

* How should recreational areas be combined to best meet objectives

or to satisfy regional needs?
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* How can recreation facilities best be integrated with other

plan elements?

e. Conclusions

The recreation methodology example illustrates the following about

measuring SWB effects:

+ The concern for SWB issues in recreation has advanced relatively
far, e.g., equity of opportunities for the poor has been
developed into planning objectives for recreational programs
at least at a conceptual level.

 In practical terms the general application of planning objectives
is severely restricted by the lack of data on supply and demand.
Effective recreational planning and evaluation must be at the
level of detail of individual activities such as boating and
picknicking.

* As a result the implementation of a lot of good ideas for

improving water resource development is never achieved.

C. Composite Analysis

Two examples are presented here of analysis with a broad focus on
community well-being:
* Socioeconomic impact of providing flood protection in the Model Cities
Program area of North Richmond, Califormia (Ref. 20).
* Assessing the impact of riverfront development on the low income

area of Omaha, Nebraska (Ref. 19).

When analyzing a community, it is necessary to collect sufficient data
to delineate the study areas. For example, income in terms of the percentage
of families below the poverty level may be an important input. In the Omaha
study, a value of 20 percent or more of the families below the poverty level
in a census tract was the condition for including a tract in the "impact
study area.'" In the North Richmond study, the Model City definition of the
study area was used. As indicated earlier, local issues provide the basis

for definition of the study area.

1. Model City Program

a. Approach
In understanding the approach followed, it is important to bear in

mind that most of the crucial aspects of socioeconomic development in an
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urban community are not readily measured nor are they easily projected. Some
of the pertinent factors may have theoretically been identified, but in prac-
tice they are usually surrounded by uncertainty. In some cases, large amounts
of data may have been collected; however, it is seldom gathered and arranged
in a fashion that provides adequate measures to help answer questions and
assist in an evaluation task. Any analysis is bound, therefore, to be pri-
marily qualitative. The particular viewpoint taken was greatly influenced by
the nature of existing plans for community development provided by Model
Cities. In other words, it was assumed that, to a large extent, the right

questions had already been asked and the set of priorities appropriately chosen.

The analysis of impacts was organized to estimate effects re-
lated to the Model City Program under the following headings:

+ Direct effects of flooding.

+ Multiplier effects of flooding.

+ Total effects of flooding on community development potential.

1. Direct Effects of Flooding

Model Cities Program areas whose main components are directly
affected by continued flooding include environment, housing, business and
economic development, and recreation. These effects are seen as:

+ 1lmpact of damages under existing conditions and

+ discouragement of further development.

If flooding is not removed, property damage, time lost from jobs, schools and
leisure, health threats from contaminated water due to sewage backup, and
interruption of municipal and county services would not be avoided. On the
other hand, flood protection can be seen as contributing directly to the
enhancement of community development objectives. There is not much assurance
of appropriate quantitative interpretation of impacts in a problem like this,
so considerable effort was allotted to the development of qualitative descrip-

tions which would convey as much information as possible.

2. Multiplier Effects of Flooding

There is a variety of ways in which secondary consequences or
multiplier effects of the above direct effects of flooding develop in all pro-
gram areas. The scope of these multiplier effects is therefore analyzed in
an attempt to sketch the mode of operation of the propagation process. In this
manner, significant linkages are demonstrated and the procedure of describing

the total effect is simplified.
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All Model Cities Program areas are considered in this part of the
analysis. Those that are intimately related to each other are grouped so that
the analysis can be facilitated. The nultiplier effects of reduced motivation,
strained local resources, and the direct damage and deterrence of further de-
velopment are described in terms of their impact on other socioeconomic indi-
cators. In some cases, such as housing, where potential developers of new
housing would be dissuaded by continued flooding, there is a clear relation-
ship between primary damages and secondary consequences if the adverse factor
is not removed. This allows the establishment of the role of flooding as an
impediment in a quantitative way. In other cases such as education, health
and crime, there is a more general relationship between conditions in the pro-
gram area and the potential for overall development of the community. For
instance, low educational attainment is typically associated with low average

socioeconomic levels.

3. Total Effects of Flooding on Community Development Potential

Finally, the overall picture of the extent to which community
development effort is undermined by flooding is assessed in order to summarize
the socioeconomic characteristics of the community of North Richmond with and
without flood control. This total impact depends upon the effectiveness with
which flooding is removed and the degree of utilization of the development

potential in North Richmond.

b. Development of Baseline

A description of the socioeconomic condition of the Model Cities
Program area was developed usiﬂg the components of the Model City Program.
These are shown in Table V. The main points to be made are as follows:
+ The data are readily available. Sources are noted, and it
can be seen how available resources were tapped.
+ Comparisons of Model City Program area data are made with
other communities in the San Francisco Bay Area, or the U.S.
as a whole,.
+ The information is specific enough to draw inferences on

effects, direct or indirect, due to flooding.

c. Direct Effects

Since the objectives of studies vary widely, this section will
simply illustrate some of the direct effects as they relate to the indicators
in Table V.
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« Environment. Indicators 1.1, 1.2 and 1.3, which are direct
results of flooding, would automatically be changed to match
those of standard urban areas that have the opportunity to
achieve future development.

* Housing. The direct effects of flooding on housing are twofold:
property damage and discouragement of further development. The
degree to which poor housing conditions can be attributed to
the flooding can be assessed by comparing North Richmond to a
community with similar socioeconomic characterisitcs which is
not subject to flooding. An example of this comparison is the
Southside section of the MNA, which was developed at approximately
the same time as North Richmond and has been occupied pre-
dominantly by Blacks of similar socioeconomic background.
Indicator 2.5 shows the difference in the percentage of dwelling
units owned, and 2.7 the difference in the rate of new housing

development.

These two examples demonstrate the type of inferences that can be
drawn. Further argument showed the development of new housing to be partic-
ularly sensitive to flooding because most of the developable land lay in the

flood plain.

d. Multiplier Effects and Total Impact

A major concern considered under multiplier effects is the effect
of flooding on community motivation and the strain on community resources.
In particular the assessment of motivation provided a key to linking the
effects of flooding to the overall condition of the community. Information
on population changes is available from census data which show a 39.4 percent
increase in the 15-24 year old group between 1960 and 1970, while the group
most economically active, the 35-44 year olds, has shown a dramatic decline
of 24.6 percent in the same period. Data on patterns of personal income
indicators related tco educational attainment strengthen the assertion that
those families that attain higher socioeconomic status tend to leave the area.
This finding, combined with information on employment and income gains made
through the Model Cities Program, continued degradation of housing from flood
damage and the increased availability of improved housing elsewhere in
Richmond, presents a strong case that the productive eiement of North

Richmond's population would in the future continue to leave the community.
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wWith flood control there is a chance to reverse the situation. There would
be no guarantee of success, but it would be possible to build on the tempo-
rary success of the Model Cities effort in areas such as education and

employment and have a major upgrading of the community.

Without flood protection the most likely result for the community
is that the intervention of Model Cities in North Richmond will have only
marginal effects. Physical improveménts will possibly deteriorate under con-
tinued flooding so that the appearance of the community will remain largely
unchanged or worsen. Those individuals and their families benefiting from
employment programs to the extent that they can move to a new neighborhood
may well be expected to do so. New businesses and new housing will most
likely not Be profitable, so the economic life of North Richmond will remain
depressed. Increasing demands will be made for social services. Associated
with the low-income character of the community will be continuation of low
performance in a variety of social programs significant for community develop-
ment. The worst aspect of this situation will be the continued lack of sense
of dignity and self-determination among community residents. The community

will risk remaining isolated socially and economically.

e. Conclusions

The North Richmond study leads to the following conclusions:

+ Achieving a community-wide change requires many component
changes. Housing improvements alone would not suffice. The
full range of Model Cities activities including housing is
necessary to achieve a major upgrading of the community.

+ The evaluation of SWB effects of flood control was supported
by methodologies not related to water resources but to the
social issues. Education, health, employment and other studies
developed by local agencies were an important part of the eval-
uation. Also, the identification of needs and statement of
priorities developed by the Model Cities Program was assumed
to be the best available and was used to organize the evaluation

of the flood control project.

+ The major link between the flood control project and the success
of the Model Cities Program is through the non-quantitative

factor of community motivation. The key concern is keeping
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better educated and employed people in the community, and that
can only be done when there is incentive in terms of potential
living and working conditions.

+ This example illustrates that WB effects can be major determinants
for decision making. On the basis of a refined benefit-cost
analysis and the social analysis described here, a decision was

made by the Corps of Engineers to proceed with the project.

2. Riverfront Development

a. Review of the Study

The study of Omaha was concerned with assessing the effects of
reversing present trends of urban sprawl and concentrating further develop-
ment of the area along the Missouri River. Continued urban sprawl will be
referred to as Alternative A, riverfront development as Alternative B. Social
implications are analyzed on the basis of examining each alternative's socio-
economic impact on the city's low income areas, referred to collectively as
the Impact Study Area. This area consists of census tracts with 20 percent
or more families receiving incomes below the poverty level as shown in Figure 1.
The analysis is primarily based on examining current trends in population,

housing and unemployment.

The major conclusion is that under Alternative A downtown Omaha,
and the Impact Study Area in Particular, will probably continue its present
trend of deterioration. Under Alternative B there is the potential, but mno
guarantee, for a reversal of that trend. For Alternative A the deterioration
would be a continuation of present trends in population, housing and employ-
ment as follows.

Population. As shown in Figure 1, with one exception, the census

tracts east of 30th Street in Omaha have lost population between

1960 and 1970. 1In the impact study area, some tracts lost on the

order of 50 percent of their residents, and in the area as a whole

there was a 37 percent decrease. Table VI shows that a significant
portion of the decrease occurred for people in the 25-44 year age
bracket. The trends displayed in Table VII provide a clear picture
of the overall deterioration of the area.

Housing. Housing construction has shifted in line with the population

with most taking place in a semi-circle from the southwest to the
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1970
1960
1950

1970
1960
1950

51.5
48.5
40.5

24

49.0
45.8
39.9

Table VI

IMPACT STUDY AREA

SMSA
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25-44

18.4
23.5
29.7

25-44

24.4
26.5
29.7

COMPARISON OF AGE DISTRUBUTION OF IMPACT STUDY AREA VS SMSA (Ref. 23)

45+

30.0
28.1
29.8

45+

26.6°
27.8
30.4
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northwest part of the city. As most new units are being built for
families with incomes of $12,500 or more (Ref. 21), this construction
is aimed primarily at middle and upper income households. In the
impact study area, there has been a reduction of housing units from
5,000 in 1960 to 3,400 in 1970. As dilapidated and deteriorated
dwellings are demolished, there have not been low priced replacements.
For example, in 1972 the area east of 30th street contained 11,000
households competing for only 1,700 units within their income ability.
Table VIII shows that within the impact study area on the order of
half the families in the income group below $5,000 pay 35 percent

or more of their income for gross rent.

Employment. The major concern with the unemployment problem in

the impact study area is that the westward expansion has attracted
employment away from downtown, making it more difficult for area
residents to commute towork, particularly when they do not have
access to a car and must rely on public transportation. Evidence

of the employment shift away from the downtown area is given by

data in Reference 22 on the availability of office space, and by
census data on total employment (Ref. 23). The proportion of
suburban office space has grown from 6 perceht in 1960 to 25 percent
in 1973, and the average annual growth rates for office space have
been about 3.0 percent for the city and 48.1 percent for the suburbs.
Census data on employed population location show that in 1960 some
70 percent of the employed population of the SMSA worked in fhe city.
By 1970 that proportion had dropped to 66 percent, despite the
annexation of suburban areas. Also, substantial industrial develop-
ment has taken place in the northwest portion of Omaha, and between
Interstate 80 and L Street (Ref. 24). Because of the trend to locate
employment away from downtown-Omaha, the availability of either
private or public transportation is an important consideration for
residents of the impact study area. Table VII shows that in 1970
46.5 percent of the area's households were without cars compared to
15.2 percent for the SMSA. For those without cars, Metropolitan
Area Transit bus service connects the impact study area with
employment centers. However, commuting times to western employment

locations from north Omaha areas are high. For example, to get from
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Table VIII

PERCENTAGE OF RENTERS WITHIN ISA
PAYING 35% OR MORE OF INCOME FOR GROSS RENT.

Census Tract Less than $5000 " - Income $5000-9999
| 37.7 5.6
7 46.5 -
9 55.2 -
10 . 40.0 -
11 » 48.5 -
12 35.3 -
14 41.4 -
15 60.3 -
16 - 57.4 9.0
17 37.6 1.7
29 ' 46.4 2.7
52 45.3 1.9
SMSA 56.0 4.2
Table IX

RACIAL MIX OF THE ISA

% Negro
ISA SMSA
1970 56.2 6.8
1960 42.5 5.7
1950 29.7 4.7
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The poverty guideline used to define the study area and the

use of census tracts as the basic area component facilitated
the handling of a broad range of census data.

Comparative analysis of the social impact area and local,
regional or national data can identify important social trends.
These may be more informative than absolute magnitudes of pov-
erty or employment at any given time. Population declines are
usually dramatic indicators of deteriorating neighborhoods.
Although SWB measurement is typically confronted with an
enormous range of social issues, and a great deal of uncertainty
concerning possible future status of the region, it is possible
to draw conclusions regarding the effects of major alternative
water resource plans. By focusing on a social impact area and
utilizing trend déta the conclusions can be within reasonable

limits of uncertainty.
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APPLICATION OF SYSTEMS ANALYSIS

TO THE PLANNING PROCESS

John W. Labadie

Department of Civil Engineering, Colorado State University

In recent years there has been an explosion in Systems Analysis
techniques potentially applicable to a wide variety of planning, design,
and management problems in water resources. This has been accompanied by
similarly significant advances in high speed digital computer hardware
and software. Few of these computer-based techniques, however, have
actually been applied, either by governmental agencies or private firms,
to real problems in water resources. In particular, the increasing
complexity of water planning has drawn attention to the need for planners
to take a serious look at what Systems Analysis can do to help in

carrying out the difficult tasks before themn.

One thing that is qﬁite clear from the Water Resources Council's
Principles and Standards is that they mean more work for water planners.
Properly applied, Systems Analysis may help alleviate the increasingly
heavy burden. Consider the following points:

1. The quantity and diversity of data available to be analyzed is

increasing rapidly. ‘

2. Engel (1) points out that Robert Heinlein's (of science-fiction
fame) word "TANSTAAFL,'" or 'there aint no such thing as a free
lunc," is a relevant slogan for planners and systems analysts.
Interactions between components of a planning problem are growing
more complex, particularly with regard to environmental and
social impacts of planning decisions.

3. Planning objectives are increasingly complex and noncommensurate.

4. The planning envifonment is changing rapidly, requiring continual
updating and reevaluation of plans.

5. There is a greater interdisciplinary emphasis in planning.
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Though the purpose here is to perhaps provide some encouragement
toward greater application of Systems Analysis to water resources planning,
there are some warnings and guidelines that need to be brought out.

Many of those concerned about lack of application of Systems Analysis to
water planning are also apprehensive about the dangers associated with
its misuse. It is clear that the techniques of Systems Analysis can be
valuable tools for aiding the planner, but like any tool they can be

harmful if not used for their intended purposes.
What is Systems Analysis?

Modern Systems Analysis was born during World War II when Britain and
the United States faced serious problems concerning proper allocation of
scarce war materials to the various military operations. The successful
application of techniques developed for this purpose prompted industry,
business, and government to begin to apply these and subsequently developed

techniques.

Systems Analysis (SA) can be described in concise terms as a
scientifle approach to deeision making. It is a general term suitable
to being considered as applicable to a wide range of planning, design,
operational, and management problems. Other terms have been used
synonymously with SA, but actually have a more narrow definition.
Operations Research (OR) can be considered as Systems Analysis applied
mainly to problems involving coordination of operations or activities in
an organizational setting. OR has been a technique oniented discipline
and most of the powerful computational mathematical programming algorithms
have been developed by OR specialists. The emphasis is on building
models that can be optimized in some way using these techniques.
Management Science (MS) is oriented towards the same kinds of problems
dealt with in OR, but with less emphasis on mathematical model building
towards ultimate optimization. MS specialists may be more willing to
deal with management problems not amenable to use of a formalized mathe-

matical model.

Most texts dealing with SA give the following list, or some variation

of it, as describing the steps in the systems approach to decision making:
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Perception of problem and commitment to solution
Definition of problem

Formulation of objectives

Measures of effectiveness

Generation of alternatives

Evaluation of alternatives

Selection of recommended plan

0L ~N O TR N

Review, updating and feedback

Glancing over this list, many water planners may say that they have
been doing this for years, though probably not in the same kind of
formal order. To be more specific, then, the emphasis in SA is on at
least some degree of quantitative deginition of component interaction
and systematic generation and evaluation of alternatives. The components
might be economic sectors, river basins, reservoirs, etc. The idea is
to properly describe complex component interaction in order to determine

the possible consequences of various plans.

A commitment to attempt quantitative definition of component inter-
action naturally leads to consideration of use of tools such as mathe-
matical simulation models, Delphi and cross-impact analysis, and gaming.
The complexity involved in real-world modeling in turn leads to use of
computers, due to their (1) speed, (2) accuracy, and (3) ability to

process large quantities of data.

If objectives in the study are commensurate and quantifiable, optimi-
zation techniques may alsc be applied as an aid to systematic generation
and evaluation of alternatives. If objectives are quantifiable, but non-
commensurate, systematic methods for analyzing trade-offs between
objectives may be applied, such as the Surrogate-Worth Trade-Off (SWT)
Method proposed by Haimes and Hall (4). Figure 1 outlines the above steps.

The important point to be made here is that a willingness to apply
SA does not necessarily mean a large-scale commitment to massive, complex
modeling. Planners must be selective as to how much modeling they can
carry out within constraints of time, budget, and manpower. They must
also attempt to determine if significant aspects of the problem are

indeed quantifiable to any degree and if use of mathematical models is
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EMPHASIS ON QUANTITATIVE DEFINITION
OF COMPONENT INTERACTION
AND SYSTEMATIC GENERATION
AND EVALUATION OF ALTERNATIVES

|

SIMULATION MODELING
(DELPHI, GAMING, AND
CrROSS-IMPACT ANALYSIS) -

OPTIMIZATION

SYSTEMATIC TRADE-OFF ANALYSIS +—
(SWT MeTHOD)

FIGURE 1

TECHNIQUES OF SYSTEMS ANALYSIS
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justified. It is important to realize that the judgment of planners must

continue to play an important role in high level planning decisions.
Environment for Its Proper Application

Quick and Dirnty OR
Gene Woolsey has coined the term quick and dinty OR to imply that

systems analysts must avoid elegance and sophistication in modeling for
its own sake. The proper attitude must be one of fitting the technique
to the planning problem at hand, not vice versa. In other words, the

tool must be matched to the job.

Simplification vs. Component Optimization

There are two important dangers involved in applying SA to a large-
scale, complex planning problem: (1) over simplification and (2) component
optimization. The former results when systems analysts attempt to develop
a mathematical model for a problem so complicated that gross simplifi-
cations are necessary. The work of the Club of Rome and Forrester's
World Dynamics would be examples of this. Component optimization is
perhaps even more dangerous, where the interrelated parts of a large-
scale planning study are analyzed independently, resulting in a decidedly
nonoptimal solution for the whole. A proper balance must be achieved
between these two approaches. Some simplification is always necessary.
The danger lies in carrying the results of the simplified model too far
and coming to unwarranted conclusions that have no basis. The reader is

referred to Zoutendijk (9) for more complete discussion of the above points.

Honest Communication by Systems Analysts

Systems analysts involved in a planning effort have an obligation
to..

1. Avoid SA jargon that will confuse planners not familiar with it
and therefore hinder communication.

2. Clearly specify all limitations of analysis and reasoning that
go into any modeling effort.

3. Clearly delineate all simplifying assumptions and approximations
underlying the modeling.

4. Be acutely aware of the reality of GIGO or garbage .in--garbage out.

A model is only as good as the data available for its verification,
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calibration, and operation. This is not to say that a model must
not be developed unless all relevant data of proper quality are
available. The modeling effort can many times help pinpoint data

needs.

Proper Control by Planners

Planners have the greatest responsibility for maintaining the proper

environment for effective application of SA. They are responsible for...

1.

Controlling and guiding all SA specialists involved in the study.
It is important to find the right people that are committed to
solving the problem at hand, nbt advancing the state-of-the-art
of SA in some theoretical vein.

Understanding and monitoring aff modeling effort. It is dangerous
to Leave it Zo the expents. It is not necessary for planners to
be expert mathematicians and programmers to get involved in the
modeling. This was clearly borne out in the recently completed
North Atlantic Regional (NAR) study, to be subsequently discussed.
Maintaining a high interdisciplinary profile in the study team.
Establishing a mechanism for continuous updating of any modeling.
A computerized model should be so clearly documented that those
not involved in its development can operate, modify, or update

it as necessary.

John McCleod (6) has modified a statement found on all cigarette

packages to emphasize the need for proper control of simulation modeling.
Warning--the simulationist general has detenmined that simulation
(Systems Analysis) - misused - may be dangerows to the health of society.

Case Studies

Two case studies will be discussed in order to illustrate the

valuable effects that SA can have on the planning process. The purpose

is not to get involved in the details of these studies, but rather to

emphasize the advantages directly associated with application of SA in

each case.

-314-



The North Atlantic Regional (NAR) Planning Study

The six-year NAR Planning Study (7) was initiated in 1966 under the
supervision of the Water Resources Council. It was a broad framework
planning study with the following objectives:

1. Estimate (on a broad scale} demand and supply for the entire

North Atlantic Region
2. Identify priorities for investment

3. Identify priorities for further planning

This study, among other things, has proved that multiagency multi-
objective planning can be effective if properly carried out. In this
case, the executive agency was the U.S. Army Corps of Engineers, with
Harry E. Schwarz serving as Executive Secretary. The management organi-

zation of the study is depicted in Figure 2.

The planning process is outlined ‘in Figure 3. The study was initiated
with development of three broad programs with NED, EQ, and RD emphasis,
respectively. Appropriate agencies then proceeded to accumulate data
and develop projectioné under these broad programs. This was followed
by development of a computerized model to predict future demand for fresh,
waste, and brackish water for M&I, rural, agricultural, cooling, power,
and other uses, for all 50 subareas in the NAR region. It is particularly
interesting that the model was developed jointly by agency personnel and
SA consultants. Agency personnel were heavily involved in the model
formulation. One result of the model was to pinpoint data needs not
currently supplied by the individual agencies, from which resulted a
limited {(due to constraints on time) feedback process in order to acquire
the necessary data. The demand model then served as input to a supply
model which specified the best sources of supply and optimal levels of
devices for meeting the demand. A linear programming problem was
formulated for this purpose which sought to satisfy the estimated demand
while minimizing average annual production costs, subject to EQ and RD
constraints, as well as nonefficiency constraints and physical and
resource limitations. The results of ti supply model for each program
aided in developing the final mixed objective recommended plan, based on

the judgment of the planners.
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Several important conclusions on the influence of SA on the planning

process of the NAR study have been discussed in (5,8).

1.

The models encouraged agencybcoordination and a team effort in
cooperation with consulting systems analysts. The models tended
to be a rallying point. Agency personnel were much involved in
initial model formulation and therefore were interested in seeing
it through.

As previously mentioned, the models helped pinpoint data needs.
The models encouraged careful documentation of all underlying
assumptions and approximations used in the study, perhaps more
so than if handcrafted methods had been used.

The carefully documented models provided a stronger arguing
point in presenting the recommended plan to decision makers,
than if handcrafted methods had been used.

The speed and flexibility of analysis through the modeling
enabled more alternatives and projections to be considered

than otherwise would have been.

""Perhaps, surprisingly, an important impact on the planning

‘process of using models had been that the scope for exercise of

the experience and judgment accumulated by planners has been
increased rather than decreased. (5)"

Continuous updating of plans was encouraged due to the flexibility
of the models. Inputs to the models could be easily changed, as
opposed to nonéomputerized methods which, when completed, are

difficult to repeat with new inputs.

The San Francisco Master Plan for Wastewater Management (SFMPWM)

The following discussion of the SFMPWM will serve to highlight the

following advantages of applying SA:

1.
2.

SA can aid in finding cost-effective solutions.
Tools of SA are available for effectively dealing with many
large-scale problems without resorting to (1) a high degree of

over-simplification, or (2) component optimization only.

The SFMPWM has been designed to deal with three serious problems

related to San Francisco's combined sewer system (2):
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1. Effluent from existing treatment plants does not meet current
and proposed quality standards.

2. The interceptor sewer system is inadequate, resulting in con-
siderable localized street flooding.

3. On the average, 80 overflow events of combined sewage to
receiving waters occur per year. San Francisco Bay waters may

be unsafe for water contact sports for up to nine months/year.

The goals set by the 1972 Amendments to the Federal Water Pollution
Control Act are broad, and make it difficult to establish objectives for
the SFMPWM. The amendments specify zero discharge of pollutants by 1985.
It is questionable, however, if the nation can absorb the high cost of
achieving zero discharge (See Figure 4). The developers of the SFMPWM
have therefore opted to assume various tolerable levels of discharge and
attempt to find the most cost-effective plans for achieving those levels.
It is here that SA can be of great benefit. Final plan selection of
course rests with the political process. The SFMPWM is in fact currently
in this review process. It is estimated that the plan will cost between
$300 and $800 million.

Several alternatives have been considered for dealing with the
overflow problem in particular.

1. Separation of storm and dry weather flows

2. Massive treatment of combined flows

3. Treatment combined with detention storage

Sewer separation is extremely costly and inconvenient for a large
urban center, and does not really solve the problem. Storm flows alone
can contain high pollution loadings. Massive treatment of all wet
weather flows is currently technologically infeasible. Secondary split
flow treatment, in conjunction with upstream detention storage, that can
hold peak flows long enough to allow treatment, was selected as the most

viable alternative.

Sewage can either be temporarily stored ambiently (within the
combined sewer by use of adjustable weirs) or through small concrete
lined auxiliary reservoirs (Figure 5). San Francisco has chosen the

latter, due to the steep gradients of the City.
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Figure 6 shows one of the alternatives for placement of detention
reservoirs. The question immediately arises as to how to properly control
inflows to and outflows from the reservoirs in order to make maximum use
of treatment facilities and minimize overflows. Computerized automatic
control appears to offer the most cost-effective solution. Mathematical
models simulating flows in the sewer system during a storm event are
developed, along with algorithms for optimally controlling all gates,

valves, pumps, etc. in such a way that overflow is minimized (Figure 7).

Intensive effort is currently being carried out at CSU on this large-
scale control problem (3). The large urban basin is decomposed into
several subbasins tributary to interceptor sewers. Figure 6 shows this
schematically, using the Richmond-Sunset area of San Francisco as an
example. A hierarchical control structure can then be applied, where
optimal control strategies are developed for the subbasins individually.
The independent subbasin control strafegies are then integrated together
by computerized master control. The result is that instead of having to
solve one large-scale, complex control problem, several smaller problems
associated with each subbasin are solved a number of times. This means

that a hierarchy of minicomputers can be used instead of one large computer.

The developers of the SFMPWM are well aware of the potential advan-
tages of SA for achieving cost-effectiveness and dealing with the complexity
of the control problem (2). Many problems remain to be solved, however,

before these strategies can be implemented on-line in real time.
Conclusions

An attempt has been made here to define Systems Analysis and pinpoint
its relevance to modern water planning. The discussion has been charac-
terized by both encouragement and warnings concerning application of
Systems Analysis. The two case studies discussed, the North Atlantic
Regional Planning Study and the San Francisco Master Plan for Wastewater
Management, served to highlight the advantages and feasibility of
applying Systems Analysis to water planning.

In considering the possibility of applying Systems Analysis, water

planners must decide whether to hire consultants, have their own personnel
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trained in Systems Analysis, or both. As emphasized previously, con-
sultants must be carefully chosen. Also, numerous training programs
and short courses are available through several universities around the

country. Video taped courses may also become available in the near future.

As to modeling and computing, there are less expensive means of
getting started through use of time-sharing, minicomputers, and digital
models that have already been developed. With regard to this latter
point, considerable duplication of modeling effort currently exists.
There is a need for processing and distributing information on available
models in water-related fields. The NAR models, for example, are
currently being adapted and applied to problems in other parts of the
country (8).

Based on their experience with the NAR study, Schwarz and Major (8)

have come to the following conclusions:

"We are convinced...from our observation of the actions
of our planning partners in the study, that the use of
Systems techniques within a multiobjective framework is
the way to go for water resources planning."

Water planners, however, should not make use of Systems Analysis

techniques unless they are willing to get involved.
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SYSTEM OF ACCOUNTS AND COST ALLOCATION

Gary D. Cobb
Assistant Director, U.S. Water Resources Council
Washington, D.C.

In this presentation, we will discuss the system of public information
accounts providing for the display of beneficial and adverse effects of each
alternative plan on the two planning objectives and on regional development
and social well-being., In addition, we shall consider how the information on
beneficial and adverse effects provided in the system of public information
accounts is used in the comparison of alternative plans. Two simplified |
illustrations of alternative plans being prepared in one ongoing Level B
planning activity will be used to highligﬁt the types of information provided
for in the system of public information accounts. Finally, the cost allocation

method provided for in the Principles and Standards will be illustrated.
System of Public Information Accounts

The system of public information accounts displaying beneficial and adverse
effects on the national economic development and environmental quality objectives
and on regional development and social well-being is to be prepared in such a
manner that the different levels of achievement to each objective and effects
on regional development and social well-being can be readily discerned and
compared, indicating the trade-offs between alternative plans., For purposes

of accounting, the distribution of beneficial and adverse effects will be shown.

Four accounts are to be used in displaying beneficial and adverse effects and
for showing and analyzing the tradeoffs among alternative plans. The four
accounts to be used are: (1) national economic development, (2) environmental
quality, (3) regional development, and (4) social well-being. The system of
accounts will also display the beneficial and adverse effects for the geo-
graphical area relevant to the evaluation of the regional development account
in the planning area in relation to other parts of the nation. Thus, effects
can be shown for the planning region, other regions as appropriate, and for the

rest of the nation in the regional development account.
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Beneficial and adverse effects on the NED objective will be shown in
monetary terms. Beneficial and adverse effects on the EQ objective will be
shown in appropriate quantitative units or qualitative terms and will not
be shown in monetary terms. Beneficial and adverse effects in the regional
development account will be shown in monetary terms for other non-monetary
effects. Finally, beneficial and adverse effects in the social well-being
account will be shown where appropriate in monetary terms and otherwise in

appropriate quantitative units or qualitative terms.

The schematic diagram of the system of accounts indicates the structure
of the four accounts including the regional structure under the regional

development account (Figure 1).

NED Development Account

The national economic development account provides for displaying beneficial
effects associated with the value of increased outputs for water supply, flood
control, power, transportation, recreation, commercial fishing, and under-
employed labor resources in construction (Figure 2). In addition, the value
of external economies is to be displayed. Adverse effects associated with the
value of resources required for plan implementation, plan operation and
displaced labor resources and value of external diseconomies is to be displayed.
Comparing total beneficial effects with total adverse effects, provides for

display of net beneficial effects for the account.

EQ Account

The environmental quality account will provide for the display of beneficial
and adverse effects for the following components:

A. Physical Land Resources

1. Soil stability

2. Geological resources
B. Air and Water Quality

1. Air quality standards

2. Water quality standards
C. Ecological Resources

1. Terrestrial ecosystems

. 2. Aquatic ecosystems

3. Special ecosystem relationships and irreversible
commitments of resources

4. Species threatened with extinction
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Figure 1

SCHEMATIC DIAGRAM OF SYSTEM OF ACCOUNTS

Account

NED

EQ

RD
Region 1
Region 2

Rest of Nation

SWB
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COMPONENTS

Figure 2

NATIONAL ECONOMIC DEVELOPMENT

BENEFICIAL EFFECTS:

A. VALUE INCREASED OUTPUTS

(1)
(2)
(3)
(4)
(5)
(6)
(7)

WATER SUPPLY

FLOOD CONTROL
POWER
TRANSPORTATION
RECREATION
COMMERCIAL FISHING

UNEMPLOYED LABOR RESOURCES
IN CONSTRUCTION

B. VALUE OF EXTERNAL ECONOMIES

TOTAL BENEFICIAL EFFECTS

ADVERSE EFFECTS:

A. VALUE RESOURCES REQUIRED

1
(2)
(3)

PLAN IMPLEMENTATION
PLAN OPERATION

DISPLACED LABOR RESOQURCES

B. VALUE OF EXTERNAL DISECONOMIES

TOTAL ADVERSE EFFECTS

NET BENEFICIAL EFFECTS
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D. Culturally Significant Resources
1. Archeological resources
2. Historical resources

3. Areas of natural beauty

RD Account

The regional development account embraces several types of beneficial and
adverse effects where there are major difficulties in estimating or measuring
the effect. For this reason, a complete display of beneficial and adverse
effects for all components in the regional development account will not be
made for a plan unless directed by a Department Secretary or head of an

independent agency.

The regional development account structure (Figure 3) provides for
measurement of effects in the planning area, other regions as appropriate and
for the rest of the nation. The final incidence of beneficial and adverse
effects may be shown to whomsoever they accrue illustrated in our example
tables for direct users at the farm, in the city, and users of recreation.
Income effects associated with the value of increased outputs for the NED
components and for all unemployed or underemployed labor resources as well
as additional net income resulting from location effects or transfer effects
may be shown. 1In addition, the value of external economies may be shown
providing for display of total income effects. Adverse income effects
associated with value of resources required and contributed from within
the region, reimbursement, loss of assistance, payment of losses for displaced
labor resources, and loss of net income as well as the value of external
diseconomies may be shown to indicate the total adverse income effects. Com-
paring total beneficial income effects with total adverse effects indicates
the net beneficial income effects. Similarly, for each region under considera-
tion and for the rest of the nation, the beneficial and adverse effects for
other components of the regional development account may be shown including
beneficial and adverse effects on employment, population distribution, economic
base stability and environmental conditions of special regional concern. Also,
the incidence of beneficial and adverse effects for the other components of
the regional development account may be shown for appropriate groups or classes

(Figure 4).
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Figure 4

REGIONAL DEVELOPMENT (Continued)

COMPONENTS

EMPLOYMENT
BENEFICIAL EFFECTS

ADVERSE EFFECTS

POPULATION DISTRIBUTION

BENEFICIAL EFFECTS

ADVERSE EFFECTS

ECONOMIC BASE STABILITY

-BENEFICIAL EFFECTS

ADVERSE EFFECTS

ENVIRONMENTAL CONDITIONS OF

SPECIAL REGIONAL CONCERN

BENEFICIAL AND ADVERSE EFFECTS

MEASURES OF EFFECTS

REGION 1

REGION 2

REST OF NATION
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Formulation Region

With respect to the region as used in formulation and evaluation, turn
now to another aspect of planning, and address an issue that frequently occurs.
Questions are often asked as to what are '"regions'" in this planning process?
What is the context and the meaning of the ''region"? What is the size of the
"region'", and so forth. One way to help facilitate thinking about this is to
break down what we're thinking in terms of ''region'". First of all, we can
think about a '"formulation region' which covers a resource base which is a
supply concept. The resource base is considered in formulating alternative
plans to manage the natural resources of a particular planning setting. All
alternative plans should deal with the same basic set of resources. Thus, we
deal with the resource base in formulation of alternative plans and that

represents one concept of ''region'.

Another concept of ''region" is addressed in formulation dealing with
demands. Where are these demands that we're managing resources to serve?
Such demands may be flood control downstream representing a formulation region
to deal with flood control demand. Another formulation region may be considered
in dealing with recreation and power demand. Similarly, a third formulation
region may be considered in dealing with M&I (municipal and industrial) water
supply, a demand concept. Thus, regions may be thought about in the above
context, in terms of considering supply and demand in formulation of alternative

plans.

Evaluation ngions

Evaluation regions are another concept of '"regions'". Evaluation regions
may be any ''region' or set of 'regions' appropriate for evaluation. The
Principles and Standards suggest that the evaluation region encompassing the
planning area ought to be large enough so that it encompasses the principal
effects of all of the alternative plans. Thus Region 1, Evaluation Region 1,

should encompass all the major effects (Figure 5).

Other evaluation regions as appropriate and the rest of the nation may be
considered in evaluation of the beneficial and adverse effects on components of

the regional development account (Figures 6 and 7).
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SWB Account
The social well-being account would display beneficial and adverse effects
on real income distribution; life, health, and safety; educational, cultural

and recreational opportunities; emergency preparedness and other relevant

components (Figure 8).

Comparison of Alternative Plans in the Beneficial and Adverse Effects

of the Four Accounts

Shown is a summary comparison of two alternative plans illustrating the
comparison of beneficial and adverse effects in the four accounts for one
alternative Plan B and the recommended Plan A. The difference or trade-off
is indicated by the comparison of the beneficial and adverse effects of Plan A
minus the beneficial and adverse effects of Plan B. It is very important that
the trade-offs always be determined in this matter so that the net positive and
net negative effects are not at times reversed. This second series of displays
will be used to provide a ready comparison of alternative plans. Each of the
alternative plans is to be paired with the recommended plan so that the
advantages or disadvantages of each can be compared. Other comparisons between
alternative plans may be displayed where relevant. The information needed for
this second series of displays will be taken from the first series of displays
showing, where appropriate, the gross beneficial and gross adverse effects and
net beneficial effects for the four accounts. The information should be
summarized and condensed to make it as brief and yet as meaningful as possible.
Finally, in presenting the tradeoffs in summary form to decision-makers it may
be appropriate to only show those key trade-offs that are significant in the
selection of one particular alternative plan over another in order to focus and

insure the decision-making process addresses the crucial issues (Figure 9).

Simplified Alternative Plans for River Basin (Level B)

Simplified alternative plans have been taken from a regional or river

basin planning activity (Level B) presently underway.

. The first Level B shown is an alternative plan emphasizing the NED
objective (Figure 10). The plan provides for four main stem reservoirs providing
water supply and irrigation on an Indian reservation and elsewhere, fish and
wildlife, cooling water for thermal plants and flood protection with reduced
flows to the adjacent down stream state. The second Level B plan shown is

another alternative plan emphasizing the EQ objective (Figure 11). This plan
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Figure 8

SOCIAL WELL-BEING

Components Measures of Effects

Beneficial and Adverse Effects:

A. Real Income Distribution

B. Life, Health and Safety

C. Educational, Cultural,

Recreational Opportunities

D. Emergency Preparedness

E. Other
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Figure 9

SUMMARY COMPARISON OF TWO ALTERNATIVE PLANS

Account Plan B

NED
Beneficial Effects
Adverse Effects

Net Beneficial Effects

EQ

Beneficial and
Adverse Effects

Plan B

RD

Region 1

Beneficial and
Adverse Effects

Region 2

Beneficial and
Adverse Effects

Rest of Nation

Beneficial and
Adverse Effects
SWB

Beneficial and
Adverse Effects
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Figure 10

Alternatie Plan Emphasizing NED

Fload

Indian Resesvation Protection

Fish

t

Flood Protection
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|3,000 (.;5 State Lina
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Figure j]

Alternative Plan Emp'has:zmg EQ
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provides for designation of a wilderness area/preservation area, scenic vistas,
three smaller main stem reservoirs all located down stream with reduced supplies
for irrigation on an Indian reservation and other irrigation with increased
suuplies for fish and wildlife, ecological systems and flows to the adjacent
down stream state, along with preservation of important Indian artifacts and

archeological resources.

This illustrates how the system of public information accounts could be
very useful in comparing beneficial and adverse effects of these two alternative

- Level B plans.
Cost Allocation

The cost allocation method when dealing with the two objectives becomes
a two stage process involving first the allocation of cost between objectives
and then the further allocation of costs among components of objectives. The
system of accounts showing beneficial and adverse effects for alternative plans,

will usually provide much of the information needed in this process.

For cases when features of a plan are included to serve the environmental
quality objective and at the same time contribute incidentally to the national
economic development objective as illustrated in Case One (Figure 12}, the
method provides that the net incremental costs of such features be allocated
to the EQ objective. In our illustration for Case One, the net incremental
NED costs of Plan B equals $20 which is allocated to the EQ objective. This
net amount reflects an increase in costs incurred for the environmental quality
increment of $40 with incidental beneficial contributions of $20. This results
in a net incremental NED cost of $20. The total costs of the recommended plan
of $90 minus the $20 allocated to the EQ objective results in costs of $70 of
Plan B allocated to the NED objective.

The second stage of the cost allocation method provides for the
further allocation of NED costs among components of the NED and EQ objectives.
For the NED objective this is done essentially through application of the
separable costs-remaining benefits method of cost allocation previously used.
The first step provides for the identification of the separable NED costs for
the NED components and is done by omitting from the recommended plan each NED

component in turn. The cost of the plan with each component in turn omitted,
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Figure 12

ALLOCATION OF NED COSTS BETWEEN OBJECTIVES

Case 1
Recommended
NED Plan A Plan B Difference
NED Objective
Benefits $100 $120 $ 20
Costs 50 . 90 40
Net Benefits $ 50 $ 30 $-20

Net incremental NED costs (of Plan B} = $20

allocated to EQ objective

$90-20 = $70 costs of Plan B allocated to

NED objective
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when compared with the total NED costs of the plan, provides for the identifica-

tion of separable NED costs for each component (Figure 13).

Remaining joint NED costs of the NED objective are then determined by
subtracting total separable costs from the total costs allocated to the NED
objective. Under the separable costs-remaining benefit method of cost
allocation, separable costs are first allocated to each NED component. In
our illustration these separable costs are $10 for flood control, $5 for
recreation, and $25 for power (Figures 13 and 14). Remaining joint costs,
in this case $30, is allocated proportional to the difference between the
separable costs allocated to each component and alternative costs indicated
as AC or benefits indicated as B, whichever is lesser for each NED component

(Figure 15),

Note that in the case of flood control,‘it is assumed that alternative
costs would be less than the benefits and thus limit the allocation to that
component. In the case of recreation, the benefits are assumed to be less
than the alternative costs for that component and would limit the allocation;
and finally, in the case of power, the alternative costs are assumed to be
less than the benefits for power and thus limit the allocation of costs to

that component.

The allocation of NED costs among components of the EQ objective is to

be made proportional to the respective alternative costs for each component.

For cases when features of a plan are designated to serve the EQ
objective at the loss of net beneficial effects on the components of the
national economic development objective, as illustrated in Case Two
(Figure 16), the method provides that costs equivalent to the net national
economic development beneficial effects foregone be allocated to the EQ

objective.

As illustrated in Case Two (Figure 16), the net national economic
development benefits foregone ($30-$20) with implementation of recommended
Plan C are $10 composed of a decrease in benefits of $20 offset in part by
a decrease in costs of $10 resulting in the net incremental NED costs of
Plan C of $10 to be allocated to the EQ objective. The total costs, $80 of
Plan C minus $10 results in $70 costs of Plan C allocated to the NED objective.
These costs would be further allocated among the components of the NED objective

using the method previously described for Case One and which is essentially the
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Figure 13

ALLOCATION OF NED COSTS AMONG COMPONENTS

OF THE NED OBJECTIVE

Case 1

Separable NED Costs for NED Components

Plan B Plan B Plan B

w/o w/o w/o
Plan B FC Rec Power

Total NED Costs $90 $80 $85 $65

Separable NED Costs

FC $10
Rec 5
Power 25

$40

Remaining Joint NED Costs of NED Objective

NED Costs Allowed NED Objective ($90-20) $70

Separable NED Costs -40

$30
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Figure 14

ALLOCATION NED COSTS AMONG NED COMPONENTS

Case 1
J
0
I
N
T
$30
C
0
S
T
S
----- .
P
0
W
$25 E
R
S
————— -1 E
P
$ 51 Rec A
R
..... ; A
B
L
$10 FC Sep E
Sep
Total Costs FC Rec Power
$70
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Figure 15

ALLOCATION NED COSTS AMONG NED COMPONENTS

Case 1

AC/

Uy IR <GB

Sep

RO~ Z e

Qo wEHW

b — - =

p

0

W

E

R

e

Rec
FC

$30

$s
$10

Rec Power

FC

Total Costs

$70
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Figure 16

ALLOCATION OF NED COSTS BETWEEN OBJECTIVES

Case 2
Service to EQ Recommended
Objective Deleted Plan C Difference
NED Objective
Benefits $120 $100 $-20
Costs 90 80 -10
Net Benefits $ 30 $ 20 $-10

Net incremental NED costs (of Plan C) = §$10

allocated to EQ objective

$80 - 10 = $70 costs of Plan C allocated to NED objective
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application of the SCRB method as used in the past. NED costs allocated to
the EQ objective would be further allocated among EQ components proportional

to the respective alternative costs for such components.

Twa of the member agencies of the Water Resources Council have expressed
concern about the implementation of the cost allocation method described above.
The Council has agreed to undertake further review of the cost allocation
method described above to determine what if any exceptions might be made for
specific circumstances in the application of the method. Particular concern
has been expressed in certain circumstances about the appropriateness of the
method for Case Two illustrated above involving cases when features of a plan
are designated to serve the EQ objective at the loss of net beneficial effects

on components of the NED objective.
Conclusion

The system of public information accounts providing for a systematic
display of beneficial and adverse effects including those which are generally
regarded as favorable or beneficial as well as those which are generally
regarded as unfavorable or adverse and those for which preferences differ
and may be considered either beneficial or adverse depending on the value
judgments or those expressing the preferences, should contribute significantly
to the decision-making processes and in the management of the Nation's water

and related land resources.
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RIVER BASIN SIMULATION FOR PLANNING

Robert W. Hill
Agricultural and Irrigation Engineering Department
Utah State University

Preface

The following text is in the outline form of the dual screen slide-lecture
presentation made at the training session August 16, 1974. The numbers in
parenthesis indicate the sequence numbers of the various slides, i.e. a sequence
number shown as (L4) indicates the fourth slide on the left side of the screen.
The actual text of the slide is shown in capital letters with comments given in

regular type..

(LI) RIVER BASIN SIMULATION FOR PLANNING

In this presentation river basin simulation means the formulation of
mathematical expressions into a computer model of a given hydrologic system
and the use of such a model to simulate real world effects. I feel that
simulation has a lot to offer as a planning aid in the application of the
Principles and Standards particularly in evaluating the effects of alternative

courses of action in complex river basin systems.

(L2) MODEL TYPES
If we consider for a moment we are probably familiar with models of all
kinds:
(1) 1. SMALL SIZE LOOK-ALIKE ONLY VERSION OF REAL THING
A plastic scale model airplane, or a miniature house, is

a good example of this.

2y 2. SMALL SIZE SIMILAR IN LOOKS AND PERFORMANCE TO REAL THING
Flying model airplanes (particularly radio controlled) are

good examples here.

(3} 3. PERFORMANCE SIMILAR TO REAL THING IN SOME ESSENTIAL ASPECT
This encompasses a variety of models; analog models of ground

water systems, digital computer models, and mathematical
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\
expressions. The computer model of the Bear River fits in this

category in that it performs like a real world hydrologic system

in the sense of maintaining continuity of mass.

(L3) WHY MODEL?

Here are eight reasons:

(4) 1. A MODEL PROVIDES A BASIS FOR COORDINATING INFORMATION AND
THE EFFORTS OF PERSONNEL ACROSS A BROAD SPECTRUM OF
SCIENTIFIC DISCIPLINES.

(5) 2. A MODEL APPROACH REQUIRES A CLEAR IDENTIFICATION OF PROBLEMS
AND OBJECTIVES ASSOCIATED WITH THE SYSTEM BEING EXAMINED.

(6) 3. INSIGHT INTO THE SYSTEM BEING STUDIED IS INCREASED. IN
PARTICULAR, THE RELATIVE IMPORTANCE OF VARIOUS SYSTEM
PROCESSES AND INPUT FUNCTIONS IS SUGGESTED.

(7) 4. PRIORITIES ARE INDICATED IN TERMS OF PLANNING OBJECTIVES
AND DATA ACQUISITION.

(8) 5. A MODEL IS CAPAELE OF INDICATING IN QUANTITATIVE TERMS
PROGRESS TOWARD SYSTEM DEFINITION AND CONCEPTUAL UNDER-
STANDING.

(9) 6. PROPOSED MODIFICATION OF EXISTING SYSTEMS CAN BE NON-
DESTRUCTIVELY TESTED.

(10) 7. MANY PLANNING AND MANAGEMENT ALTERNATIVES AND PROPOSALS
CAN BE STUDIED WITHIN A SHORT TIME PERIOD.

(11) 8. HYPOTHETICAL SYSTEM DESIGNS CAN BE TESTED FOR FEASIBILITY
OR COMPARISON WITH ALTERNATIVE SYSTEMS.

(L4) MODELING STRATEGY
A schematic diagram of the steps involved in a simulation study is

given in Figure 1.
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Problem
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Implementation
of "Best"
Alternative

Available Data

Analysis of
Available Data

Model Results and
Interpretations
{Comparisons)

Operation

of Model

Model Verification
or Validation

(c) Testing

{a) Computer Synthesis
(b} Calibration

Model Formulation
Kind of Model:
(a)Dist, Parameter
{b) Lumped "
{c)Stachastic
(dyDeterministic

(12) Figure 1. Steps in the development and application of a

simulation model.

As you may note, the process of modeling could become a continuous
effort with continual feedback and improvement of the model.
viewpoint at some level of development, this continuous process must be
terminated and the model used as a total for examining planning alternatives,

with the understanding that it is the ''best we can do at the present'.

us now consider some of the component boxes in Figure 1.
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(L5) IDENTIFICATION OF OBJECTIVES
(13) 1. WHAT ARE THE SOCIAL OBJECTIVES OF SYSTEM MANAGEMENT:

. IRRIGATION

. MUNICIPAL AND INDUSTRIAL
. RECREATION

. OTHER

(14) 2. WHAT PROBLEMS AND IMPACTS ARE APT-TO BE CREATED BY SYSTEM
MANAGEMENT?

(L6) SYSTEM IDENTIFICATION
System identification means the selection of pertinent processes from

the real world which are essential for proper simulation. As we examine
the real world we do not fully comprehend all that occurs there. Thus a
certain amount of detail has been lost to our perceived image, as in a

filtering process.

(L7} (Scenic slide of the Logan River, the real world)
(15) (Figure 2, representation of the real world)

(16) (Figure 3, filter loss: real world to conceptual model)
This leads to a conceptual model which lacks some of the

irregularities of the real world.
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Figure 2. Representation of the real world.

Figure 3. Filter loss: Real world to conceptual model.
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(L8) (Figure 4, pictoral of conceptual model).

(17)

(18)

(19)

Figure 4. Pictoral of Conceptual Model.

(Figure 5, representation of conceptual model)
Going on from the conceptual model further description of the real
world is generally done via mathematical expressions. Thus, another

filter loss occurs before the working model is arrived at.
(Figure 6, filter loss: Conceptual to working model)

(Figure 7, representation of working model) A working model could
be an equation.

(L9) MATHEMATICAL EXPRESSION

Typical hydrologic models in simple equations are:

(L10) RUNOFF = C X RAIN

(L11) Q = CIA

Many of you will recognize this as the '"rational" equation for peak
runoff from small watershed.
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Figure 5. Representation of conceptual model.

\
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Figure 6. Filter loss: Conceptual model to working model.
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Figure 7. Representation of working model.

(L12) Q = (PPT - INF - DPS - ET) dT

This equation states that the runoff rate is equal to the integral
of the supply rate (PPT) minus the rate of abstractions. Expressions of

this type form the basis for computer models of storm runoff.
(L13) COMPUTER MODELS
(114) (Figure 8, Flow Chart of a Computer Model)

Each of the boxes in Figure 8 represent a storage element in the real
system, with the lines being connecting or linkage processes described by

appropriate equations.
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(L15) EVALUATION AND ANALYSIS OF DATA.

(20)

(21)

1.

2

-,

GROUNCWATER OUT FL():—

Schematic diagram of a generalized Hydrologic model.

DATA POINTS ARE "WINDOWS' THROUGH WHICH WE OBSERVE OR SEE

THE SYSTEM.

DATA ENABLE US TO EVALUATE
THE REAL WORLD.

MODEL PERFORMANCE IN TERMS OF

There is no point in developing a five minute time interval

model if all you have is daily precipitation data. The

size of the problem determines the required resolution of

the data. For example, the design of an irrigation storage
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reservoir could be done with monthly average data, but
the design of the parking lot drain would require individual
storm rainfall patterns at much shorter time intervals with

smaller space increments as well.

(22) 3. DATA ENABLE US TO EVALUATE MODEL PERFORMANCE IN TERMS OF THE
REAL WORLD.

It is very important that the model's credibility be established

before it is used in planning exercises.
(23) 4. DATA RELIABILITY DETERMINES MODEL ACCURACY

In summary, the collection and use of field data is an essential
part of a modeling program. In many instances, the development
of a model up through the conceptual stage can aid in identifying
locations and frequency of field data points for adequate real
world system description to support the desired goals of a

planning activity.

(L16) MODEL FORMULATION

The discussion for the rest of the presentation is directed toward the
modeling exercise on the Bear River System of Utah, Wyoming and Idaho. The
following slides give an indication as to what the Bear River System looks
like.

(L17) (Slide of Gaging Station 10 - 115; Bear River hr. Utah - Wyoming State

Line)

Notice the crystal clean water, with quite a low TDS.
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Figure 9. Surface flow diagram of mean annual water budget for the

Bear River drainage area.
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(L18) (Slide of gaging station 10-320; Smiths Fork near Border, Wyoming)
A typical tributary of the Bear River. Again we see good quality
water.

(L19) (Slide at gaging station 10-795; Bear River at Alexander, Idaho)

A change in water quality from the previous slides is quite noticeable
here as the water is a muddy color.

(L20) (Figure 9, Bear River surface flow diagram map)

Water management of Bear River System could be quite a tricky situation
politically because of the manner in which the river flows from Utah
into Wyoming, into Utah, back into Wyoming, to Idaho and finally into
Utah where it terminates in the Great Salt Lake.

In formulating the model of the Bear River System, we were trying to

accomplish the following:

(24) STEP BETWEEN THE CONCEPTUAL MODEL AND THE WORKING MODEL

This is illustrated at Step 2 in Figure 10.

Real
World

Filter
Filter

tep

(25) Figure 10. Steps in the development of a model of a real world

system.
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The conceptual model is represented in pictoral form by Figure 11.

(L21) (Pictoral of Conceptual Model, Figure 11).
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Figure 11. Pictoral representation of a typical subbasin in the

Bear River System.

The model is based on the principle of continuity of mass as expressed

by the following form of the Hydrologic Equation:
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(L22)

(PPT +QSI +QGI) = (ET + QSO +QGO) = &5 -

in which
PPT - precipitation on the area
Qsi = total surtace inflow
QGl = subsurface inlTow
ET = evapotranspiration from the area
QS0 = tatal surface outtlow
QGO = subsurface outflow
AS = change n water storage ihcluding snow,

soil moisture, surface reseryoirs, and
groundwater

This equation (and others) were then translated into the computer

model as represented by the flow chart given in Figure 12.
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(L23) Figure 12. Schematic diagram of the hydro-salinity model.
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Some additiomal considerations in the model formulating process are:

(26)

(27)

(28)

MODEL COMPLEXITY IS LARGELY A FUNCTION OF MODEL RESOLUTION IN THE
TIME AND SPACE DIMENSIONS.

The shorter the time increment with corresponding smaller space

units requires more complex models with attendent data requirements.

MODEL RESOLUTION IS DETERMINED BY THE PROBLEM REQUIREMENTS (OBJECTIVES)
AND AVAILABLE DATA.

It is quite unlikely that a model which is adequate for sizing an
irrigation storage reservoir would have the fine scale resolution
to generate individual storm runoff hydrographs at 15 minute

intervals,

TWO BASIC CATEGORIES FOR MODEL RESOLUTION ARE:
(A) LUMPED PARAMETER

(B) DISTRIBUTED'PARAMETER

In a lumped parameter model of the Bear River Basin as an
example, the average irrigation efficiency for the entire
basin would be about 40 per cent (conveyance and application).
Whereas, in a distributed parameter model the irrigation
efficiencies pertinent to particular subareas would be used.
The model we developed is sort of a combination. For a given
subbasin, the average value of a parameter is distributed through
the use of several different subbasins in the entire river
basin. The same basic model is used for each subbasin. The
data particular to a given subarea is the determining factor
for identifying parameter values which describe that subarea.

There are two basic model categories as illustrated by Figure 13,
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CoMPUTER MODELING

S IMIATION M\W‘ATiC&L PROGRAMHW;
(GrTua121M6)

DeterMinisTIC StochasTIC DeTERMINgSTIC StocHasTIC

(29)

Figure 13. Two basic model categories.

The model of the Bear River system is a deterministic simulation
model. It is deterministic in the sense that historical data
was used by the model to determine what the response would have
been if certain condi;ions had been imposed on the river

system in the past. This is sometimes called the 'what if"

type of question. The model can estimate the river system
response to such items as changes in agricultural crop acres,

M & I use, phreatophyte, reservoir operation and changes in

exports to or imports from outside the basin.

(L24) MODEL VERIFICATION

The verification process is the means by which a model's credibility

is established through the following steps:

(30)

(31)

SYNTHESIS ON A COMPUTER
MODEL CALIBRATION

An effort is made to select at least a three year period of

record which contains years representing high, low and average
water supply conditions. An automatic process has been developed
whereby a set of upper and lower parameter bounds are given to the
model. It then moves each parameter through the range from the

lower to the upper bound. In the process identifying the parameter
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value which tends to cause the model predicted subbasin outflow
to most closely match the actual recorded values. Successive
phases of the process are used in an attempt to minimize the

effects of parameter interactionms.
(32) MODEL TESTING

With the parameter set as determined in the calibration process,
data from years other than those used in calibration are fed to

the model as a check on its reliability as calibrated.

&« * * * * Video Tape * * * %* *

At this point a presentation of a video taped demonstration of the actual
Bear River model was made., The physical setting of the Cache Valley subbasin
is described and operation of the computer with this data is demonstrated at
Utah State University. In the interest of time, only output from the calibration

process in digital and plotter form is shown.

¥R %k % End of Video Tape ¥ Xk x %

(L25) MODEL RESULTS AND INTERPRETATIONS
(33) SENSITIVITY STUDIES

The response of a model to changing values of one parameter is
examined in a sensitivity study. Output from a storm runoff

model illustrating this is shown in Figure 14.
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(34)

(35)

..
h

Rate {inches/time)

RO = .80 WP {0 percent moisture
P - 33 RO in inches
0.5 RO = 1.05
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wiiting point moisture,
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I8 = 202
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R =070 T
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Time (nours)

Runcfi Rate {inches time)

Surface runoff as affected by changes of inltial
s0il moisture.

Figure 14. Typical results from a sensitivity study in which the
influences on surface runoff (RO) of changes in system

characteristics are demonstrated.

MANAGEMENT STUDIES

One of the main reasons for developing a simulation model is to
produce a toel which allows reliable evaluation of the effects of
alternative management decisions on a river basin system, The

computer model lends itself readily to this role.

Figure 15 serves as an illustration of the models capability to
predict the effects of changing irrigation water application

patterns on the salt concentration of the soil solution in Cache

Valley, Utah.
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SALT CONCENTRATION OF
THE SOIL SOLUTION
{tons /acre-feet)

(36)

SUMMARY

—~——— with project present diversion pattern (salt leaching,
March, Apr, May and June)

~— — —without Cub River project .

- - - - with project {salt leaching, Oct. Nov. Apr. and Sept,

I
17

o

1967 1968
WATER YEAR

PREDICTED SALT CONCENTRATION OF THE SOIL SOLUTION

Figure 15. Predicted salt concentrations of the soil solution.

There are many more types of management studies than this. Other
common studies are concerned with evaluating the effects on
streamflow from proposed changes in reservoir operation and in

irrigated land acreages. Other management output is presented

by Hill, et. al. (1973).

It appears to me that the value of simulation models in the context of

the Principlegs and Standards will come through the following:

1.

Examination of alternative management effects on the water

resource system.

Integration of water quality, water quantity and land use planning.

More quality for less money with reliable results in generating

the effects of alternate plans.
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I would suggest the use of a fairly general model as a theme with
variations on this theme where needed to fit any particular local requirements
in the physical system. If the effects of planning decisions can be determined
in the physical sense then politicians, biologists and others can evaluate these
effects in terms of their own interests, thus contributing to the total planning
effort.

-370-



BIBLIOGRAPHY

Hill, R.W., H.L. Huber, E.K. Israelson, and J.P. Riley, 1972. A Self-Verifying
Hybrid Computer Model of River Basin Hydrology. Paper No. 72084, Water

Resources Bulletin. AWRA. Vol. 8, No. 5, October.

Hill, R.W., E.K. Israelson, A.L. Huber, and J.P. Riley. 1970. A Hydrologic
Model of the Bear River Basin. Report No. PRWG 72-1, Utah Water Research

Laboratory, Utah State University, Logan, Utah.

Hill, Robert W., Eugene K. Israelson, and J. Paul Riley. 1973. Computer
Simulation of the Hydrologic and Salinity Flow Systems Within the Bear

River Basin. PRWG 104-1, Utah Water Research Laboratory, Utah State

University, Logan, Utah.

Hill, R.W. and J.P. Riley. 1973. Interactive Hybrid Computer Simulation for

Teaching Hydrology and Water Resource Management. Transaction COED

division of ASEE. Vol. V, No. 9, September.

Riley, J.P. 1970. Computer Simulation of Water Resources Systems. Systems

Analysis of Hydrologic Problems. Proceedings 2nd ISHP. Utah State

University, Logan, Utah,

1974, Planning for Water Quality in the Bear River System in the State

of Utah. PRWG 142-1, Utah Water Research Laboratory, Utah State University,
Logan, Utah.

-371-



ANALYSIS OF TRADEOFFS

John E. Keith
Utah Water Research Laboratory, Department of Economics,

Utah State University, Logan, Utah

The following discussion is based upon both the economic theory of
trade-offs and a methodological approach to measuring those trade-offs
developed by Y.Y. Haimes and W.A. Hall (1974). The methodology has the
rather elegant name of the Surragate Worth Trade-Off Method. It is based

on the principles of mathematical programming.
Theory

Initially, a brief review of the basic theory of trade-offs will be
made.1/ Given a set of limited resources, alternative goods and services
may be produced, but at some point resources transferred to production of
one good will cause a diminution of production of other goods and services.
Graphically, the area in which relevant trade-offs occur falls between
points X and YEA To the left of point X and below point Y, increases
in output of either good can be accomplished while increasing output of
the alternative good or service. Between the points, increases in one
output occur only at the cost of a loss in the other. This is the rational
decision space. Note that at any point between X and Y we can describe
the cost of increasing production of B as the loss in output of A per
unit increase in B (:%%-. Further, as we devote more resources to
producing A the greater is the forfeiture of output of B required. We
could put this relationship in a second graph, as in Figure 2, relating
the loss in output of B per unit of A produced as we produce more and

more A (or less and less B). This (:%% is a kind of price which

1/ See Little (1957) or Furgeson (1972) for a more rigorous economic
discussion of trade-offs and welfare theory.

2/ See Figure 1.
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Figure 1 Theoretical Trade-O0ff Curve
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Figure 2 Shadow Price Relationship
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indicates what the cost of producing one output is in terms of other output
which must be given up. The economic term (or jargon perhaps) for this
cost is "shadow price." (A second term which is also used in this context
is the "opportunity cost.') Note that at any point along this curve,

there is an endowment of A and B on the related trade-off curve. For
example, if there is a given output of A, say A*, considered, then we

can obtain B* output of B, as in Figure 3.

B* i e WD D DM MR M PN D AN T R WD R W

-3
*

Figure 3 Endowment of A and B

For a unit change in A, we can determine the increase or decrease in B,
or the shadow price, which will be commensurate (j%%*). Note as we

j%%- falls, or the amount of B we must give up to get
increases in A becomes larger. See Figure 4.

produce more A,

Application to Principles and Standards

There are, of course, obvious applications of these trade-off curves
in applying the principles and standards. For example, if we let one

'"'good" be National Economic Development and the other ''good" be
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Figure 4 Commensurate Shadow Price

Environmental Quality, then we get the trade-off curves which have been

illustrated earlier in the week in several presentations.

According to Figure 5, we must at some point begin to forego environ-
mental quality in order to attain more development. The rationale for
this trade-off has been often discussed. A second curve may be further
illustrative. Figure 6 shows a trade-off between National Economic
Development and Regional Development. The rationale here is that over
some range, investments in regional projects will yield discounted returns
greater than the investments cost (i.e., benefit/cost (B/C) ratio is
greater than one). But beyond some point, say X again, regional devel-
opment can only take place with a B/C ratio less than one. Obviously,
we are giving up national economic development (economically efficient
growth) in order to gain improvements in regional development. Clearly,
these trade-off curves can be constructed between each-of the four
accounts, (National Economic Development, Environmental Quality, Regibnal
Development and Social Well-Being) and a rationalization provided for each
trade-off curve, at least on a theoretical basis. Thus, the application

of this kind of analysis is useful in implementing the principles and
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Figure 5 Theoretical Trade-Off Between NED and EQ
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Figure 6 Theoretical Trade-Off Between NED and RD
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standards. The development of alternative plans, as part of the Council

on Water Resources suggested approach, need not be confined to a few points
along the trade-off curves, but instead can encompass the entire range of
trade-offs using incremental changes in one or the other of the several

goals.
Systems Analysis and Trade-Offs

One problem of major proportion remains even on a theoretical basis.
If the trade-offs between categories labeled NED, EQ, RD and SWB are to be
considered (or just NED and EQ) indices for each category must be developed.
These indices may be relatively simple and widely accepted (as the B/C
ratio for NED), but many of the variables may not be easily indexed (the
many varied measures of water quality, for example, may not be compatible

with a single index).

Systems analysis is a tool which is appropriate for these kinds of
large-scale multi-variate problems. At least two kinds of systems
approaches are possible: simulation and optimization techniques. Simulation
techniques utilize mathematical formulations of relationships between
variables. For given changes in one or more variables, changes which occur
throughout the system can be observed. Optimization is similar in that
a system of related mathematical equations is developed. However, the
optimization technique is based upon maximizing (or minimizing) one
relationship (or objective) subject to the constraints imposed by the
remaining relationships. Further, optimization methodologies which have
been developed, principally mathematical programming, yield the increased
(decreased) amount of the objective which could be attained if given
constraints were relaxed by one unit. These values are equivalent to the

shadow prices referred to earlier.

The difference between simulation and optimization is that all of the
solution values are simultaneously determined by a specified set of
equations in the former while the latter technique will maximize or minimize
a given variable and/or equation given the input of the remaining variables
and equations. Further, each equation or variable can be designated as

the "objective function" in turn, yielding optimal values for that equation
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subject to the constraints. By utilizing the techniques of mathematical
programming, changes in optimum values of the objective function or
variables which result from changes in'constraining variables can be
determined. This is known as parameterization. Thus, the optimization
technique (or the simulation technique with more effort and computer
calculations) can yield a set of trade-off curves for varying levels of

constraints and objective functions.2/

These trade-offs are expressed in physical units or indices of one
kind or another. A series of trade-offs between several objectives can be
produced by changing the objective functions, so that each objective is
maximized or minimized subject to constraints from other objectives, as
well as other constraints.3/ For example, NED may be maximized subject to
EQ, RD, and SWB. Then EQ may be maximized subject to RD, SWB and NED and
so forth for each objective. These trade-offs can be used to analyze the
range of trade-offs from which alternétive plans may be developed. These
trade-offs curves are not necessarily plan specific, but can be used to

generate alternative plans within the rational decision space.

Trade-0ff Requirements

The systems analysis methodologies, both simulation and optimization,
require that the functional relationships be interdependent. Otherwise,
changes in a given variable or constraint will not result in changes in
other variables in the objective function. Therefore, logical linkages
between constraints and objective functions must be established. These
linkages include or are related to the indices for each objective and
constraint, if indices are utilized, so that changes in one variable may
yield both changes in the index for that constraint as well as the index
for the objective function. Without the logical linkages, trade-offs and

changes will not be related in a usable way.

2/ Note also that the optimization model will immediately identify the
"maximum plans' which are required by principles and standards when the
other constraints or objectives are not binding on (that is, they do not
restrict) the objective functions. If areas of complementarity exist, they
will be taken into account automatically by optimizing techniques.

3/ A rigorous mathematical derivation of this process is included in
the accompanying appendix, simplified from the Haimes and Hall derivation.
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There also exist several mathematical requirements which must be met
in order to utilize mathematical programming techniques to generate trade-
offs. These requirements are discussed at length in any text on linear
or mathematical programming (Hadley, 1962, for example). These require-
ments are essentially logical consistency, which is also a necessity for
simulation models. Development of both simulation and optimization models
which will generate trade-offs is obviously a rather complicated task, but
it appears to be the least difficult way of meeting the full requirements

of the Principles and Standards.
Virgin River Example

As an example, the following trade-off curves were developed from a

linear programming problem 4/:

NED l—]

RD

Figure 7 NED-RD Trade-Off for the Virgin River Basin, Utah

4/ These curves were derived from a mathematical programming model
of agricultural water allocations in the Virgin River Basin in Utah. The
objective function was net returns per acre, and constraints included
available water, water requirements for crops, costs of water and crop
production and municipal and industrial requirements (fixed demands).
Model description can be found in Keith, et al., (1973).
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This curve can also be translated into the shadow price formulation,

as in Figure 8.

s S

Figure 8 Shadow Price Relationship for NED-RD in the Virgin River Basin

. NED

First, some explanations of the curve itself are required. The
"stepped" function is typical of linear programming output, since con-
straints and objective functions are most often expressed in linear forms
(non-linear programming can be exceedingly costly and difficult in larger
models) Thus, solutions are discontinuous at specific points where a
constraint which previously had not been binding becomes a limiting factor,
or where the constraint system makes a 'quantum jump" in its effect on
the objective function. A continuous curve can be fitted statistically
to these points, or to the mid-points of each horizontal segment to obtain
a continuous curve similar to those in the theoretical discussions, al-

though a continuous curve is not a necessity for a trade-off analysis.

In addition, the indices of NED and RD were determined to be econom-
ically efficient agrcultural production and municipal and industrial (MGI]
requirements. Economically efficient production does, of course, satisfy
the National Economic Development criteria (that is, development produces
sufficient output to pay off the investment). Increasing M§I demand is

a proxy for regional growth only if the following assumptions are made:
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First, increasing M§I requirements are a result of economic development in
the region, and that such development does not alter the technology nor
profitability of agricultural production. Second, M§I requirements will

be met before agricultural water is used. Finally, M§I requirements
increase in proportion to regional development (i.e., they serve as a proxy
for an index of growth). Assumptions similar to these were also made in

order to generate an NED-EQ trade-off curve. Figure 9 is this curve.

EQ

NED

Figure 9 NED-EQ Trade-Off for the Virgin River Basin

Figure 10 is the shadow price trade-offs. These trade-off curves were
based upon the assumption that agricultural producers would be required to
meet minimum water quality standards, and would be required to assume
costs of treatment up to and including secondary treatment costs similar
to those of municipal and industrial treatment. This cost is a proxy

for environmental quality if those treatment costs are proportional to

increased water quality.

It is possible in interface optimization and simulation models in order
to more directly evaluate the effects of various constraints on the objec-
tives. For example, a water quality simulation model which uses inputs from
an optimization model can be adapted to input water quality data to that

optimization model in an interactive process, so that specific water
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Figure 10 Shadow Price Relationship for NED-EQ in the Virgin River Basin

quality (EQ)-production (NED) trade-offs can be determined. Further
modification and detailing can make both models more capable of producing
specific trade-offs. Of course, the more specific and precise the
modeling requirements, the more detailed are the data needs and the more

expensive is the effort required in both time and money.
Some Qualifications on the Use of Systems Analysis

The trade-off curves illustrated must be viewed in the context of
giving the physical trade-offs between two objectives, given that all
other objectives and constraints remain constant. For example, the NED-EQ
curve illustrated applies only to a specific set of RD and SWB assumptions.
For any other set of RD and SWB constraints in the model, a different NED-
EQ curve would be generated. Thus, each of these curves is a member of an
(infinitely) large family of trade-off curves. Even though RD and SWB are
accounts, not objectives, of the Principles and Standards, the assumption
of various specific constraints associated with these accounts (for example,
alternative projected regional developments) within the model will yield
a family of NED-EQ trade-off curves consisting of one curve for each level

assumed for a constraint (alternative development).

The development of alternative plans, as required by the Principles

and Standards, can be confined to a specific area of the rational decision

-382-



space and from there serve as the specific assumptions, so that a family
of trade-off curves representative of alternative plans can be developed
with respect to all the other constraints and objectives. As a specific
example, Figure 9 represents the trade-off between NED and EQ, given the
level of regional development which the State of Utah has projected for
a specific year (from a modification of the OBERS projections for Utah).
For any other year, the level of development (specifically M§I require-
ments) will differ. Given more development, water available for agricul-
turalists will be diminished, and the zero-water-treatment cost (i.e., no
quality consideration) rate of output will be less than the intercept
indicated in Figure 9, and the trade-off curve will be altered in slope
as well. If little growth is expected over the period of time under
consideration for a given plan, then the problem is minimized. 1If, on
fhe other hand, much expansion is expected, or if there is considerable
doubt about how much growth is to be éxpected, the development of a single

trade-off curve as representative is questionable.

There also exists a further caution with regard to the use of systems
analysis to develop trade-offs. The coefficients of the mathematical
equations are most often fixed in the models, but they are derived from
stochastic data so that each coefficient is accurate only within some
upper and lower bound. There are techniques available in optimization
methodologies to test how much effect changes in a given coefficient will
have, so that variables which are critical can be examined more closely
for accuracy. (These are termed "“ranging techniques"). Thus, the trade-
off curves are more nearly trade-off bands which include the coefficient

variability.
Selecting Alternative Plans

Once the physical trade-offs have been constructed for various alter-
native assumptions, they can be utilized to determine the appropriateness
of specific plans with respect to the wishes of the society. In theoretical
terms, once we have the production frontier and the trade-off curve for
output, we need to have a measure of the relative value of each output
to determine the correct mix. Economists call this measure a price line

when the production of market goods is involved, or an indifference curve
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when public values are involved. Figure 11 is an example of an indifference
curve-production trade-off analysis, where I is the public or social
indifference curve. The tangency of the trade-off function and the
indifference curve I1 is the "optimal" trade-off. Any other combination
of outputs (say at point Z) will yield less satisfaction (Io) to the
public. A major problem in all of planning is how to determine the public
indifference curve, so that an optimal plan, one which yields the greatest
public satisfaction, can be determined. There have been some methodologies
suggested, dealing primarily with political feasibility.§] These analyses
implicitly use political acceptability and feasibility as proxies for public
satisfaction, and assume two precepts: first, that politically feasible
policies of plans are more productive of public satisfaction than those
policies or plans which are not feasible; and second, that political
decision-makers, primarily but not exclusively elected officials, are

capable of determining political feasibility.

Figure 11 Production Trade-Off and Indifference Curves

5/ See Dr. Jim Mulder's contribution to this manual, for example.
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The public participation part of the Principles and Standards is in
this way taken into account. However, there is no reason that individuals
and groups within society could not participate in these methodologies,

and other approaches do include such participation.
A Suggested Methodology

The approach suggested by Haimes and Hall begins by generating the
physical trade-offs which are attained using optimization techniques as
discussed earlier. Political decision-makers (both elected and non-elected,
assumably) are interviewed in order to obtain their estimation of political
feasibility. Each decision-maker interviewed is given an initial endowment
of objectives (so much efficient development and water quality of a given
level), then he is asked to relate whether he would be willing to trade,
in a political sense, the amount of one objective for the amount of the
other objective, determined by the physical trade-offs. If he is, the
endowment is changed to correspond to the trade-off, and the nextgtrade—off
is presented and so on until the decision-maker indicates that he is
indifferent to some trade-off. This procedure would then be repeated
starting from an endowment maximizing the second objective. Thus the
"indifference band," or the ranges of endowments and trade-offs to which
the decision-maker is indifferent, is determined. Figure 12 illustrates
such an indifference band, I, for a given trade-off curtve. Note that both
the endowments and the trade-offs are presented, in contrast to othér o
methodologies. If every involved decision-maker has an indifference band
which includes a given segment of the trade-off curve, then the politically
viable plan or alternative will be the plan which yields that segment of
endowment and trade-off. That is, no decision-maker will object to that
combination of output, and therefore, the public satisfaction wili be
maximized (given the assumptions of "representativeness'"). If, on the
other hand, there exists no segment over which all decision-makers agree
(normally the case], then political viability will have to be determined
by the power position of each decision-maker (and his constituency) or
by shifting other constraints until a trade-off curve on which all decision-

makers' indifference bands overlap is achieved.
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Figure 12 Indifference Band

There are, of course, problems with such a methodology, including the
ability of decision-makers, particularly non-elected ones, to estimate
or reflect constituent attitudes, the appropriateness of political
viability as a measure of public satisfaction, and the problems associated
with changing public opinion, interest, and action. No methodology which
attempts to measure social values is entirely free of these kinds of
objections. The suggested methodology does proceed from, and include
explicitly, the physical possibilities and trade-offs as specified condi-
tions. The practical question is whether or not this methodology satisfies
the Principles and Standards requirements for public participation, and

whether it meets the test of actual use.

In summary, the systems analysis approach to implementing the require-
ments of the Principles and Standards has some difficulties. However, the
impossibility of understanding and manipulating the tremendous number of
variables and complex relationships which must be considered by individuals
in policy-making positions necessitates the use of systems analysis in
order that a reasonably clear view of outcomes be generated. The generation
of trade-offs and endowments, in physical terms, adds significantly fo

the information available to decision-makers. The explicit examination of
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choices and reasons for preferring a specific set of outcomes or policies
appears to be a major benefit to the decision-making process, and a step

toward the implementation of the Principles and Standards.
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Appendix

Assume two objectives, f1 and fz, which are functions of one variable,
X. Suppose both ovjectives are to be maximized. A maximum value for f2’

called ?é, can be found.
£ = 2Z where Z0 is a scalar.

This equation can be rewritten as a constraint:

or f, < Z (1)

t, = 2 - 62 (where the squared term assures positiveness) (2)

also call

62

Z,-8) = &,

Forming the Legrangian expression

_ 2
L = f1 - A(f2 - Zo +87) (3)

and taking the partial derivatives to determine a maximum:

I | “
3X - aX aX
5L 2
I f2 - Zo * 3 (5)
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ggé = -X (6)
g%- = 218 (7)

Siving {4) for a maximum

| | -
fl + A(fz) = 0

Bfl sz Bfl

_l = e —— = 5—_—

X X f2

[+

[he same result can be obtained by noting that at optimum in equation (6)

f
- - a o= L
L = f1 , and €, = f2 , so that -2 fz 1
Afl
Ths, (the Legrangian multiplier) equals the shadow price, X
2

for example, assume

£, 0= 25 - (x-0)°
2

£, = 15 - (X-10)

£, = 15

£, < 15 - &
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Pick 6 = 20 or f2 = -5

L = 25 - (X-4)% - A[20 - (X-10)?]
== 2(X-4) - 2(x-10)
%% = 20 - (X-10)°
Solving
S(x-10)% = -20
X-10 = +/20
X = 10+ V5 = 5.53 or 14.47
For X = 14.47, 2(14.47 - 4) - 2)(14.47 - 10) = 0
= 1%%§%% > 0
For X = 5.53, 2(5.53 - 4) - 2A(5.53 - 10) = 0
o

or one unit of f2 given up yields only .34 units of f1 increased.

In sum,

fl = 22.66
f2 = -5
A= -.34
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For 62 = 5 or

f2 = 10
X = 7.765
fl = 10.82
f2 = 10
X = -1.68

or one unit of f2 given up yield 1.68 increase in fl'

Increments of 62 can be included so as to describe the entire trade-
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