
217 

NATIONAL COOPERATIVE 
HIGHWAY RESEARCH PROGRAM REPORT 217 

THE NO-ACTION ALTERNATIVE 
IMPACT ASSESSMENT GUIDELINES 

TRANSPORTATION RESEARCH BOARD 
NATIONAL RESEARCH COUNCIL 



TRANSPORTATION RESEARCH BOARD 1979 

Officers 

PETER G. KOLTNOW, Chairman 	THOMAS D. MORELAND, Vice Chairman 
W. N. CAREY, JR., Executive Director 

Executive Committee 

HENRIK E. STAFSETH, Assi. to the President, American Assn. of State Highway and Transp. Officials (ex officio) 
LANGHORNE M. BOND, Federal Aviation Administrator, U.S. Department of Transportation (ex officio) 
KARL S. BOWERS, Federal Highway Administrator, U.S. Department of Transportation (ex officio) 
LILLIAN C. LIBURDI, Acting Urban Mass Transportation Deputy Administrator, U.S. Dept. of Transportation (ex officio) 
JOHN M. SULLIVAN, Federal Railroad Administrator, U.S. Department of Transportation (ex officio) 
WILLIAM J. HARRIS, JR., Vice President (Res. and Test. Dept.), Associatidn of American Railroads (ex officio) 
ROBERT N. HUNTER, Chief Engineer, Missouri State Highway Department (ex officio, Past Chairman 1977) 
A. SCHEFFER LANG, Consultant, Washington, D.C. (ex officio, Past Chairman 1978) 
HOWARD L. GAUTHIER, Professor  of Geography, Ohio State University (ex officio, MTRB liaison) 
LAWRENCE D. DAHMS, Executive Director, Metropolitan Transportation Commission, San Francisco Bay Area 
ARTHUR C. FORD, Assistant Vice President (Long-Range Planning), Delta Air Lines 
ARTHUR J. HOLLAND, Mayor, City of Trenton, N.J. 
JACK KINSTLINGER, Executive Director, Colorado Department of Highways 
PETER G. KOLTNOW, President, Highway Users Federation for Safety and Mobility 
THOMAS J. LAMPHIER, President, Transportation Division, Burlington Northern, Inc. 
ROGER L. MALLAR, Commissioner, Maine Department of Transportation 
MARVIN L. MANHEIM, Professor of Civil Engineering, Massachusetts Institute of Technology 
DARRELL V. MANNING, Director, idaho Transportation Department 
ROBERT S. MICHAEL, Director of Aviation, City and County of Denver, Colorado 
THOMAS D. MORELAND, Commissioner and State Highway Engineer, Georgia Department of Transportation 
DANIEL MURPHY, County Executive, Oakland County, Michigan 
RICHARD S. PAGE, General Manager, Washington (D.C.) Metropolitan Area Transit Authority 
PHILIP J. RINGO, President, ATE Management & Services Co. 
MARK D. ROBESON, Chairman, Finance Committee, Yellow Freight Systems 
DOUGLAS N. SCHNEIDER, JR., Director, District of Columbia Department of Transportation 
WILLIAM K. SMITH, Vice President (Transportation), General Mills 
JOHN R. TABB, Director, Mississippi State Highway Department 
JOHN P. WOODFORD, Director, Michigan Department of Transportation 
CHARLES V. WOOTAN, Director, Texas Transportation Institute, Texas A&M University 

NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

Transportation Research Board Executive Committee Subcommittee for the NCHRP 

PETER G. KOLTNOW, Highway Users Federation (Chairman) 	 KARL S. BOWERS, U.S. Department of Transportation 
THOMAS D. MORELAND, Georgia Department of Transportation 	 A. SCHEFFER LANG, Consultant, Washington, D.C. 
HENRIK E. STAFSETH, Amer. Ass,,, of State Hwy. and Transp. Officials 	W. N. CAREY, JR., Transportation Research Board 

Field of Transportation Planning 
Area of Forecasting 
Project Panel, B8-11 

C. E. FORBES, California Dept. of Trans. (Chairman) 
JOSEPH AMARAL, JR., OffIce of Management and Budget 
MARTIN CONVISSER, U.S. Dept. of Transportation 
ALBERT A. GRANT, Metropolitan Washington Council of Gov'ts. 
IRVING HAND, The Pennsylvania State University 
KATHLEEN STEIN HUDSON, Central Trans. Planning Staff, 

Boston 
HAROLD KASSOFF, State Highway Administration 

Program Staff 

KRIEGER W. HENDERSON, JR., Program Director 
LOUIS M. MACGREGOR, Administrative Engineer 
CRAWFORD F. JENCKS, Projects Engineer 
R. IAN KINGHAM, Projects Engineer 
ROBERT J. REILLY, Projects Engineer 

ARMAND LEPAGE, Consultant 
GEORGE H. TANNER, N.Y. State Dept. of Transportation 
CHARLES V. WOOTAN, Texas A. & M. University 
ROBERT J. LAVELL Federal Highway Administration 
KEN E. COOK, Transportation Research Board 
FLOYD THIEL, Transportation Research Board 
STEPHEN BLAKE, Transportation Research Board 

HARRY A. SMITH, Projects Engineer 
ROBERT E. SPICHER, Projects Engineer 
HERBERT P. ORLAND, Editor 
HELEN MACK, Associate Editor 



NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 
REPORT 21-7 '  - 

THE NO-ACTION ALTERNATIVE •  
IMPACT ASSESSMENT GUIbELINES 

J. S. LANE, L. R. GRENZEBACK, 
T. J. MARTIN, AND S. C. LOCKWOOD 

David A. Crane and Partners/DACP, Inc. 
Boston, Massachusetts 

RESEARCH SPONSORED BY THE AMERICAN 

ASSOCIATION OF STATE HIGHWAY AND 
TRANSPORTATION OFFICIALS IN COOPERATION 
WITH THE FEDERAL HIGHWAY ADMINISTRATION 

AREAS OF INTEREST: 

ADMINISTRATION 

PLANNING 

USER NEEDS 

ENERGY AND ENVIRONMENT 

(HIGHWAY TRANSPORTATION) 

(PUBLIC TRANSIT) 

(RAIL TRANSPORTATION) 	 S  

(AIR TRANSPORTATION) 

(OTHER) 

TRANSPORTATION RESEARCH BOARD 
NATIONAL RESEARCH COUNCIL 
WASHINGTON, D.C. 	 DECEMBER 1979 



NATIONAL COOPERATIVE HIGHWAY RESEARCH PROGRAM 

Systematic, well-designed research provides the most ef-
fective approach to the solution of many problems facing 
highway administrators and engineers. Often, highway 
problems are of local interest and can best be studied by 
highway departments individually or in cooperation with 
their state universities and others. However, the accelerat-
ing growth of highway transportation develops increasingly 
complex problems of wide interest to highway authorities. 
These problems are best studied through a coordinated 
program of cooperative research. 
In recognition of these needs, the highway administrators 
of the American Association of State Highway and Trans-
portation Officials initiated in 1962 an objective national 
highway research program employing modern scientific 
techniques. This program is supported on a continuing 
basis by funds from participating member states of the 
Association and it receives the full cooperation and support 
of the Federal Highway Administration, United States 
Department of Transportation. 
The Transportation Research Board of the National Re-
search Council was requested by the Association to admin-
ister the research program because of the Board's recog-
nized objectivity and understanding of modern research 
practices. The Board is uniquely suited for this purpose 
as: it maintains an extensive committee structure from 
which authorities on any highway transportation subject 
may be drawn; it possesses avenues of communications and 
cooperation with federal, state, and local governmental 
agencies, universities, and industry; its relationship to its 
parent organization, the National Academy of Sciences, a 
private, nonprofit institution, is an insurance of objectivity; 
it maintains a full-time research correlation staff of special-
ists in highway transportation matters to bring the findings 
of research directly to those who are in a position to use 
them. 
The program is developed on the basis of research needs 
identified by chief administrators of the highway and trans-
portation departments and by committees of AASHTO. 
Each year, specific areas of research needs to be included 
in the program are proposed to the Academy and the Board 
by the American Association of State Highway and Trans-
portation Officials. Research projects to fulfill these needs 
are defined by the Board, and qualified research agencies 
are selected from those that have submitted proposals. Ad-
ministration and surveillance of research contracts are 
responsibilities of the Academy and its Transportation 
Research Board. 
The needs for highway research are many, and the National 
Cooperative Highway Research Program can make signifi-
cant contributions to the solution of highway transportation 
problems of mutual concern to many responsible groups. 
The program, however, is intended to complement rather 
than to substitute for or duplicate other highway research 
programs. 
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FOREVt/ORD 	These guidelines will be of special interest to agency administrators, project 
managers, and impact analysts responsible for project-level planning and impact 

	

By Staff 	assessment; the guidelines are applicable to both highway and transit planning. The 

	

Transportation 	guidelines define the transportation planning and impact assessment process showing 

	

Research Board 	how the no-action alternative can provide a benchmark for assessment of impacts 
and evaluation of alternatives. The guidelines address the issues of: (1) legal 
requirements governing no-action alternatives; (2) the role of the no-action alterna-
tive in transportation planning; (3) definition of no-action, minor (TSM), and 
major alternatives; (4) social, economic, and environmental impact assessment 
techniques for the no-action alternative; and (5) use of the no-action alternative 
in project evaluation. Although the guidelines are oriented toward transportation 
planning, many of the principles and procedures can be readily applied to the 
evaluation of other types of development projects. 

There are strong pressures today on transportation agencies to be rigorous in 
their assessment of transportation impacts and highly selective in investing in 
transportation projects. In this context, impact, assessment and evaluation proce-
dures must provide clear answers to two basic questions: Which of the proposed 
project alternatives best meets transportation needs? Is the total effect of investing 
in a project more beneficial, or less costly, than the total effect of not investing (that 
is, choosing no action)? In short, is the project worthwhile? NCHRP Project 8-11 
had as its general objective the strengthening' of transportation impact assessment 
and evaluation procedures; the mechanism for this was the no-action alternative. 
The research was to define the no-action alternative, determine its role in impact 
assessment and project evaluation, and review techniques available for assessing the 
impacts of no-action and other project alternatives. These objectives have been 
accomplished with the publication of two NCHRP reports: NCHRP Report 216 
highlights the findings of the research and documents the research procedures and 
activities; NCHRP Report 217 sets forth policy and procedural guidelines showing 
how the research findings may be applied to strengthen impact assessment and 
evaluation. 

The research was conducted in two phases. The first half of the study involved 
a literature search, a review of several hundred planning and environmental impact 
assessment documents, a nationwide survey of state transportation officials, and 
case studies of four major transportation projects for which no-action decisions 
were made. It was determined, for both legal and technical reasons, that the no-
action alternative should be used as a benchmark against which the impacts of a 
proposed project and its alternatives can be compared, and that it should be used 
as a means of structuring the evaluation process. However, in reviewing agency 
procedures, it was found that current practices were inconsistent and confusing. 
Definitions of the no-action alternative varied widely and procedures for its use were 
often nonexistent. These findings were documented and published in an interim 
report in December 1975 (available from University Microfilms International, 



Document No. PB 2849). Included in that document were the four case studies 
and an extensive state-of-the-art review of social, economic, and environmental 
impact assessment techniques. 

During the second half of the research, policies and procedures were developed 
to deal with the no-action alternative. It was further recommended that the impacts 
of the no-action alternative be assessed at the same level of detail as other alterna-
tives. It was recommended that the no-action alternative be defined as the main-
tenance of existing facilities and services in the study corridor and the region. These 
recommendations, the rationale for them, and a description of the role the no-action 
alternative in impact assessment and project evaluation were incorporated into a set 
of guidelines intended for use by transportation agency administrators and planners. 
A procedure for impact assessment was developed and techniques for 13 categories 
of social, economic, and environmental impacts were recommended and included 
in the guidelines. The guidelines were then extensively tested in a pilot program 
undertaken with nine state transportation agencies. The revised guidelines form 
this volume, NCHRP Report 217. 
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OVERVIEW 

The subject of these Guidelines is the transportation 
planning process. Transportation planning today is in 
a period of rapid change. Vehement and often bitter 
debates have marked the collapse of the postwar con-
sensus that saw the solution to transportation prob-
lems in highway construction. Today there is a rising 
demand for consideration of a wider range of transpor-
tation alternatives, including transit and better use 
of existing highways. This demand for a more sophis-
ticated approach has been underscored by the pressures 
of environmental conservation, community preservation 
and energy shortages. These influences, in combina-
tion with shrinking transportation budgets, are forc-
ing state and local transportation agencies to develop 
more rigorous procedures for impact assessment and the 
evaluation of alternatives. 

The Guidelines recommend policy and procedural changes 
to strengthen both assessment and evaluation. The 
mechanism for this is the no-action alternative, which 
can provide a benchmark for assessment of impacts and 
the evaluation of alternatives. 

SYNOPSIS 

The Guidelines are organized into two chapters and 
four appendices. The topics and conclusions of each 
are summarized below: 

Chapter One - The No-Action Alternative. The 
first section of this chapter discusses the func-
tion of the no-action alternative and recommends 
its use as a benchmark for impact assessment and 
the evaluation of alternatives. There is a review 
of the legal requirements to assess the no-action 
alternative; it concludes that the legislative and 
administrative mandates for the inclusion of no 
action alternatives in transportation planning are 
clearly established and have been upheld in a num-
ber of court decisions. 



The second section provides standardized defini- 
tions of alternatives. The Guidelines recommend 
that the no-action alternative be defined as the 
maintenance of existing facilities and services 
and the continuation of existing transportation 
policies. Alternatives involving low or modest 
investments are designated as. minor alternatives; 
this group includes much of what now fails under 
the general rubrics of low capital cost improve-
ments and transportation system management (TSM) 
plans. Those alternatives which involve substan-
tial investment, cause significant impact or in-
crease in capacity are designated as major alter-
natives; included in this group are most primary 
construction activities. 

Chapter Two - Application of the No-Action Alter-
native to Transportation Planning. The first sec-
tion discusses when and where in the transporta-
tion planning process the no-action alternative 
should be used. A model is presented to specify 
the key decision points where the no-action alter-
native can be used to structure the evaluation of 
alternatives. Two stages of impact assessment are 
defined within the project location (alternatives 
analysis) planning phase: a preliminary develop-
ment of alternatives and impact screening, and a 
comprehensive development of alternatives and im-
pact assessment. 

The second section addresses the need for a more 
informed and rigorous use of the techniques avail-
able for impact assessment. In the first part, 
recommendations are made on the definition of al-
ternatives, the choice of assessment time frames, 
the determination of the scope of assessment (im-
pacts and study areas), and the. development of 
work plans for impact assessment studies. This is 
followed in the second part by a brief discussion 
of the techniques used to forecast base condi-
tions--population, employment, land use and, trans-
portation. The third part of the section recoin-
mends specific assessment techniques for 13 cate- - 
gories of impact of concern in transportation 
planning: 	 - 

Social: 

Community cohesion 
Accessibility of facilities and services 

3.' Displacement of people 

onomic: 

Employment, income and business activity 
Residential activity 
Fiscal impacts 
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Regional and community plans and growth 
Resources and energy 

Environmental: 

Environmental design, aesthetics and his-
toric values 
Terrestrial ecosystems 

ii. Aquatic ecosystems 
Air quality 
Noise 

Each impact is described, and a step-by-step pro-
cess for assessing. the magnitude, incidence and 
significance of existing and future impacts is 
shown with suggested techniques for each step. 
The techniques are cross-referenced to Appendix A: 
Techniques Dictionary. 

The third section in Chapter Two deals with the 
evaluation of alternatives. Once the impacts of 
each alternative have been assessed, this informa-
tion must be displayed in comparable terms that 
are intelligible to decision-makers and the pub-
lic. This must be done at each key point in the 
development process. The Guidelines recommend the 
use of the "balance sheet evaluation technique" 
and offer guidance on approach and format. 

There are four technical appendices to the guidelines: 

Appendix A: Techniques Dictionary. This appendix 
provides summary descriptions of the impact as-
sessment techniques recommended in the yellow 
pages of Chapter Two The characteristics of each 
technique are briefly described and references to 
further technical information are listed. 

Appendix B: Case Examples. Applications of the 
recommendations made in the Guidelines are illus-
trated in three summary cases: an urban transit-
way project, a bridge replacement project on a 
suburban highway, and a relocation and upgrade 
project on a rural highway. Each case presents a 
description of the situation, the alternatives 
studied, and an outline of the assessment process 
and evaluation approach. 

Appendix C: Notes. This appendix presents the 
conceptual model of impact assessment which was 
used to develop the eight-step process shown in 
the Chapter Two. 

Appendix D: References. This final appendix pro- - 
vides full citations of the works refernced in 
the text and appendices as well as general litera-
ture on the impact assessment process. 
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READERS' GUIDE 

Agency administrators should read Chapter One on 
the function and definition of the no-action al-
ternative and review the recommendations made 
about the planning process in Chapter Two. These 
pages explain the legal requirements for assess-
ment of the no-action alternative and show how it 
can be used to improve the assessment and evalua-
tion processes. The Guidelines will he particu-
lariv useful to administrators responsible for de-
signing and implementing state Action Plans. 

Project managers should review the entire Guide-
lines in detail since most of the recommendations 
are directed at project level planning. The 
material in Chapter Two will be familiar to most 
project managers but has been organized to give 
them an overview of the impact assessment process 
which they manage on a day-to-day basis. The 
Guidelines will be especially useful for personnel 
who are new to project management and wish to de-
velop a general undertandirig of the transportation 
planning and impact assessment processes. 

Impact analysts will find a description of impacts 
and a listing of current impact assessment techni-
ques in the yellow pages. and the Techniques Dic- 
tionary. This material, will be useful for peopl.e 
new to transportation impact assessment and for 
experienced analysts who are looking for alternate 
techniques. The yellow pages are not comprehen-
sive in their listing of techniques, nor are the 
techniques required; 'analysts may substitute new 
techniques at any step in the process. 

General readers will, hopeful.ly, find the Guide-
lines useful in developing an understanding of how 
transportation planners and impact analysts think 
about and organize their work. Although the 
Guidelines are oriented toward transportation 
planning, many of the principles and procedures 
can be readily applied to the evaluation of other 
types of projects. 
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Chapter 1 	The No-ActiOn Alternative 

Impact assessment and evaluation procedures must pro- Function 	vide answers to two questions: 

Which of the proposed alternatives best meets the 
transportation needs' 

Is the total effect of investing in a project more 
beneficial, or less costly, than the total effect 
of not investing (that is, choosing no action)? 
Is it worthwhile? 

The no-action alternative provides a means to address 
these questions. It creates a benchmark against which. 
a proposed project and its alternatives can be com-
pared and provides a means of structuring the evalua-
tion process. It does not necessarily imply that the 
no-action option is the most desirable solution, but 
rather offers a means of explaining and justifying the 
selection or rejection of proposed projects. 

Comparison of a proposed transportation action to the 
no-action alternative should result in one of three 
detetminations: 

That the consequences of the. proposed action are 
clearly preferable to the consequences of no ac-
tion, and, therefore, that the action should be 
taken. 

That the consequences of the proposed action are 
clearly worse than the consequences of no action, 
and, therefore, that the action should not be 
taken. 

That the consequences of the proposed action are 
not substantially better or worse than the conse-
quences of no action; and, therefore, that the ac-
tion should be reevaluated or redesigned. 

Failure to define and assess a no-action alternative 
leaves decision-makers with no standard or benchmark 
by which to measure, even approximately, the full 

5 



costs and benefits of a proposed transportation facil-
ity or an administrative action. Since highway and 
transit projects often involve major public invest-
ments and significant impacts, there is a great need 
for intelligible evaluations that will: promote in-
formed decision-making. Accordingly, the requirement 
to include a no-action alternative in project evalua-
tions has been written into legislation and admini-
stration guidelines. 

The National Environmental Policy Act of 1969 (NEPA) 
stipulates that alternatives to a proposed action be 
considered "for major Federal actions significantly 
affecting the quality of the human environment." (42 
U.S.C. 4332(2) (C) & (D)) The subsequent guidelines 
issued by the Council on Environmental Quality imple-
menting the procedural provisions of NEPA state that 
"agencies shall: 

Rigorously explore and objectively evaluate all 
reasonable alternatives, and for alternatives 
which were eliminated from detailed study, briefly 
discuss the reasons for their having been elimin-
ated. 
Devote substantial treatment to each alternative 
considered in detail including the proposed action 
so that reviewers may evaluate their comparative 
merits. 
Include reasonable alternatives not within the 
jurisdiction of the lead agency. 
Include the alternative of no action. (emphasis 
added) 
Identify the agency's preferred alternative or al-
ternatives, if one or more exists, in the draft 
statement and identify such alternative in the 
final statement unless another law prohibits the 
expression of such a preference;..." (40 CFR 1.500; 
effective date: 1uly 30, 1979) 

The reasoning behind these requirements is presented 
in the Federal Highway Administration's "Process 
Guidelines for the Development of Environmental Action 
Plans," which states, "Alternatives considered should 
include, where appropriate, alternative types and 
scales of highway improvements and other transporta-
tion modes. The option of no improvement should be 
considered and used as a reference point for determin-
ing the beneficial and adverse effects of other alter-
natives.... The Action Plan should identify the as-
signment of responsibility and the procedures to be 
followed to ensure that: (1) the consequences of the 
no-highway-improvement are set forth, with data of a 
level of completeness and of detail consistent with 
that developed for other alternatives; (and) (2) a 
range of alternatives appropriate to the stage is con-
sidered at each stage from system studies through 
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final design." (Federal Aid Highway Program Manual 
Vol. 7, Ch. 7, Sec. 1, Dec. 30, 1974) 

The Urban Mass Transportation Administration also em-
phasizes the consideration of a complete range of al-
ternatives in Major Urban Mass Transportation Invest- 

inents: 	Statement of Policy. - (41 FR 185, Sept. 22, 
1976, pp. 41511-41514) In the accompanying "Draft An-
notations Pursuant to Policy on Major Urban Mass 
Transportation Investment" (March 1976), UMTA.argues: 
"The evaluation process should focus on the marginal 
effectiveness which would result from additional tran-
sit investment. There are three alternatives which 
provide a base for assessing marginal effectiveness 
and costs: the existing transportation system; the 
null future transportation system--which is defined as 
the existing transportation system modified solely to 
provide existing levels of service for changes in pop-
ulation and land use; and the TSM alternative. There-
fore, the alternatives analysis should include a com-
parison of a given alternative (to these baseline al-
ternatives) . . . .One last 'baseline' case could be ex--
amined in the analysis. The existing system without 
allowing for growth, could be projected into the 
future to serve demand. Primarily this would be done 
to assess the consequences of foregoing proposed in-
vestments, and to further underline the added benefits 
through goal attainment with the added investment." 

While the logic of this evaluation approach is widely 
accepted and its need recognized, its application has 
been uneven. Most transportation agencies have incor-
porated some form of no-action alternative as a bench-
mark in their project planning and assessment work, 
although the nomenclature varies--"no build," "do 
nothing," "no. action," "null," etc. By and large, 
these alternatives are used to designate a default 
situation--the case occurring if a decision is made 
not to construct a transportation facility. They gen-
erally imply an option involving no construction and 
little or no expenditure of time and money. 

Beyond this, there has been little agreement on a pre-
cise definition or role of a no-action alternative. 
The phrase has been applied to any number of activi-
ties--including abandonment; reduced maintenance; con-
tinued physical maintenance of existing facilities or 
services; maintenance of level or quality of service; 
the range of traffic operations and management strate-
gies now classified as transportation systems manage-
ment (TSM); as well as construction improvements up to 
and including road widening and grade separation. 

This lack of standardization has produced very diver-
gent treatments of the no-action alternative. At one 
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extreme are the cases where the no-action alternative 
describes the compensatory actions or remedial, con-
struction that could he undertaken if the preferred 
plan is rejected. These alternatives frequently in-
volve the widening or reconstruction of existing 
facilities with projected costs and impacts so high as 
to make them sizeahie transportation investments in 
their own right. As such, they do not represent the 
consequence of taking no action, but rather fall into 
the category of "minor actions" or "transportation 
systems management." At the other extreme are the no 
action alternatives which have been set up to facili-
tate justification of the desired project or to pro-
vide pro forma compliance with legislative and admini-
strative requirements. The implied definitions are 
often inappropriate--for example, abandonment of an 
existing facility--with no attempt to realistically 
and fully assess the consequences of the no-action al-
ternative. This has confused transportation profes-
sionals and the. general public, resulting in skepti-
cism about the ability of transportation agencies to 
respond to transportation needs. 

Despite the fact that federal guidelines are explicit 
about the need to define and assess alternatives, 
legal challenges have been a problem for many agencies 
over the last five to seven years. The courts have 
been strict in their interpretation of these require-
ments. Where adequate consideration has not been 
given to a no-action alternative, projects have been 
successfully challenged for failure to comply with the 
procedural letter of the law, regardless of other sub-
stantive issues involved. This has necessitated 
costly, time-consuming restudies during a period when 
many state transportation budgets have experienced 
cutbacks. While the need for restudies is diminishing 
as agency Action Plans become more sophisticated, 
there is stil.i some reluctance to deal with the no ac-
tion alternative and to use it in undertaking a rigor-
ous comparison among alternatives. 

- 

This reluctance has allowed project opponents to argue 
that no action equals no impact and is therefore pre-
ferable to the disruption and long-term impact of new 
construction. Transportation needs studies generally 
document the traffic, safety and travel demand impacts 
of maintaining the existing road network or transit 
services, but these studies alone have not proved a 
satisfactory response because they do not deal with 
the social, economic and environmental impacts that 
are of immediate concern to many communities. The re-
sult--all too often--is a public perception that 
transportation agencies are committed to engineering 
plans and construction programs for their own ends and 
are insensitive to the need to balance transportation 
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improvements against other community goals. This 
skepticism erodes the agencies' credibility and the 
willingness of the public to accept their recominenda- 
t ions. 

The general objective' of the Guidelines is to 
strengthen the planning and assessment process by 
showing how the no-action alternative can be used to 
document transportation needs and to compare the rela-
tive social, economic and environmental costs and 
benefits of different transportation investment alter-
natives. The next section presents a standardized de-
finition for the no-action alternative. Chapter Two 
deals with the application of the no-action alterna-
tive to the transportation planning process. It dis-
cusses the planning and assessment process, techniques 
for social, economic and'environmentai- impact analysis 
of transportation alternatives, and the comparison of 
alternatives for plan evaluation. 



if..In recent years, the terms "no-action alternative," 
t'Y1ILI Alt! 

	

	 "no build" and "do nothing" have been widely applied 
to a variety of low to moderate investment options. 
This inconsistent usage has obscured the purpose of a 
no-action alternative: to provide a benchmark for the 
evaluation of proposed projects. (See Figure 1.) 

To remedy this confusion and to standardize the evalu-
ation process, these Guidelines recommend that the no 
action alternative be defined as the maintenance of 
existing facilites and services, and the continuation 
of existing transportation policies. With this in 
mind, other options of various scales may be consid-
ered, and compared to the no action alternative. 
Minor alternatives, for instance, would include the 
modest transportation investments which now fall under 
the general rubrics of low capital cost improvements 
and transportation systems management (TSM) plans, 
such as traffic operations improvements, lane widen-
ings, carpooling programs, and user pricing policies. 
Major alternatives would involve construction or major 
policy changes involving substantial investment of re-
sources and/or significant impacts. 

NO ACTION ALTERNATIVE 

In transportation planning and. impact assessment, the 
no-action alternative should be consistently used to 
mean: 

the maintenance of existing facilities and ser-
vices in the study corridor and the region; 

the completion and maintenance of committed pro-
jects in the study corridor and the region; and 

the continuation of existing transportation poli-
cies. 

Maintenance includes activities • such as filling pot-
holes, repainting pavement markings, replacing worn 
rails and switch mechanisms, routine overhauling of 
buses, and so on--activities which do . not increase 
capacity or improve the level of service and are not 
intended to meet future travel demand. Other activi-
ties, such as the signalization of an urban traffic 
corridor, construction of left turn bays, designation 
of high occupancy vehicle lanes, or addition of new 
transit routes, should be treated as separate TSM or 
minor alternatives. These activities generally are 
intended to improve capacity or the level of service 
and to meet--at least partially--travel, demand. 

Maintenance should not include the capital costs of 
reconstruction, such as road resurfacing or replace-
ment of bridge structures, unless these expenditures 
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are clearly part of a "life cycle maintenance stra-
tegy" and necessary to maintain public safety. If re-
construction is warranted, then design and cost esti-
mates should assume the replacement of the existing 
facility without increased capacity or services. 

cisting facilities and services include all roads and 
transit services in the study corridor and region 
which will serve travel demand if the proposed project 
is not built. This network of impacted roads often 
extends well beyond the irunediate study corridor, par-
ticularly in urban areas where increasing congestion 
causes traffic to divert to alternate corridors. 

Committed projects refer to planned projects in the 
study corridor and the region which are under con-
struction or reasonably sure to begin construction in 
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the near future, and which will be operational in the 
period being studied for the proposed project. A 
clear definition of the future transportation network 
is necessary for travel demand forecasting and traffic 
assignment as well as for the ana1.ysis of areawide air 
quality impacts. 

Explicit assumptions also must be made about the sta-
tus of planned but uncoithittec3 projects, but this must 
be done on a case-by-case basis because no single rule 
can be applied. Planned facilities listed on off ici-
ally adopted highway or transit system plans should he 
carefully examined to assess their effect on the main-
tenance of exist.ing facilities. There is a clear con-
flict when a planned facility is directly dependent 
upon prior completion of the project being studied; if 
so, the no action alternative should assume mainte-
nance of the existing facility (if any), rather than 
completion of the planned one. Most situations will 
not he this clear-cut, however, and considerable pro-
fessional, judgment may be needed to define the most 
realistic future transportation network. Once this 
process is completed, only slight modifications will 
be required to define the future transportation net-
works under TSM, minor or major al.ternatives. 

There are strong arguments for using a maintenance 
policy as the no- action alternative--although, in 
theory, any alternative can serve as a benchmark. 
Economists, for example, suggest that a true "null" or 
zero investment option would be the best benchmark 
since even maintenance expendir.uce.g for existing 
facilities and services represent a commitment of time 
and money which should he scrutinized. Among the 
practical reasons for selecting a maintenance policy 
as the benchmark are: 

Future service and operational characteristics can 
be predicted accurately; thus, traffic forecasting 
is based on detailed knowledge of the actual 
facilities and services. 

The cost of maintenance--in money, time and re- 
sources--can be predicted with some accuracy based 
on historic lifecycle data. 

Continued maintenance is the most probable course 
of action in the case of delay, restudy or rejec-
tion of a major alternative. Maintenance is stan-
dard operating procedure and normally requires 
neither an administrative action nor administra- 
tive participation or concurrence by other agen-
cies. 

Continued maintenance is implied by the need--in 
most cases--to protect previous investments and 
preserve a minimum level of service and safety. 
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Use of a maintenance policy,  as a benchmark mini-
mizes the number of transportation changes that 
must be accounted for when predicting future con-
ditions. Since it is the one alternative that al-
lows direct extrapolation from existing trends, 
the prediction of future conditions is generally 
more reliable and valid than with benchmarks of 
zero investment, abandonment or major investment. 

Analysis of a no-action alternative which, assumes 
a maintenance policy provides a basis for deter-
mining the need for a proposed project. This 
analysis is required of all Environmental Impact 
Statements regardless of the number and type of 
alternatives proposed. 

MINOR ALTERNATIVES 

Minor alternatives normally involve modest investments 
which can be undertaken to respond--at least parti-
ally--to transportation needs. Minor alternatives do 
not serve a benchmark function; they insure that a 
wide range of realistic alternatives are considered by 
decision-makers. This is important because of the 
tendency of many transportation agencies to overlook 
small-scale options in favor of major construction 
projects. As a result, agencies often are left with-
out "fall back" alternatives that can be implemented 
if proposed major alternatives prove' infeasible or un-
desirable. The range of minor alternatives, as indi-
cated in Table 1, is substantial. Often these options 
are synonymous with a "non-major action," as defined 
in federal guidelines, but sometimes the distinction 
between a major and minor designation must be a matter 
of judgment. 

Minor alternatives may be considered individually or 
in combination, depending on: identified transporta-
tion needs; the density and degree of development of 
the transportation network; and the regional signifi-
cance of the proposed project, in terms of transporta-
tion services and land use and environmental impacts. 

In large projects, minor alternatives may involve a 
wide range of activities with complex user costs and 
benefits as well as significant impacts. Due to the 
small scale of most minor alternatives, they may re-
quire analysis at a finer level of detail than is nor-
mally done for major alternatives. For example, a 
minor alternative may consist of a number of traffic 
operations' improvements within an existing corridor, 
improvements not ordinarily identified in a location 
study. These improvements should be specified in the 
minor alternative and their cumulative effects should 
be assessed. 
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Table 1: POLICY GENERAL DESCRIPTION EXAMPLES 
Components for Minor 
Alternatives > Operational Highway capacity Preferential lanes, 

a. Modifications management traffic controls, 
channelization, 

S  ramp metering 

Transit operations Route and schedule 
• improvements changes, modal 

integration 

En Construction Small scale Upgrade of existing 
projects - 	facilities 	(e.g., 

o selective land 
additions and 

a. intersection upgrade) 

Peak Period Change in activity Staggered work hours, 
Travel scheduling shorter work week 
Reduction 

0 Reduction in Land use/development Coordinated residential 
Trip Making policies development policy and 

industrial/commercial 
location policy 

Pricing Incentives/ Parking pricing, 
disincentives road pricing, 

transit pricing 
H 

Vehicle Restrictions! Ride-sharing, auto 
Controls incentives restricted zones 

These Guidelines recommend that minor alternatives, 
including TSM actions, be developed early in the plan-
ning process and assessed along with major alterna-
tives. This has several benefits: 

Consideration of minor alternatives responds to 
the spirit and the letter of the National Environ-
mental Policy Act, which encourages the investiga-
tion of alternatives that minimize impact. 

Joint FHWA,4JMTA planning regulations require the 
annual development or update of TSM plans regard-
less of other planning activities,. 

Minor alternatives provide an agency with a "fall-
back" position . if the major alternatives prove to 
be infeasible. 

In the face of fiscal or budgetary constraints, 
minor alternatives offer the agency a means of 
allocating scarce resources among competing needs 
by identifying opportunities to incrementally up-
grade facilities or services. 
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Analysis of the costs and benefits of minor alter-
natives can be used to provide an indication of 
the relative worth of major alternatives. 

MAJOR ALTERNATIVES 

In these Guidelines, a major alternative is synonomous 
with the federal definition of "major action." (See 
Council on Environmental. Quality, National Environmen-
tal Policy Act - Implementation of Procedural Provi-
sions 40 CFR 1508, especially 1508.14, 15-8.17, 
1508.24 and 1508.25) Major alternatives are usually 
characterized by high levels of investment.and signi-
ficant impact, whether actual or perceived. Projects 
which overlap a number of governmental or service jur-
isdictions also may qualify as major alternatives if 
they entail significant political, administrative or 
policy changes. 	Actions, which involve substantial 
displacement of' residences or businesses or any large 
property taking are, categorically, major alterna-
tives. Property takings which involve open space or 
recreational areas, historic or other cultural dis-
tricts, and vital natural resources, are usually major 
actions as well. 
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r11,1 (]4 Application 'of the No Action 
Of 

Alternative to Transportation 
Planning• 

The transportation planning process is a sequence of 
The Planning 	technical activities. (analysis, design, evaluation) 

and administrative actions which result in transporta- 

Process . 	 tion investment decisions. The process is commonly 
described by a series of steps: 

analysis of transportation needs 

statement of goals and objectives 

development and design of alternatives 

analysis of impacts 

evaluation of alternatives 

decision-making 

In practice, however, this sequenOe tends .to be highly 
cyclical and. repetitive, with distinct phases empha-
sizing different aspects of the process. Figure 2 
shows, in a very simplified form, the main phases of 
the transportation planning process. 

In strategic planning, the emphasis is on setting 
goals and objectives and outlining the broad strate-
gies to accomplish them. The focus typically is 
statewide and the product is a set of written policies 
and charters guiding the transportation agency. 

In system planning, the emphasis is on translating the 
strategic policies into a balanced and coordinated 
plan for transportation facilities and services. The 
focus typically is statewide or regional and the pro-
duct is a state or regional transportation plan shar-
ing the functional systems by mode. 

In program planning, the emphasis is on translating 
systems plans into a specific list of transportation 
services and facilities. The focus may be statewide, 
regional or areawide. The product is a muitiyear im-
provement program which outlines policy for intermedi- 
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Figure 2: 
Major Phases in the 
Transportation Planning 
Process 

ate and long range investment and identifies priority 
projects by location, type and probable funding re-
quirements. 

STRATEGIC PLANNING 

SYSTEMS PLANNING 

PROGRAM PLANNING 

IMPLEMENTATION 

In project planning, the emphasis is on the develop-
ment and evaluation of alternative solutions to the 
specific problems identified in the multi-year pro-
gram. The project location (FHWA) or alternatives 
analysis (UMTA) sub-phase involves an investigation of 
a wide range of alternatives to determine their feasi-
bility in terms of location, mode, design, engineering 
requirements, impacts, public acceptance and cost. 
The focus is typically on areawidé or corridor issues, 
and the product is a planning report/environmental 
document evaluating the alternatives and recommending 
a solution. The second subphase, project design 
(FHWA) or preliminary engineering (UMTA), involves the 
detailed planning needed to implement the recommenda-
tion. The focus is typically on design and engineer-
ing issues, and the product is a set of construction 
or operation documents and detailed cost estimates. 

- 

These guidelines primari].y concern themselves with the 
last two phases--program and project planning. 

Consideration of social, economic and environmental 
impacts has been incorporated into this process since 
the enactment of the National Environmental Policy Act 
and the Federal Highway Act of 1970. This legislation 
called for a comprehensive and interdisciplinary plan-
ning process that would expand the focus of impact as-
sessment and evaluation to include a wide range of di-
rect and indirect• social, economic and environmental 
impacts. The intent was to insure that transportation 
projects responded not only to transportation goals, 
but also to wider community concerns. 

The policy objectives for impact assessment in highway 
planning were spelled out in FHWA's Process Guidelines 
and incorporated in state Action Plans. The transpor-
tation planning process wasto be redesigned to insure 
that: 

social, economic and environmental effects 
would be identified and studied early enough 
to permit analysis while alternatives are be-
ing formulated and evaluated, 

other agencies and the public would be in-
volved in systems planning and project devel-
opment early enough to influence technical 
studies and final decision, and 

appropriate consideration would be given to 
reasonable alternatives, including the alter-
natives of not building the project and alter- 
native modes. 	 / 

PROJECT PLANNING 

FHWA 	UMTA 

Project Alternatives 
Location Analysis 

Project Preliminary 
Design Engineering 
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Although the Action Plans implementing these policies 
have been in effect from four to six years, agencies 
have been only partially successful at integrating 
social, economic and environmental impact assessment 
into the transportation planning process. They have 
met the objectives of establishing community partici-
pation and interagency review procedures, and of 
developing and managing interdisciplinary staffs for 
impact analysis, but they have had difficulty in as-
sessing social and economic impacts, developing alter-
natives for early consideration, and integrating the 
assessment findings into the decision-making process. 

At the root of the problem is the fact that social, 
economic and many environmental impacts are not well 
understood, making it difficult to analyze existing 
needs and to assess the significance of future im-
pacts. Further, there are a plethora of assessment 
techniques, many of which are poorly understood and 
confusing. As a consequence, much of social, economic 
and environmental impact assessment has been judgmen-
tal and uncertain. 

To compensate for the lack of reliable and valid tech-
niques and to minimize the political risks involved, 
many agencies have tended to defer systematic impact 
assessment until late in the project location phase, 
after detailed information has been developed. This 
has meant that alternatives have been formulated and 
deveLoped primarily in response to transportation and 
engineering needs and criteria. In the worst cases, 
the result has been a narrow range of alternatives 
that has not adequately reflected social, economic and 
environmental needs and goals, and, consequently, has 
been rejected by the community. This is the same 
problem that the Action Plans were intended to resolve. 

A partial solution lies in recognizing that by compar-
ing social, economic and environmental impacts across 
alternatives, a relative evaluation of significance 
often can be made even though the impacts themselves 
cannot be precisely measured. The success of this 
technique depends upon three things: 

Alternatives must be clearly defined and rigorous-
ly compared. The value of a no-action alternative 
is that it provides an easily defined and reliable 
"benchmark" for comparison. 

The comparison of alternatives must be done at the 
key decision points in the planning process--those 
points where projects are advanced, delayed or 
dropped. 

The level of information on needs, goals, alterna-
tives design and impacts must be appropriate to 
the decision being made. 
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I 
Implementation 

Figure 3: 
Project Planning Phase 

These are changes in planning procedure that can be 
implemented by state transportation. agencies, at their 
discretion, without new or sophisticated impact as-
sessment techniques. To ensure that this procedure is 
applied early enough for social, economic and environ-
mental considerations to influence the development of 
alternatives, it is recommended that the project loca-
tion phase be divided into two stages: 1) preliminary 
development of alternatives and impact screening, and 
2) comprehensive development of alternatives and im-
pact assessment. This is illustrated in Figure 3. 

In the preliminary stage, the emphasis should be on 
the review of transportation needs and goals, the con-
ceptual definition and. sketch development of alterna-
tives, an assessment of economic feasibility through 
user cost/benefit analysis, and a screening of alter-
natives to identify potential impacts. The focus 
should be on areawide or corridor-level issues and on 
alternatives that respond to these issues. The pro-
duct should be a statement. of the alternatives to be 
considered and the issues to be analyzed; this should 
incorporate a clear definition of the scope of work, 
level of effort and priority for more detailed study. 
Consensus on population, employment, land use and 
transportation trends should be established at this 
time. The overview and direction provided by this 
stage is especially, important for. agencies that do not 
have a strong systems planning capability and for 
large complicated projects that will require several 
years of planning effort. This process of "scoping" 
is now a formal requirement under the CEQ guidelines. 
(40 CFR 1501.7) 

In the comprehensive phase, the alternatives should be 
developed and assessed to the degree necessary to de-
termine their feasibility in terms of location, mode, 
design, engineering requirements, impacts, public ac-
ceptance and cost. The product should be a planning 
report/environmental document fully evaluating the al-
ternatives and recommending a solution. 

These recommendations reflect changes in agency prac-
tice that have been evolving over the last several 
years. The emphasis on early development and compar-
ison of alternatives responds to the need to integrate 
social, economic and environmental considerations into 
the planning process, but it also responds to the need 
to look at wider ranges of alternatives and to find 
cost-effective solutions to transportation needs. 

The key decision points in this process are shown in 
Figure 4. Each decision point requires a comparison 
of alternatives, but the decisions to be made, the 
criteria to be used and type of assessment data neces-
sary vary. Table 2 summarizes this information and 
describes the role of the no-action alternative. 
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Figure 4: 
Major Decision Points in 
the Transportation 
Planning Process 

Implementation 
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Table 2: 
Benchmark Function of 
the No Action Alternative 
by Phase in the 
Transportation Planning 
Process 

I 

PHASE 	 DISION 	 EVALUATION 	 COMPARISONS 
REQUIRED 	 CEVrERIA 	 TO BE MADE 

Program 	 Projects to be 	Transportation needs 	Among projects 
Planning 	 included in 

Multi-year 	 Statewide and-regional Among programs 
Program; 	 impacts 

z 	 Priorities 	 Statewide and regional 
development goals  

ROLE OF THE NO 
ACTION ALTERNATIVE 

Use analysis of no 
action alternative for 
individual links or a 
network to identify 
and document needs 
based on projected 
transportation and 
land use/activity 
changes 

Preliminary 	Projects to be 	Transportation needs 
Development of 	advanced to Annual 
Alternatives and. Program/Budget for 	Engineering and 
Impact Screening 	further development financial feasibility 

and study 
Probable impact 

Priority 

Level of Action  

Among alternatives to Use no action 
establish feasibility alternative as 
and relative impact 	benchmark to estimate 

relative impact 
Among projects to 
establish funding and Use analysis of no 
study priorities 	action alternative to 

pinpoint needs as 
input to design of TSM 
and other alternatives 

El 

Comprehensive 	Alternative to be 	Costs/benefits 	 Among alternatives to Use no action 
Development of 	implemented 	 select preferred 	alternative as 
Alternatives and 	 Impacts 	 alternative 	 benchmark to evaluate 
Impact Assessment 	 relative impacts 

Public acceptance 
Use to document need 
for projects, EIS, etc. 
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IDr1' 	. 	 Comparison among alternatives is meaningless unless 
1U1.0 	 their probable consequences can be predicted and de- 

scribed. Impact assessment--the process of identify- 
ASsesSment 	ing, forecasting and measuring the changes that may 

result from difficult alternatives--must be done for 
all alternatives including the no action alternative. 
The .basic stages in the impact assessment process are 
diagrammed in Figure 5; each stage is discussed in 
greater detail on the pages that follow. 

The literature on impact assessment is extensive, but 
for the most part it does not offer a comprehensive or 
systematic methodology nor deal adequately with the 
assessment of the no-action alternative. There is 
little gui'3ance on how to choose among techniques and 
how to organize them into an assessment process. The 
result is a maze of technical and procedural infôrma-
tion that must be negotiated by transportation plan-
ners trying to complete environmental assessments. 

Little guidance is available to select techniques ap-
propriate to respond to the needs of projects of vary-
ing scale, context or complexity. 

The objective in the section that follows is to pro-
vide a model of the impact assessment process that 
will make it more understandable, more accessible and, 

Figure 5: 
Impact Assessment 	 ESTABLISH FRAMEWORK FOR IMPACT ASSESSMENT 

Process 	 Define alternatives 
Determine assessment time frames 
Determine scope of assessment--impacts, study 
areas 

- 	 . 	 Determine sequence of analysis--work plan 

ESTABLISH FUTURE CONDITIONS 
Forecast population 
Forecast employment 
Forecast land use/activity patterns 
Forecast transportatiof factors 

ASSESS IMPACTS 
Analyze social, economic and environmental 
impacts by alternative 
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ultimately, more flexible. It is designed to illus-
trate one workable approach to impact assessment. 
However, each project is unique and will require adap-
tations to the suggested procedures. The Guidelines 
are not intended to substitute for either more de-
tailed technical literature on specific impacts and 
techniques, or intelligent judgment on the part of the 
user. 
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ESTABLISH FRAMORK FOR IMPACT ASSESSMENT 

Define Aiternaives. The starting point for impact 
assessment is a\ clear explication of the alternatives 
to be assessed. It is recommended that three basic 
types of alterná'ives be carried through the assess-
ment process wher\e major actions are under considera- 
tion. 	(See Tab.1.e \3.) 

The no-action aiernative provides a benchmark for 
comparison among alternatives and also provides a com-
mon denominator fo1 making comparisons among projects. 
(See Chapter One 	Major and minor alternatives in- 
volve different lev''ls of investment and impact. The 
number of major and\minor alternatives will vary with 
the size and compleity of projects, but at least one 
minor alternative should usually be considered when 
major actions are assessed. 

Determine Assessment Time Frames. Each alternative 
should be assessed for impact at two future times: at 
three to seven years to analyze construction impacts 
and first-year operating conditions, and at 15 to 20 
years to analyze indirect impacts and design year op-
erating conditions. The short-range time frame is 
based .on the fact that most transportation construc-
tion projects take that long to move from project lo-
cation (alternatives analyses) to construction. The 
long-range time frame is carried over from economic 

Table 3: 	 No Action Alternative investment limited to 
Alternatives 	 continued maintenance of 

existing transportation 
facilities, services and 
policies 

Minor Alternative(s) 	options for low to moderate 
investment in facilities, 
services or policies; typi-
cally, limited construction on 
existing facilities, manage-
ment and operational improve-
ments (TSM), and limited 
regulatory or pricing programs 

Major Alternative(s) 	construction, purchases or 
major policy changes involving 
high investments of capital, 
resources or labor 
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cost/benefit analysis which by convention has used a 
20 year time frame in calculating return on capital 
investments. 

It is important to recognize that an analysis of al-
ternatives at these two times will result in a cross-
sectional comparison of impacts rather than a longitu-
dinal analysis. It will allow comparison among alter-
natives at two specific points in time, but it will 
not allow comparison of the cumulative impacts of dif-
ferent alternatives over time. Analysis and compari-
son of cumulative impacts over time can be done for 
some economic impacts using present-value calcula-
tions, but the techniques are not widely applicable to 
social and environmental impact assessment. Because 
of this, planners and engineers should exercise judg-
ment in selecting time frames for their particular 
projects; if the above time frames will not adequately 
portray significant impact changes over time, differ-
ent or additional ones should be used. Alternatively, 
significant changes in a particular impact category 
(or categories) can be traced out year-by-year to sup-
plement short- and long-range assessments. Regardless 
of the approach taken, comparability must be main-
tained by assessing all alternatives--major, minor and 
no action--at each of the selected time frames. 

Short-range assessment generally will be more accurate 
than long-range assessment, since exiting conditions 
and trends can often be used to approximate future 
conditions and travel demand. Long-range assessment 
is more problematical. Over a 15- to 20-year period, 
demographic, economic and land use changes become im-
portant determinants of future transportation condi-
tions, but their complex interrelationships with the 
transportation system makes simple extrapolation of 
current trends less accurate. 

Long-range assessment of minor alternatives is compli-
cated because such improvements are usually, by def in-
ition, short-term in nature. Although many incremen-
tal changes over time may have a cumulative effect, 
given the present state of the art, analytical techni-
ques seldom yield meaningful long-range forecasts for 
minor alternatives. Table 4 summarizes the differ-
ences between short- and long-range impact assessment. 

Determine the Scope of Assessment--Impacts and Study 
Areas. A transportation project may induce changes in 
regional, corridor or local conditions. Impacts may 
occur at only one level or at all three, and their 
number may vary greatly from project to project and 
among alternatives. Experience has shown, however, 
that certain impacts are repeatedly of concern in the 
evaluation of transportation projects. Table 5 lists 
these social, economic and environmental impacts and 
indicates the scale at which they are usually assessed. 
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Table 4: PRESENT FUTURE 

Impact Assessment Time 
Frames Short Range Long Range 

TIME PERIOD Now 3 to 7 years 15 to 20 years 

ALTERNATIVES Existing No action No action 
TO BE COMPARED transportation (maintenance) (maintenance) 

system 	- alternative alternative 

Minor Minor 
alternative(s) alternative(s) 

Major Major 
- alternative(s) alternative(s) 

Table 5: SCALE OF ANALYSIS 

Impact Categories and Regional 	Corridor Local! 

Scale of Analysis :IMPACT CATEGORIES Individual 

• Community Cohesion 

Accessibility of 

- 
Facilities/Services 

- 'Displacement of People 

Employment, IncOme 0 
and Business Activity - 
Residential Activity. 0 

Fiscal Effects 0 

- Regional and Community 0 
o Plans and Growth 

Resources and Energy 

Environmental Design, 
U) 
E4 Aesthetics and 

Historic Values 

Terrestrial Ecosystems 0 - 
• Aquatic Ecosystems 

, Air. Quality 

• Noise 

• S 

• S 

• S 

• S 

• S 

• S 

• S. 

S .  

S S 

• S 

• • 

•• S. 

• • 

• 	 S Analysis usually required 
0 Analysis sometimes required 
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Since most local-scale or proximity impacts are felt 
within 1/4 miLe of the transportation project, the 
primary study area should be defined accordingly. If 
the alternatives are at 'widely separated locations, 
several primary study areas must be defined. 

A corridor-scale study area should be defined, prefer-
ably in the systems planning phase, to identify adja-
cent communities and economic market areas that may 
feel indirect impacts. Since most of these impacts 
are related to changes in travel, demand or accessibil-
ity, the appropriate corridor usually can be defined 
by identifying areas that will, experience a percep-
tible change in these variables. Corridor study areas 
typically extend from one to several miles on either 
side of a highway or transit line. 

Large-scale projects will require the analysis of re-
gional impacts such as effects on employment, energy 
and air quality. Study areas, for these are usually 
defined on an impact- by- impact basis--for exaiuplé, the 
SMSA or county for economic impacts, and the ineteoro-
logical "airshed" for air quality impacts. 

Determine Sequence of Analysis--Work Plan. Work plans 
to determine the sequence of analysis tasks are of 
critical importance to successful impact assessment. 
Impact assessment has grown from one or two analysis 
tasks concerned with air quality and noise into a 
major effort that requires considerable time and 
covers a complete range of transportation, social, 
economic and environmental impacts. However, very few 
projects are large enough tojustify a full assessment 
of all possible impact consequences, and few state 
transportation agencies have the personnel or budgets 
to undertake such assessments. Project managers must, 
therefore, be resourceful in selecting analysis tech-
niques and scheduling work tasks to ensure that the 
assessment will be appropriate to the project issues. 

Four factors should be considered in developing a work 
plan: 

Which impacts'are likely to be significant for the 
type of project and location? Are there critical 
legal or technical regulations that cannot be ex-
ceeded, such as air quality standards? 

How much time is required for data collection, 
analysis and documentation? Many tasks require 
extensive data for calibration, such as air qual-
ity and noise assessment, while others, such as 
ecological field surveys, can only be done effec-

'tively at certain seasons of the year. 

What is the availability of data? A number of 
tasks are dependent successful completion of earl- 
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ier assessment tasks. For example, the calcula-
tion of property tax impacts must he preceded by 
an analysis of residential and business displace-
ment and an evaluation of induced development, 
which must, in turn, he preceded by an analysis of 
right-of-way and accessibility changes. Other 
techniques depend heavily upon secondary source 
data (e.g., Census block statistics) which may not 
be available in some locations. 

4. What is the availability of staff, time and noney? 
Are trained staff available or will consultants be 
required? 

While there is no one sequence of assessment tasks 
that will meet the needs of every project, some gen-
eral guidance is offered in Table 6. The early as-
sessment tasks are those which require time for data 
collection and analysis or which are required as in-
puts to other assessment tasks. 

Table 6: SYSTEMS 	
PROJECT LOCATION! 

Sequence for PLANNING 	
ALTERNATIVES ANALYSIS PHASE 

Impact Analysis IMPACT CATEGORIES PHASE Early 	Middle Late 

I Community Cohesion 0 S 
II 
II 

I Accessibility of 5 S 	0 
I

Facilities/Services 

I I 
Displacement of People S 	0 0 

Employment, Income 5 5 0 
and Business Activity 

Residential Activity 5 0 	5 
z ' Fiscal Effects 0 5 
0 

1 

Z 
o Regional and Community 5 5 	5 0 z 
o Plans and Growth 

Resources and Energy 5 5 	0 

Environmental Design, 5 	0 5 
E. Aesthetics and 

Historic Values 0. z 
• Terrestriai Ecosystems 5 5 	5 

Aquatic Ecosystems 5 	5 

Air Quality 5 5 	0 0 
Noise 0 	5 0. 

• Major analysis effort 
0 Secondary effort; preparation 

& followup work 
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ESTABLISH FU'IURE CONDITIONS 

ESTABLISH •  
FUTURE CONDITIONS 

Forecast Population, Enployment & Land Use. A base of 
information and assumptions about future population, 
employment and land use in the, regional and corridor 
study areas must be established before detailed impact 
assessment can be done. Table 7 indicates the types 
of data needed to assess each of the 13 categories of 
social, economic and environmental impact. 

Future conditions for each alternative at an aggregate 
level of detail should be described, through a two-
step process. First, forecasts of population and em-
ployment are made at a regional or areawide scale. 
This usually is assembled by systems planning staff 
from Census data and forecasts by state, regional or 
metropolitan planning agencies. 	At this scale, such a 
forecast is largely independent of any specific trans-
portation. project except where a project opens up an 
undeveloped region. 

Table 7: 
Socio-Economic Base Data: 
Use by Impact Category 

Socio-Econosjc Factors 

IACT CAORIES 

I " I Accessibility 

Community Cohesion 

of 
Facilities/Services 

Displacement of 
People 

• 
• 
• 

• 
• 
• 

I 

Employment, Income • • • I • 
and Business Activity ,  

Residential Activity • • 
Fiscal Effects S S • 5 
Regional and Community • 5 S 5 • o Plans and Growth 

Resources and Energy 5 5 • S 

a Environmental Design, 5 5 5 
Aesthetics and 
Historic Values 

Terrestrial Ecosystems 5 5 
Aquatic Ecosystems 5 5 
Air Quality 5 
Noise 5' 5 

- 
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Figure 6: 
Land Use Forecasting 
Process 

(I\ 
Inventory 	Inventory 
Existing 	Existing 
Demographic Land Use, 
and 	 TranspOrta- 
Economic 	tion System, 
Activity 	etc. 

I) 

Forecast 
ForecastIFuture 
Future 	1 Land 
Demographic Availability 
and Economic Transporta- 
Activity 	tionSystem, 

etc. j4 

Forecast Future Land Use 
and Activity Patterns 

The second step is to determine the distribution of 
this population and employment in terms of land use 
and travel patterns. Land use and the transportation 
system are closely related. The transportation infra-
structure is the key to area accessibility and level 
of service and as such is a major determinant of land 
use patterns. Conversely, land use patterns and 
trends create the demand for transportation, thereby 
affecting the type and level of service developed. 
Transportation forecasting attempts to show how the 
distribution of population and employment will affect 
travel demand and service, and likewise how a specific 
project or system will influence the distribution of 
population and employment. The conventional se-
quence--much simplified--by which land use and trans-
portation forecasts are derived is illustrated in 
Figure 6. 

First, forecasts of population and employment are 
made, while assumptions are developed regarding the 
amount of land that will be available in the future, 
development policies, market trends and future trans-
portation systems. The proposed population and em-
ployment growth is then allocated to specific geo-
graphic areas based on these assumptions in order to 
derive future land use and travel demand.* 

While project planning staff are not generally ex- 
4' 	 pected to develop population, employment and land use 

Forecast Travel Demand 	
forecasts, they should be prepared to evaluate those 
of other agencies and systems planning staffs to as-
sure--at a minimum--that the underlying assumptions 
are consistent with current plans and policies. There 

Forecast Traffic 	 are, typically, three types of problems encountered: 
(1) the projections are incorrect or incomplete; (2 
the projections are not specific or detailed enough 
for impact assessment; (3) the forecasts assumed a 
transportation network which is not consistent with 
current plans or which biases the analysis in favor of 
one alternative. 

The third case is the most common. 	If the project was 
proposed some time ago and could be expected to induce 
significant 	land 	use 	shifts 	or 	activity changes, 	its 
effects already may have been accounted for in current 
projections. 	In 	that 	case, 	the 	projected 	land. use 
patterns 	will 	describe 	future 	conditions 	under 	the 
major alternative but not under the no-action alterna- 
tive. 	If, on the other hand, 	the transportation pro- 
ject is a new proposal, the opposite will be the case: 
projections will describe future land use and activity 

*Techniques for travel patterns 	for 	the 	no-action 	alternative, 	but 	not 	for 
demand and traffic the major alternative. 
forecasting are listed 
in Table 11 at the end In either event, 	the missing piece must be generated. 
of this section. The planner has two options: 	to forecast land use and 
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Community Cohesion Residential Land Use DC 
Population Sc 

At 

Accessibtlity of Same as "Community Cohesion plus 
Facilities and Institutional and Lc 
Services Recreational Land Use SE 

Commercial Land Use Lc 
U: 

Displacement of Residential Land Use 0: 
People Nc 

Employment, Income Commercial and Lc 
and Business Activity Industrial Land Use Si 

Employment 
Population P; 

Effects on Property All Land Uses Ti 
Taxes L< 

F: 

Community Plans and All Land Uses D; 
Growth PC 

Residential Activity Same as "Displacement of People" 

Resources -NA- 

Environmental Design, Park, Recreational Pt 

Aesthetics, and U; 
Historic Values Historic Areas Si 

All Land Uses Vi 

Terrestrial 	 All Land Uses 	 O 
Ecosystems 	 Li 

Ec 
Other 	 C: 

Aquatic 	 . All land Uses 	 WE 

Ecosystems 	 Or; 
St 

Sc 
Other 	 C] 

Air Quality 	 Residential Land Use 	 Df 
Instit. and Eec. Land Use 	IA 

Industrial Land Use 	 19 
Other 

Noise 	 Same as Air 

Table 8: 
Socio-Economic Factors: 
Typical Data 
Requirements and Sources 

Key: Data to be obtained from - 

Published or unpublished information on prior 
or existing conditions; if no other forecasts 
are available, use for trend extrapolation. 

published or unpublished forecasts of future 
conditions; usua).ly based on empirical data 
and employing analytical or statistical 
projection techniques. 

A Judgemental forecasts of future conditions; 
usually based on expert or knowledgeable 
opinion collected by survey or interview. 

DATA REQUIREMENTS 

IMPACT CATEGORY 	 GENERAL 
	

SPECIFIC  

DATA SOURCES 
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activity patterns with a modified transportation sys 
tern or to judiciously adjust the available forecasts 
up or down. For very large projects where different 
alternatives may have markedly different distribu-
tional impacts, the first approach is recomrnendd; for 
small projects where the induced land use change is 
more marginal, the second approach may be acceptable. 

Table 8 presents supplementary information on require-
ments and sources for forecasting population, employ-
ment and land use. With many of these estimation 
techniques involving trend extrapolation or similar 
analytical techniques (e.g., ratio step-down of re-
gional-scale data, regression analysis, etc.), accur-
acy depends heavily on the quality of the data and the 
experience of the forecaster. 

Forecast Travel Demand. The user-related impacts of 
transportation improvements, such as travel time sav-
ings or safety, are not the focus of these Guidelines. 
However, the physical. and operational characteristics 
of transportation facilities and systems are direct or 
indirect causes of the social., economic and environ-
mental impacts, and their assessment can only be as 
accurate as the forecasts of travel demand and.. other 
transportation factors. These include: 

Characteristics causing direct impacts on people 
and places adjacent to the facility: 

- Physical design--characteristics and types of 
construction 

- Maintenance/operations--policies affecting up- - 
keep or use 

- 	Traffic--facility use 

Characteristics causing indirect impacts through 
changes in the relative costs of travel; 

- Travel demand--probable changes in trip-making 
behavior due to changes in relative costs and 
levels of service 

- Accessibility--aggregate effect of mobility, 
comparative costs and times for travel to and 
from specific origins and destinations 

Table 9 indicates how these basic characteristics are 
related to social, economic and environmental impacts. 
The amount of information and level of detail needed 
concerning transportation characteristics will vary,  
from impact to impact. For example, the assessment of 
displacement impacts requires no traffic forecasts at 
all, only a projection of physical facility character- 
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Table 9: 	 Socio-Economic Factors 

Transportation Variables: 
Use by Impact Category 

IMPACT CATEGORIES 

14 $ 

34 

- 
'-' 

Community Cohesion 

Accessibility of 
Facilities/Services 

Displacement of 
People 

S S 

Employment, Income 
and Business Activity E.  

Residential Activity 

Fiscal Effects 

Regional and Community • • • 
Plans and Growth 

Resources and Energy • • S 

tn Environmental Design, • 
u Aesthetics and 
s Historic Values 

Terrestrial Ecosystems • • I 

Aquatic Ecosystems • • • 
Air Quality 5 

Noise 

istics. Community cohesion, however, is affected by 
both physical facility characteristics and traffic. 
Changes in retail sales, on the other hand, are pri-
marily affected by changes • in accessibility character-
istics that influence trade or market areas. 

Each facility or system characteristic can be de-
scribed by the key descriptors as shown in Table 10. 
Physical and operational characteristics can be deter-
mined by inspection or are policy-derived; but traffic 
flow, travel demand and accessibility data must be de-
termined analytically through travel forecasting, a 
well-developed field with a variety of methodological 
options. There is substantial literature describing 
the theory and submodels, data, software and statisti-
cal techniques and the typical output data. 

Conventional techniques fall into three general 
classes: 	* 

Simple travel forecastina and basic traffic evalu-
ation techniques rely on trend extrapolation or 



Table 10: 	 1 
TRANSPORTATION 

Transportation Impact CHARACTERISTICS DESCRIPTIVE DATA 

Data 
Physical Facility - Centerline location (horizontal alignment) 

Width of facility (number and width of lanes, 
median, and shoulders) 

Vertical profile (compared with surrounding 
area) 

Right-of-way change 

Location and configuration of ramps, inter- 
• change, special lanes 

• Number of tracks, size and location of stations 

Operations/ Speed limits 
Maintenance 

Vehicle type limit 

Signalization, signing, or other traffic 
control devices or restrictions 

Snow and ice control policy 	(salting, sanding, 
plowing) 

Frequency of service 

Traffic Flow Volumes by link and time of day 

Vehicle mix (mode) 

Average speed/delay (level of service) 

Turning movements 

Queue lengths and related flow characteristics 

Acceleration/deceleration patterns 

• Station access volumes 

Travel Demand Trip productions or attractions by area unit/ 
land use/time/purpose 

Origin-destination patterns (trip interchange) 

Trip frequency and temporal travel patterns 

Relationship between person trips and vehicle 
trips 

Mode use by purpose/time/origin and destination 
• (including vehicle occupancy) 

• Screenline counts 

Induced or reduced travel 

Accessibility Travel times/costs between selected origins 
and destinations by mode/time of day (usually 
oriented to particular facilities or services 
of interest) 

Isochromes of travel times/costs with respect 
to target production or attractions 

Travel time/travel cost summaries (aggregate 
or with respect to a particular location) 

interpolation between 	base 	year 	data 	and 	future 
forecasts. 	Many are 	useful 	in 	impact 	estimation 
for the "minor" or TSM-type alternatives. 	In the 

• transit field simple formulae are available to es- 
timate 	fleet size, 	vehicle-miles, 	costs 	and 	fare 
revenue. 
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"Sketch planning" usually consists of sets of 
techniques, often in the form of "packaged" com-
puter models or manual procedures, designed for 
quick, low-cost operation. They utilize large 
areal units, coarse networks, and a minimum of in-
put and output data. They are appropriate for 
early estimates for relatively large projects. 
Many of these techniques are just out of the ex-
perimentation stage. 

Conventional sequential modeling involves stan-
dard, federally supported techniques. They are 
"packaged" computerized models oriented towards 
detailed, long-range planning. They use a large 
number of zones and require detailed data on net-
works, land use, socio-economic conditions, etc., 
for calibration and operation. Conventional pack-
ages such as PLANPAC an UTPS are widely used and 
readily available. 

These techniques, while widely employed, have short-
comings in analyzing the no-action alternative. The 
major requirements not easily met by conventional 
techniques include: 

Impact incidence. User information is needed at 
the neighborhood or corridor scale and must be 
disaggregated by income and other socio-econoniic 
and location classification. 

Time frame. There is an increasing concern with 
staging; short-, middle- and long-range data are 
needed. 

Land use feedbacks. Understanding the accessibil-
ity implications of not maintaining the current 
level of service is becoming increasingly signifi-
cant as the cost of transportation services escal-
ates. 

Policy and behavioral sensitivity. Model struc-
tures are needed which can respond to changes in 
specific service variables, such as pricing or 
service quality, and which can, with a moderate 
effort, produce sensitivity analyses to these 
options. 

Saturation sensitivity. Increasing congestion is 
bringing a new range of variables within which 
forecasting must operate. Models must be devel-
oped to simulate congested networks, and, in par-
ticular, make peak-hour forecasts. 

Various innovative travel forecasting techniques based 
on more disaggregate and behavioral model structures 
are now being developed to cope with some of these 
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Table 11: 
Transportation Variables: 
Proj ection Techniques 

N 

Travel Demand 
0 	Tripmaking 

Patterns 

0 Mode Use 

Accessibility 

PRELIMINARY 

Typical cross-section and ROW 
requirements, by facility 
type. 

Make policy assumptions 
based on existing practice. 

Existing traffic counts 
extrapolated on basis of 
trends and regional fore-
casts, with capacity anal-
ysis. 

Factor O-D data, base year 
trip tables, or base year 
selected link analysis. 
Estimate trip generation 
by zone and land use. 

Factor existing counts. 

Estimates based on speed/ 
distance assumptions or 
summaries from regional 
assignments. 

Typical cross-section and 
ROW requirements, by facil-
ity type. 

Make policy assumptions 
based on likely future 
trend. 

Factor existing traffic on 
screenline basis or use 
sketch planning technique 
at district/sector level 
(TRIMS, CADM, etc.) with 
screenline capacity analy-
sis. 

Use sketch planning tech-
niques such as Pivot point, 
TRIMS, CAPM, etc., or fac-
tor regional future trip 
tables or selected link data. 

Pivot point analysis or use 
of key zones sampling or use 
of sketch planning techni-
ques as above. 

Summarize from traffic 
assignment at district/sec-
tor level or estimate. 

Factor O-D or base year data 
or use validated mode. Esti-
mate trip generation by zone 
and land use. 

Survey and analyze key zones 
and modify.for trend or 
abstract from UTPS. 

Summaries based on assign-
ment data. 

Sketch plans and profiles, 
based on preliminary en-
gineering. 

Make policy assumptions 
based on likely future 
trend. 

Subarea traffic assignment 
(UTPS, PLMPAC) region ag-
gregated, with manual edit-
ing and capacity analysis. 

Trip generation/distribu-
tion on small zone basis 
using gravity or interven-
ing opportunity models 
(UTPS/PLANPAC) some pur-
poses may be combined. 
Aggregate zones outside cor-
r.  i dor. 

Mode choice model (UTPS) 
or key zone sampling. 

Summarize from traffic 
assignment data at zone 
level. 

Use validated (gravity or 
intervening opportunity) 
model for trip generation/ 
distribution on small zone 
basis with zones aggregated 
outside corridor (UTPS, 
PLANPAC). 

(From UTPS). 

Summaries based on assign-
ment data. 

Plans and profiles, based 
on refined engineering 
location documents. 

Make policy assumptions 
based on likely future 
trend. 

Subarea traffic assignment 
with region aggregated. De-
tailed as appropriate (UTCS, 
SCCT, etc.) transit assign-
ment when aignificant use 
expected. 

(As in Short-Range and/or 
Preliminary Cycle). 

(From UTPS). 

Summarize from traffic 
assignment data at zone 
level. 

TIME 
FRAME FACTORS 

Physical Design 

Operations! 
Maintenance 

Traffic 

N 

Travel Demand 
0 Tripmaking 
Patterns 

o Mode Use 

Accessibility 

Physical Design 

Operations/ 
Maintenance 

Traffic 

ASSESSMENT STAGE 

COMPREHENSIVE 

Sketch plans and profiles, 	Plans and profiles, based 
based on preliminary en- 	on refined engineering 
gineering. 	 location documents. 

Make policy assumptions 	Make policy assumptions 
based on likely future 	 based on likely future 
trend. 	 trend. 

Subarea traffic assignment 	Subarea traffic assignment 
with region aggregated (UTPS,% with region aggregated. De- 
PLP.NPAC), with manual, editing 	tailed flow simulation as 
and capacity analysis. 	 appropriate (UTCS, SCOT, etc.) 
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problems. Some of the newer techniques are described 
along with conventional approaches in Appendix A--
Techniques Dictionary. 

Table 11 displays a broad range of suggested techni-
ques for forecasting each of the five transportation 
variables. The techniques are broken out for short-
range (three to seven years) and long-range (20 years) 
time periods and by assessment stage. The purpose of 
Table 11 is not to limit the choice of techniques for 
any particular combination of circumstances but rather 
to illustrate the importance of selecting a technique 
appropriate to the necessary level of detail.* 

* An excellent summary of 
available transportation 
forecasting techniques is 
available in Wickstrom and 
Sosslàu, Travel Estimation 
Procedures for Quick Re-
sponse to Urban Policy Is-
sues. NCRRP Project 8-12 
Interim Report, Transporta-
tion Research Board, Wash-
ington, D.C., April 1976. 

Generally, each successive assessment stage requires a 
finer grain of travel and traffic data. Preliminary 
assessment techniques are usually sketch planning ori-
ented, while comprehensive techniques are increasingly 
detailed and systems sensitive. The level of detail 
also varies by time frame. In the short-range, analy-
sis could include micro-traffic flow modeling. In the 
long-range, however, such precision is invalidated by 
the general uncertainty in forecasting demographic, 
economic and land use changes. On the other hand, 
knowledge of the sensitivity of travel demand to van-
ous alternatives becomes important for long-range as-
sessment. Thus, as one type of sensitivity is lost, 
another becomes critical. 
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ASSESS IMPACTS 

The yellow pages which follow list assessment techni-
ques for 13 categories of impact: 

S Social: 

Community cohesion 
Accessibility of facilities and services 
Displacement of people 

Economic: 

Employment, income and business activity 
Residential activity 
Fiscal effects 
Regional and community plans and growth 

'8. Resources and energy 

Environmental: 

Environmental design, 
values 
Terrestrial ecosystems 
Aquatic ecosystems 
Air quality 
Noise 

aesthetics and historic 

There is a two-page table for each impct category: 
at left is a summary discussion of the impact and the 
general methodologies used for its assessment; the 
right page presents the impact assessment techniques. 
The techniques listed under "existing conditions" are 
appropriate for assessing the impact of the existing 
transportation systems with respect to present condi-
tions; the techniques listed under "future conditions" 
are appropriate for assessing the short- and long-
range impacts of major, minor and no-action alterna-
tives with respect to future cOnditions. Techniques 
marked with an asterisk are described in the Appendix 
A--Techniques Dictionary. 

The letters "A," "B," and "C" indicate the approximate 
level of effort required by the techniques: "A" tech-
niques require a low level of effort and are appropri-
ate for preliminary impact screening; "B" techniques 
require moderate effort or are "standard" analysis 
techniques; "C" techniques require a high level of ef-
fort involving a substantial commitment of time, money 
or expertise. 

The purpose of these tables is not to limit the choice 
of techniques for any impact categOry or project. 
Rather, it is to illustrate the range of techniques 
available or, in a few instances, the lack of tech-
niques. The choice of a particular technique to be 
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used must be made by the project manager or impact 
analyst and will depend upon the project, the signif i-
cance of the impact, and staff and resources available. 

The techniques are organized into a series of steps 
that analyze: 

Magnitude. What is the anticipated change in the 
impact phenomena? For example, what is the in-
crease or decrease in noise as measured indeci-
beis, or the amount of regional income generated 
by transportation construction expenditures? What 
is the duration of the impact? 

incidence. Who is affected by, this change? Who 
loses? Who benefits? By how much? Who are the 
receptors of the increased noise? Is there a net 
gain or loss? Is the impact redistrihutive in 
nature? 

Significance. Given the magnitude of the change 
and its incidence, how important is the impact' 
Are the change and its effects significant and ac-
ceptable? Do the anticipated noise levels exceed 
public health standards? Is the distribution of 
jobs and income generated by a project equitable? 

The steps are: 

Identify and forecast project attributes causing 
impact. 

Identify and forecast external factors influencing 
impact. 

Identify and forecast intervening factors influ-
encing impact. 

Determine magnitude of impact. 

Identify and forecast receptors of impact. 

Determine incidence of impact. 

Identify and forecast standards, norms or values 
related to the impact. 

Determine significance of impact. 

For a discussion of the rationale behind these steps 
see Appendix C--Notes. 
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Impact 1 
Community Cohesion 

General Description 
Community cohesion refers to group and individual 
social interactions within a neighborhood and to 
the way in which residents perceive their area. 

Group Behavior--refers to "neighboring'--ac-
tivity patterns based on personal relation-
ships with friends or kin, the use of local 
facilities, and participation in local neigh-
borhood activities. * 

Individual Perceptions--refer to psychological 
identification with the neighborhood as place 
and as a social milieu, commitment to the 
neighborhood as expressed by longevity of 
residence or contact, and satisfaction with 
neighborhood environmental quality, services 
available, and social contact. 

Impact is usually a result of highway or tran-
sit construction that displaces people (Impact 3) 
or creates barriers between community residents 
(Impact 2), but may also be caused by more subtle 
effects, such as changes in the physical space or 
form of an area (Impact 9). The impact may also 
be positive: a well located and designed facil-
ity may create a boundary and help "define" a 
community or neighborhood; the planning and com-
munity participation process may itself change 
the way in which residents perceive their area. 

No direct measures of community cohesion are 
available. Therefore, two indirect approaches 
are used: the first involves detailed survey and 
analysis of the affected community (using Commun-' 
ity Inventory, Social Capacity Indications, 
Social Interaction Analysis techniques) to deter-
mine individual perceptions and activity pat-
terns. The second approach uses impact indica-
tors which measure probable sensitivity to 
project-related disruption; these are based on 
socio-economic data for census tracts and other 
geographical areas. Both methods have drawbacks. 
The detailed survey methods are costly and re-
quire substantial data collection. The indicator 
methods depend heavily on judgment since no sin-• 
gle method has been confidently proved valid. 
Therefore, community cohesion assessment relies, 
in the final analysis, on expert judgment supple-
mented by data generated through one of the above 
methods and on Community Input. The major short-
coming of all the array of techniques available 
to assess this impact is that the techniques tend 
to measure only the existing state of community 
interaction; they do not measure or predict the 
rate of change of social interaction. It is, 
therefore, difficult to derive a measure of fu-
ture community cohesion. Care must be taken to 
assess the probable direction of community change 
in both the short- and long-range futures. The 
only techniques cited which provide some ability  

to forecast future attitudes and behavior are 
Projective Attitudinal Surveys, Social Capacity 
Indicators, and Community Input Techniques. One 
or several of these techniques should be used to 
develop a future forecast. Community Input is 
usually used because it is the least costly of 
these methods. But, it is also the least reli-
able and should be supplemented by other techni-
ques in projects where social impacts of unusual 
significance are anticipated. 

No-Action Alternative 
Analysis of Community Cohesion under a no-action 
alternative should 1) portray the social, econo-
mic and political forces that will affect commun-
ity cohesion without the influence of the trans-
portation project (for example, rapid development 
or decline) and 2) indicate when maintenance of 
existing roads or services has an impact (for ex-
ample, when increased traffic or congestion 
creates a "barrier"). For most projects, how-
ever, the existing community can be used as a 
proxy to describe future conditions under a no-
action alternative. 

* Burkhardt and others (1971) 
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Assessment Techniques 
Existing Conditions 
	

Future Conditions 

Step 1: Identify and Forecast It 
Affilbutes 

Traffic Characteristics 	 • Researth existing information 	 • See "Transportation" 

Physical/Design Characteristics 
Accessibility Characteristics 

Step 2: Identify and Forecast External 
Factors 

Physical Characteristics of 
Affected Communities 

. Socio-Economic Characteristics 

Step 3: Identify and Forecast Intervening 
Factors 

Project-Related Displacement 

Project-Related Accessibility 
Changes 

Step 4: Determine Magnitude of Impact 

Effect on Individual Perceptions of 
Residents 

Effect on Group Behavior and Activ-
ity Patterns 

Effect on Overall Community Cohesion 

Step 5: Identify and Forecast Receptors 

Step 6: Determine Incidence of Impact 

Community inventory* 

Community input* 
Neighborhood social interaction index* 
Mobility index* (B) 
Stability index*  (B) 
Environmental assessment scale* (B,C) 
Quality of life indicators*  (C) 
Socially sensitive area identifi-
cation* (B,C) 
Simple negative social impact index* 
(B,C) 

. Not applicable 

Not applicable 

Community input* 
Social capacity indicators*  (C) 
Srole anomie test*  (C) 

Social interaction analysis*  (C) 
Social feasibility inodel*  (B,C) 
Community input* 
Expert judgment 

Comparison of indicators (Step 2) and 
judgmental evaluation of impact sus-
ceptibility 
Expert judgment 

(Identification is incorporated in 
most of above techniques) 

Narrative/tabular summary of impact by 
socio-economic groups, neighborhood, 
or jurisdiction 

See "Land Use" 

Community input* 
See "Population" and "ployment" 
Quality, of life indicators (C) 

See "Displacement" 

See "Accessibility to Pacilities and 
Services" 

Community input* 
Social capacity indicators*  (C) 
Projective attitude survey*  (C) 
Expert judgment 

Social interaction anaiysis*  (C) 
Community input* 
Expert judgment 

Comparison to analogous cases 
Expert. judgment 

(Identification is incorporated in 
most of above techniques) 

Narrative/tabular summary of impact by 
socio-economic group, neighborhood or 
jurisdiction 

Step 7: Identify and Forecast Standards! 	• Community input* 	 • Community input* 

Norms! Values 

StepS: Determine Significance of Impact • Expert judgment 
Community input* 

Expert. judgment 
Community input* 
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Impact 2 
Accessibility of Facilities and Services 

General Description 
Ease of access to and from facilities and ser-
vices affects the quality of neighborhood life. 
Transportation alternatives can displace facili-
ties, disrupt service zones, affect travel time 
or distance to facilities, or induce secondary 
land use changes which, in turn, result in 
changes in accessibility, in the number and type 
of facilities, or in the quality of services 
available. 

Impact is caused by changes in travel charac-
teristics or changes in the supply of community 
facilities and services. These may include pub-
lic, private and non-profit facilities and ser-
vices. Travel changes result from physical 
changes in the transportation system affecting 
the length of trip, operational changes (speeds 
and service) which affect travel time, and 
changes in the choice of modes available for tra-
vel. Changes in the supply of community facili-
ties and services are a function of growth, in-
duced change, local plans, and project-related 
displacement. 

Many measures can be used for this category of 
impact depending on the level of detail of the 
analysis. The simplest levels of assessment deal 
with number of institutions adversely or posi-
tively affected and a listing of neighborhoods 
with improved or worsened access. More detailed 
levels of assessment measure travel time to and 
from key origin and destination zones, average 
travel times from specific areas to individual 
facilities, or cumulative travel time for parti-
cular socio-economic groups to specific facili-
ties or services. Facilities and services may be 
treated individually, functionally or geographi-
cally. User population may be defined by neigh-
borhood, municipality or socio-economic group. 
Sensitivity to impacts must, however, be deter-
mined by expert judgment and in relative terms, 
even if index techniques are used. 

At the regional scale, accessibility between 
geographic zones for existing conditions and for 
future alternatives may be simulated using stan-
dard transportation analysis techniques; however, 
at this scale, the significance of the change in 
travel time is often difficult to assess because 
neither facilities nor user groups are identified 
within the analysis zone. At the local scale, 
accessibility changes can be assessed using map-
ping techniques and ad hoc or systematic analysis 
of local travel patterns. Ad hoc techniques con-
sist of mapping available facilities, relating 
these to transportation facilities and corridors, 
and then narrating a discussion of probable im-
pact. Systematic techniques involve doing a 
small-scale origin-destination analysis within 
the affected communities. This level of analysis 
can define community boundaries, the intensity  

and overlap of travel patterns, and the impor-
tance of the facility to the users; however, the 
required level of effort is high. 

Analysis of impact incidence involves a review 
of the characteristics of actual or potential 
community facility or service users. Most tech-
niques automatically incorporate, to some degree, 
analysis of incidence. Techniques which use 
standard zonal data (i.e., Special Area Analysis) 
can differentiate geographical areas, but not 
socio-economic, or ethnic groups. Other techni-
ques, such as the Social Interaction Technique or 
Social Capacity Analysis, can assess impacts at a 
finer grain. Still other techniques, such as the 
Social Feasibility Model have been used at the 
census tract or block scale to assess pedestrian 
dependency as an indicator of sensitivity to ac-
cessibility impacts. 

Determining impact significance requires anal-
ysis of the attitudes and perceptions of affected 
residents--this includes the perceived importance 
of the facilities and services for social inter-
action and the actual utilization patterns 
(catchment areas, frequency of use, membership, 
etc.) A few techniques include provisions to as-
sess the significance of facilities to area resi-
dents (i.e., Social Capacity Analysis), but most 
require direct interviews with community resi-
dents or representatives of local institutions. 

No-Action Alternative 
Assessment of the no-action alternative for this 
impact category is straightforward. The major 
requirement for adequate assessment is that the 
location of public facilities, commercial areas 
and their users be adequately specified. Changes 
in existing community facilities and services or 
plans for new facilities and services must be 
identified. Residential development in an area 
is a good indicator that community facilities and 
services will expand. Except in areas where 
rapid and dramatic socio-economic change is anti-
cipated, existing usage7 patterns and attitudes 
may be used as a reasonable proxy for future con-
ditions. It is advisable to confirm that a sig-
nificant problem is perceived by local residents 
before initiating any of the more detailed (and 
costly) techniques. Community input techniques 
should be used to accomplish this. 
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Assessment Techniques 
Existing Conditions 
	

Future Conditions 

Step 1: Identify and Forecast Project 
Attributes 

Traffic Characteristics 
Physical/Design Characteristics 
Accessibility 

Step 2: Identify and Forecast External 
Factors 

• 	Supply of Facilities and Services 

Step 3: Identify and Forecast Intervening 
Factors 

Project-Related Displacement of 
Facilities 

Step 4: Determine Magnitude of Impact 

Accessibility or Opportunity for 
Access to Facilities and Services 

Step 5: Identify and Forecast Receptors 

Usage Patterns for Facilities and 
Services 

Step 6: Determine Incidence of Impact  

Not applicable 

Same techniques as indicated under 
"future conditions" 

Community inventory* 
Social feasibility model" (B,C) 
Social interaction analysis*  (C) 

Identify users by socio-economic group 
and neighborhood 

Map overlay: compare right of way 
location to facility locations, and 
calculate displacement 

Regional scale: 

Special area analysis model" (C) 

Local scale: 

Social interaction analysis*  (C) 
Calculate travel time between specific 
facilities or types of facilities and 
user groups (B,C) 
Identify physical barriers to facili-
ties (A) 
Public transportation submarket index" 
(B,C) 

See "Population," "Employment" and 
"Land Use" 

Identify socio-econornic groups and 
neighborhoods who are (a) deprived of, 
(b) have impaired access to, or (C) 

have improved access to facilities and 
services. 

"Planning standards" for access/ser-
vices 
Social capacity indicators*  (C) 
Community input" 
Projective attitude survey*  (C) 

Expert judgment 
Community input* 

. Research existing information 	 • See "Transportation" 

Community inventory* 	 • See "Land Use" 
Social feasibility model* (B,C) 
Public transportation submarket index* 
(B) 
Environmental assessment scale* (B,C) 

Step 7: Identify and Forecast Standards/ 
Norms/Values 

Community Attitudes and Perceptions 	• "Planning standards" for access/ser- 

of Facilities 	 vices 
Social capacity indicators* (C) 
Community input* 

Step 8: Determine Significance of Impact 0 Expert judgment 
Community input* 
Environmental assessment scale*  (C) 
Quality of life indicators" (C) 
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Impact 3 
Displacement of People 

General Description 
Displacement has three aspects: the number and 
type of families displaced; the probability that 
equivalent housing can 'be found for those af-
fected; and, the psychological impact of the re-
location process. An additional impact, dis-
cussed under "Community Cohesion," considers the 
impact of disruption and relocation on the re-
maining community.. Some of these effects can be 
measured directly; psychological effects have 
been the subject of considerable research. 

Estimates of the number of families displaced 
are generally made by comparing the project 
right-of-way with the area to be affected. Ap-
plicable techniques include both empirically-de-
rived estimating models and parcel-by-parcel 
analysis techniques. The former is useful in 
early project stages, while the latter is re-
quired for detailed assessment. Housing market 
analysis is used to examine the available supply 
of housing to determine whether the displaced 
families can be successfully relocated to compar-
able housing with available federal or state re-
imbursements. If relocation cannot be done, the 
demand for replacement housing is calculated with 
estimates made of the number and type of units 
and the approximate cost of the building program. 

A parcel-by-parcel approach, supplemented with 
either secondary or primary data, is necessary to 
estimate the characteristics of those families 
affected (incidence of impact). This data is 
also a key, factor in the estimation of severity 
of impact. The degree of severity of social and 
psychological impacts cannot be measured in quan-
titative terms, but can be understood through 
study of' psychological effects of relocation in 
comparable, or analogous cases. Considerable 
work has been done in the area and study results 
are often generalizable. The importance of relo-
cation assistance and services, and the expertise 
and sensitivity of agency personnel are important 
factors influencing the significance of impacts. 
Certain groups such as the elderly, school age 
children, low income and minority groups are par-
ticularly sensitive to displacement effects. 

NoAction Alternative 
The displacement impact of the no-action alterna-
tive is usually set at 'zero. An estimate should 
be made, however, of future residential condi-
tions within the study area. Conventional relo-
cation analysis assumes that the resident popula-
tion of an area will remain constant in terms of 
socio-economic and family-size characteristics, 
etc; however, analysis may reveal underlying de-
velopment trends which 'could change the coinmun-
ity. These may include plans for redevelopment 

or reuse by public or private agencies. An anal-
ysis of the no-action alternative will also help 
to identify those who will be displaced by the 
build alternatives. Such information is impor-
tant if an extended period of time elapses be-
tween the planning and right-of-way acquisition 
stages. In cases where major facilities are 
planned, but implementation is delayed, a shadow 
effect may occur: development activity--both 
public and private--ceases, and neighborhood re-
sidents drift slowly away from the area leaving 
housing that is absorbed by the poor and the 
transient. These groups are often more vulner-
able to eventual displacement than the original 
community. 
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Assessment Techniques 
Existing Conditions 
	

Future Conditions 

Uniform Relocation Act 
FHPM 7-5-2/6 
Community input* 

Not applicable 

Step 1: Identify and Forecast Project 
Attributes 

Physical/Design Characteristics 

Step 2: Identify and Forecast External 
Factors 

Physical Characteristics of 
Affected Community 

Community Social Characteristics 

S Non-Project Related Displacement 

Step 3: Identify and Forecast Intervening 
Factors 

Community Susceptibility to Impact 
Disruption 

Step 4: Determine Magnitude of Impact 

Number of Structures, People Dis-
placed 

Step 7: Identify and Forecast Standards/ 

Norms/Values 

Step 8: Determine Significance of Impact 

Compensation and Relocation Assis-
tance Programs 

Capacity of Housing Market to Meet 
Relocation Needs 

Assessment of Significance of the 
Displacement 

See "Transportation' 

See "Land Use" 
Quality of life indicators*  (C) 

Community input* 
Social capacity indicators* (C) 
Social interaction analysis*  (B,C) 

Estimate future relocation based on 
review of public and private sector 
plans (B,C) 

Projective attitude survey*  (C) 
Comparison to analogous cases 

Overlay mapping 
Housing displacement model* (B) 
Parcel-by-parcel comparison of pro-
posed right-of-way to existing land 
uses (B,C) 

Use existing conditions as proxy for 
future conditions unless significant 
change is anticipated; if so, see 
"Population" and "Land Use" 

Identify socio-economic character is-
tics of people or families identified 
in Steps 4 and 5 using secondary data 
(e.g., U.S. Census) or primary inter-
view data. 

Use existing standards as proxy for 
future standards. 

Review probable changes in compensa-
tion levels (B,C) 
Review normal procedures of relocation 
agency (B,C) 

Housing market analysis* (C) 

Expert judgment. Compare needs Steps 
4,5, & 6) to resources (Step 7). 
Analogous case method 
Community input* 
Quality of life indicators* (C) 

Research existing information 

Community inventory* 

Community inventory* 
Community input* 
Social capacity indicators*  (C) 
Social interaction analysis* (B,C) 

Review ongoing relocation programs 
with local agencies 

Mobility index*  (B) 
Stability index*  (B) 
Displacement critical factors*  (B) 

Set at zero 

Not applicable 

Not applicable 

Step 5: Identify and Forecast Receptors 

People or Families Directly Impacted • Not applicable 

Step 6: Determine Incidence of Impact 	• Not applicable 
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Impact 4 
Employment, Income and Business 
Activity 

General Description 
The economic impact of a transportation alterna-
tive, is measured by changes in employment, income 
and business activity. Measures of business ac-
tivity include the number and type of firms, 
their employment, sales volumes, earnings, etc. 
Direct economic impacts include displacement of 
businesses as well as the generation of jobs and 
income through the purchase of goods and services 
needed to construct a transportation facility. 
Indirect economic effects include induced growth 
and the redistribution of economic activity be-
cause of shifts in transportation costs and 
accessibility to markets and resources. Trans-
portation is one of several major factors in 
long-term economic growth. 

The techniques used to estimate business dis-
placement are varied. In some cases business 
displacement can be measured directly; in other 
instances data on "analogous cases" is used to 
estimate the probability, that displaced bus i-
nesses will relocate or close. In cases where 
impacts will occur within localized areas, inter-
views and surveys can be used to supplement 
available information. 

Direct job and income impacts associated with 
displacement can be measured on the basis of data 
gathere'd in the processes described above. Par-
ticular attention must be given to the number of 
jobs lost and to the income level and character-
istics of groups affected. Indirect job and in-
come impacts are estimated by the use of Regional 
Employment and Regional Income Multipliers. An 
alternative technique for measurement of indirect 
job and income effects is Input-Output Analysis 
which is appropriate where available for large 
scale projects. 

Indirect economic effects--induced growth and 
the redistribution of economic activity--occur 
when a transportation project changes travel 
costs or accessibility and thereby affects the 
costs of establishing or doing business. These 
changes are measured as changes in the cost of 
transporting goods and services, changes in ac-
cess to labor and resources, and changes in land 
value. Such changes, when brought about by a 
transportation pr,oject,, may make it feasible and 
profitable for a company to :locate in an area or 
expand its business to new trade 'areas. These 
effects are most clear when a transportation pro-
ject opens up new land, liiks major market areas, 
or provides access to new resources. 

Indirect economic effects are estimated using 
market demand or trade area analysis techniques. 
The techniques are based on theories of spatial 
economic behavior such as central place theory, 
and make use of gravity models to define, trade 
areas. In the case of large projects which are 
expected to induce significant growth, Input-Out-
put Analysis, or Regional Employment and Income 

Multipliers can be used to trace out the conse-
quences of the new growth. 

The incidence of regional economic impact is 
analyzed by Input-Output Analysis which identi-
fies the gains or losses by economic sectors. At 
the corridor scale, economic impact is generally 
analyzed in terms of jobs lost or gained and 
sales increased or decreased. Further analysis 
can estimate the probable changes in tax revenues 
(sales, corporate and property taxes) by local 
tax jurisdictions. Most such analyses are 'based 
on analogous cases and expert judgment. 

The significance of employment, income, and 
business activity impacts is assessed--again us-
ing expert judgment or community input--relative 
to local and regional economic conditions. These 
are measured by unemployment rates, income levels 
and spending power, and the general economic 
growth rate. 

NoAction Alternative 
For the no-action alternative, employment, income 
and business activity may be affected if access 
is reduced or congestion increases transportation 
costs. Establishment of a "benchmark" or base 
condition is standard for most economic analysis 
techniques. Expenditures for maintenance can 
usually be estimated with accuracy. If mainte-
nance expenditures are expected to increase sig-
nificantly under the no-action or TSM alternative 
(for example, bridge replacement for safety pur-
poses) the impact of these increases should be 
analyzed. 
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Assessment Techniques  
Existing Conditions 'Future Coflditions 

Step 1: Identify and Forecast Project 
Attributes 

Physical/Design Characteristics See "Transportation" See "Transportation" 

Traffic Characteristics 
Accessibility Characteristics 

Step 2: Identify and Forecast External 
Factors 

Regional Population and Economic Research existing information (e.g., Use available forecasts 

Activity U.S. Census: 	Population, Housing, See "Population" and "Employment" 
Retail Trade) 

Corridor Population and Economic Research existing information (e.g., Use available forecasts 

Activity U.S. Census: 	Population, Housing, See "Population" and "Employment" 
Major Retail Centers) 
Interview local business leaders and 
local planning officials (B,C) 

Step 3: Identify and Forecast Intervening 
Factors 

Displacement Set at zero See techniques listed under "Displace- 
ment" 

Induced Development Set at zero Expert judgment 
Shift/Share Analysis* (B,C) 

Joint Development Set at zero Expert judgment 
Market demand analysis* (B,C) 

Stop 4: Determine Magnitude of Impact 

Employment 
- number of jobs 

- access to jobs 

S income 

Business Activity 
- regional spending 

- sales volume 

- type, number and location of 
firms 

Step 5: Identify and Forecast Receptors 

Research existing information (e.g., 
State Division of Employment Security 
Bureau of Labor Statistics) 

Accessibility index* (B,C) 

Research existing information (e.g., 
U.S. Census of Population) 

. Research existing information 

Research existing information (e.g., 
U.S. Census of Retail Trade, 
Wholesale Trade, Manufacturing) 

Research existing information (e.g., 
Chamber of Commerce, Business Asso-
c iat ions) 

Research existing information (e.g., 
U.S. Census) 

Regional (employment) multiplier 
analysis* (B,C) 

Accessibility index* (B,C) 

Expert judgment 
Econometric models (C) 

Regional (income) multiplier 
analysis* (B,C) 

Input-output analysis* (C) 
Analogous case method* 
Expert judgment 
Trade area analysis* (B,C) 
Interview business leaders (B,C) 

Economic base analysis - regional 
multiplier* (B) 
BasiC-ServiceS ratio method* (B) 

Trends extrapolation (A,B) 
Threshoid' analysis*  (B,C) 
See "Popu1Za1ipn" and "Employment" 

Step 6: Determine Incidence of Impact 	• Identify employment. (unemployment) 	• Estimate, employment: opportunities 
levels and income distribution by 	 and; incomer dis.tr:ibutiom by areas. or 
areas or groups of interest 	 gxus of interesi. 

Step 7: Identify and Forecast Standaidsi 	• Community input* 	 • Community,  i:nput.* 

Norms/Values 

Step 8: Determine Significance of Impact • Expert judgment 	 . Expert judgment 
Community input* 	 • Community input* 
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Impact 5 
Residential Activity 

General Description 
Impacts to residential activity involve project-
induced changes in the quantity and quality of 
housing in a region or community as well as 
changes in residential location patterns. These 
changes are a function of displacement due to 
right-of-way takings and changes in (regional) 
accessibility patterns. The degree of analysis 
required to assess residential activity impacts 
will vary with the size and regional significance 
of the proposed transportation facility. Smaller 
projects whose transportation effects are felt 
within a limited area will primarily require an 
analysis of displacement effects. There may, in 
addition, be a need to assess the potential for 
local residential development if the facility 
opens up undeveloped land. Larger projects whose 
transportation effects are felt over a whole re-
gion are likely to affect residential location 
patterns over a large area and will require more 
extensive analysis. 

The assessment of displacement effects in-
volves the mapping of residences in the study 
corridor and the overlay mapping of the route lo-
cation alternatives. Specific assessment techni-
ques are discussed under the impact category 
"Displacement of People." The incidence of the 
impact is analyzed by identifying individuals and 
families who are displa'e3. In assessment 
screening this is done by reviewing census data; 
in the latter assessment cycles, by survey and 
individual interview techniques. The signif i-
cance of the impact is assessed after a housing 
market analysis and review of compensation pro-
grams. A Market Analysis determines the availa-
bility of replacement housing within given price 
ranges. Necessary data on the quantity and qual-
ity of housing, the cost of housing, and esti-. 
mated vacancy rates, are obtainable from Census 
information, interviews with local realtors, or 
housing surveys. Legislatively mandated compen-
sation programs currently allow for the construc-
tion of replacement housing in cases where suff i-
cient housing is not available in the market. 

Estimates of induced development effects and 
changes in residential location patterns are 
based on analysis of accessibility changes. A 
major part of the cost of housing is the cost of 
land; in general, land which is easily accessible 
from employment areas is more valuable than land 
which is less accessible. By opening up new land 
or reducing the travel costs and improving the 
accessibility of land, a new transportation fa-
cility may open up opportunities for residential 
development. Other major factors to be consid-
ered are the availability of buildable land, 
financing, and the availability of public ser-
vices--including zoning, police and fire protec-
tion, sewer and water connections, schools, etc. 
Prediction techniques range from expert judgment  

to trends extrapolation and computerized model-
ling techniques. Analysis of this impact is usu-
ally done in tandem with region-wide transporta-
tion forecasting. The incidence of impact is 
shown in terms of the increase or decrease in de-
mand for housing (by type) for the various re-
gional subareas or communities. Significance can 
be partially assessed by comparing projected de-
velopment trends to current trends and to planned 
development patterns (See "Regional and Community 
Plans and Growth"). 

No-Action Alternative 
The no-action alternative should show the resi-
dential development activity or patterns that 
will exist if the proposed transportation facil-
ity is not built; that is, to portray the market 
forces that are affecting the supply and demand 
for housing without the influence of the transpor-
tation project. Since the no-action alternative 
will normally involve Little or no displacement 
and probably will not markedly change existing 
accessibility patterns, most impact estimates can 
be done by trends extrapolation techniques. For 
very large projects significantly affecting re-
gional development patterns, regional land use 
models are generally used. Care should be taken 
in making future projections that assumptions 
about economic growth, employment location, and 
the development of other highway and transit pro-
jects 

ro
jects are consistent with the no-action alterna-
tive. 
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Assessment Techniques 
Existing Conditions 
	 Future Coflditions 

Step 1: Identify and Forecast Project 

Attributes 

Physical/Design Characteristics 	• Research existing information 	 • See "Transportation" 
Accessibility Characteristics 

Step 2: IdeAtify and Forecast FKW"WAL  

Factors 

• 	Population Change 	 • Research existing information 	 • See "Population" and "Employment' 

Family Formation 
Change in Family Characteristics 

Step 3: Identify and Forecast Intervening 
Factrs 

Induced Development Interview local officials (B,C) . Market demand analysis* (B,C) 

Change in the Demand/Supply of Real Expert judgment Development pressure index*  (C) 

Estate 

Change in Stock of Housing (via Not applicable; set at zero S See techniques listed under "Displace- 

Displacement) ment" 

Stop 4: Determine Magnitude of Impact 

Change in Property Values Not applicable; set at zero Analogous case method* 
. Market demand analysis* (B,C) 

Induced Development . Not applicable; set at zero Development pressure index* (B,C) 

Step 5: Identify and Forecast Receptors 

Households (Displacement) 	 • See techniques listed under "Displace- 	• See techniques listed under "Displace- 

ment" 	 ment" 

Construction Sectors 	 • Not applicable 	 • Input/output analysis* (C) 
Economic base analysis* (B,C) 

StopS: Determine Incidence of Impact 

Households (Displacement) 	 • Not applicable 	 • See techniques listed under "Displace- 
ment" 

Construction Sectors 	 • Not applicable 	 • Input/output analysis* (C) 

Step 7: Identify and Forecast Standards/ 	• 5% vacancy threshold 	 S 5% vacancy thresholds 

Nonns/ Values 	 • Review local and state housing policies 

Step 8: DetennineSigflificaflceoflmpaCt • Compare existing conditions to stan- 	• Comparison to standards 
dards 	 • Expert judgment 
Expert judgment 	 • Community input* 
Community input* 



Impact 6 
Fiscal Impacts 

General Description 
This impact category is concerned with the reve-
nues collected by municipal governments through 
property taxes. Transportation improvements 
cause gains or losses in property tax revenues by 
affecting the property values of areas through 
which they pass. A change in property value is 
brought about in one of several ways: by the ac-
quisition of land for highway or transit right-
of-way which removes land from the tax rolls; by 
changes in the value of land adjacent to the 
facility; and by the development of property 
which is added to the tax rolls. In addition, 
transportation facilities may have an indirect 
effect on property values if they induce growth 
or require the municipalities to provide expanded 
public services. The costs of these expanded 
services are reflected in the property tax rates. 
A major concern in many communities affected by 
transportation improvements is whether these pub-
lic service costs will be offset by increased 
revenues from new development and increased prop-
erty value. 

It is important to realize that in certain lo-
cal jurisdictions and in some states other reve-
nue sources, such as retail and excise taxes, may 
be more important sources of revenue than the 
property tax and will, therefore, require impact 
analysis where there will be business displace-
ment or induced development impacts from a pro-
ject. Local government finance offices have in-
formation on the importance of various revenue 
sources to the local community. 

Tax losses from property taken for highways or 
transit facilities may be estimated directly from 
tax assessment data on a parcel-by-parcel basis. 
Approximation techniques involving ratio or pro-
portional acreage methods are also available. 
Many studies, however, deal only with "first 
year" tax effects; this approach considerably 
understates the impact on tax revenues over time. 

The estimation of property value changes and 
induced growth effects relies heavily on expert 
judgment and comparison to analogous cases. The 
evidence of such cases, however, is mixed. Stud-
ies of land use and property value changes before 
and after highway construction show that gains in 
value have been somewhat more common than losses; 
however, no consistent pattern has emerged. Local 
market conditions appear to play as important a 
role in the process as the transportation im-
provement itself. Where property values have in-
creased after a transportation improvement, im-
proved accessibility is cited as the primary rea-
son. Retail business is particularly sensitive 
to accessibility changes that affects their trade 
or market area. The techniques for estimating 
the effects of accessibility changes on business 
activity are discussed under the category of "Em-
ployment, Income, and Business Activity Impacts." 

Losses in property values are most frequently at-
tributed to decreases in accessibility due to 
congestion and increases in noise and' air pollu-
tion. In most projects the direction and magni-
tude of the probable property value change must 
be estimated by expert judgment. 

Estimation of the property tax effects of in-
duced development can be done by applying tax and 
assessment rates to the predicted development es-
timated in units such as sales per square feet of 
retail space or number of housing rental units. 
Market Demand Studies are used to estimate the 
type and amount of probable development. How-
ever, techniques such as the Development Pressure 
Index can be used to provide first-cut estimates 
of development trends. In both cases, estimates 
of impact magnitude are very probabilistic. 

The incidence of property tax impacts is esti-
mated by summing the revenue losses and gains for 
each tax jurisdiction--usually the municipal or 
county governments. The significance of the im-
pact is a political value judgment; the appli-
cable techniques are expert judgment and commun-
ity input. 

No-Action Alternative 
The available techniques are applicable to the 
analysis of the no-action alternative with the 
following considerations: Analysis should show 
the property tax situation that will exist if no 
transportation investment is made, that is, to 
portray the market forces that are affecting the 
supply and demand for property without the influ-
ence of the transportation project. However, 
many land development projects are predicated on 
the assumption that a transportation project will 
be built. If land has already been acquired, or 
investments made (e.g., sewer and water improve-
ments), a no-action decision can have short term 
impacts as speculation in an area collapses. The 
extent to which this is a real loss or a loss of 
opportunity is a matter of judgment and debate. 
There is, on the other hand, a tendency to view 
the no action as a no-impact case when, in fact, 
there are often existing impacts related to the 
existing transportation facility which might be 
alleviated by a new or improved transportation 
facility. Examples of this are cases where exist-
ing air and noise pollution depress residential 
property values. 
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Assessment Techniques  
Existing Conditions 	 Future Conditions 

Step 1: Identify and Forecast Project 

Attributes 

Physical/Design Characteristics 	• Research existing information 	 • See "Transportation" 

Traffic Characteristics 
Accessibility 
Travel Patterns 

Step 2: Identify and Forecast External 

Factors 

Tax and Assessment Rates 

Land Development Activity 

Step 3: Identify and Forecast Intervening 
Factors 

Property Values 

Municipal Service Levels 

Induced and Joint Development 

Displacement (Private and Public) 

Step 4: Determine Magnitude of Impact 

Taxes 

Service Expenditures 

Step 5: Identify and Forecast Receptors  

Research existing information (e.g., 
property tax records) 
Interview local tax officials (B,C) 

See techniques listed under "Regional 
and Community Plans and Growth" 

Research existing information (e.g., 
property tax records) 

Research existing information (e.g., 
capital improvement plans) 

Not applicable; set at zero 

Research existing information (e.g., 
municipal, operating and capital bud-
gets) 

Identify taxing jurisdictions and tax 
payers 

Use existing tax and assessment rates 
as proxy for future rates 
Estimate by trends extrapolation 
Interview local tax officials (B,C) 

See techniques listed under "Regional 
and Community Plans and Growth" 

Expert judgment 
Analogous case method* 

Expert judgment 
Interview local officials (B,C) 
Estimate by trends extrapolation 
Analogous case method* 

Expert judgment 
Market demand analysis* (C) 
Development pressure index* (C) 
Induced development tax return method* 
(B,C) 

Estimate by trends extrapolation 
Analogous case method* 

Use existing jurisdictions as proxy 
for future tax jurisdictions 
See "Population" and "Employment" 

See techniques listed under "Displace- 	• See techniques listed under "Displace- 
ment" 	 ment" 

• 	Research existing information (e.g., 	• Parcel-by-parcel assessment analysis* 
tax rolls and revenues) 	 (B,C) 

Right-of-way cost ratio analysis* (A,B) 
Proportional acreage method* (A,B) 
Analogous case method* 
Expert judgment 

Step 6: Determine Incidence of Impact 	• Calculate tax effect by taxing juris- 	• Estimate future tax effect by taxing 

diction 	 jurisdiction 

Step 7: Identify and Forecast Standards! 	0 Interview local officials 	 • Interview local officials 

Norms/Values 	
• Community input* 	 • Community input* 

Step 8: Determine Significance of Impact 	• Expert judgment 
Community input* 

Expert judgment 
Community input* 
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Impact 7 
Regional and Community Plans and 
Growth 

General Description 	No-Action Alternative• 
Impacts on regional and community plans and 
growth occur when a planned transportation facil-
ity or its probable impacts are not compatible 
with the development goals of a region or commun-
ity. Either the facility itself or facility-in-
duced growth may be in conflict with plans and 
growth trends. To the extent that the induced 
development is in conformance with stated plans 
then the effects of transportation development 
will act to reinforce the plans. To the extent 
that such transportation development runs counter 
to regional and community plans, the project may 
alter the type, pattern, and timing of plans and 
growth. 

Development plans are frequently set forth on 
the assumption that proposed transportation fa-
cilities will be built. If the proposed facility 
is a major regional or corridor link in a trans-
portation network, the future development of num-
erous other road, transit, and land development 
projects may be dependent upon it. In such 
cases, a decision not to build the facility can 
have substantial repercussions; at a minimum, the 
drafting of new plans; in other cases, the "un-
winding" of work already completed--for example, 
the resale of housing or the redevelopment of 
land taken for right-of-ways. 

The assessment of impacts in this category has 
as a prerequisite the assessment of more specific 
impacts such as impacts on "Residential Activ-
ity," "Effects on Property Taxes," "Accessibility 
of Facilities and Services," "Displacement of 
People," and impacts on "Employment, Income, and 
Business Activity." The procedures used 'involve 
review of available plans, analysis of growth 
trends, survey (by interview or written question-
naire) of local, state and regional planning of-
ficials, and the application of expert judgment. 

A determination of the magnitude of the impact 
requires that estimates of impact and induced 
growth changes be made and compared with the pre-
dictions and objectives outlined in regional and 
community plans, capital budgets, etc. The inci-
dence of the impact can be stated by identifying 
the governmental jurisdictions, communities, and 
businesses affected. These may include regional, 
metropolitan, county and local governments and 
agencies, also private or quasi-public utility 
companies. 

A determination of the significance of the im-
pact is a political value judgment. For analysis 
purposes, the applicable techniques are expert 
judgment and community input. 

The primary consideration in analyzing the im-
pacts of the no-action alternative is to deter-
mine to what extent 'the proposed facility has 
been incorporated in current planning efforts. 
Many community planning actions, such as zoning 
approvals, highway plans, and sewer and water ex-
tensions may have been planned in anticipation of 
the facility. The extent of such planning will 
vary considerably among communities. A reversal 
of community plans may require substantial re-
planning; however, it should not be assumed that 
incorporation of the facility into local plans 
necessarily implies a need or desire for the fa-
cility on the part of a local community at the 
present time. 

In cases where a major facility has been de-
layed for a substantial period of time, a "sha-
dow" effect may ensue. When this happens, public 
and private investment in the proposed right-of-
way or even the corridor area ceases until a de-
cisive action or no-action decision is made. In 
the interim, the high degree of uncertainty un-
dermines business investment in the area and ar-
tificially depresses the real estate market. The 
significance of this "shadow" effect will depend 
upon local conditions and the opportunity costs 
involved. 
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Assessment Techniques  

Step 1: Identify and Forecast Project 
Attributes 

Physical/Design Characteristics 
Traffic Characteristics 
Accessibility Characteristics 

Step 2: Identify and Forecast External 
Factors 

Zoning and Development Regulations 

Existing Conditions 

Research existing information 

Research existing information (e.g., 
state and local zoning and land use 
regulations) 

Future Conditions 

See "Transportation" 

Analyze future land use plans and pro-
posed development regulations 
Interview local and regional planning 
officials 
Expert judgment 

See "Land Use" 

Analyze capital budget plans 
Interview local and regional planning 
officials 
Expert judgment 

Regional and Community Growth Pat- 	• Research existing information (e.g., 

terns 	 U.S. Census) 

- Population 
- Exployment 

Capital Planning, Programming, Bud- 	• Research existing information (e.g., 

geting 	 state and local capital budget plans) 

Step 3: Identify and Forecast Intervening 
Factors 

Induced Development 	 • Research existing information (e.g., 	• Expert judgment 

building permit data) 	 S Market demand analysis* (C) 

Interview local developers and plan- 	• Development pressure index*  (C) 

ning officials 	 S Accessibility irtdex* (C) 

Expert judgment 

. Joint Development 

Step 4: Determine Magnitude of Impact 

. Relationship of Project to Plans 

Relationship of Project to Land Use 
Plans 

Relationship to Neighborhoods and 
Communities 

Not applicable; set at zero 

Expert judgment 
Interview local officials 
Community input* 

Expert judgment 
Map overlay of projecton land uses 
Interview local officials 

Expert judgment 
Interview local officials 
Community input* 

Expert judgment 
Market demand analysis* (C) 
Development opportunity analysis* (B) 

Expert judgment 
Interview local officials 
Community input* 

Expert judgment 
Map overlay of project on land uses 
Interview local officials 

Expert judgment 
Interview local officials 
Community input* 

Step 5: ldentify and Forecast Receptors 	• Research existing information (e.g., 	• Use existing receptors as proxy for 

U.S. Census, land use plans) to inven- 	future receptors 
tory business, governmental, institu- 	• See "Population" and "Land Use" 
tional and residential areas affected 
Interview local and regional officials 
to inventory public and private agen-
cies affected 

Step6: Determine lnCidenceofImpact 	• Interview local and regional officials 	• Expert judgment 

Community input* 	 S Interview local and regional officials 
Community input* 

Step7: Identify and Forecast St8fldaS/ 	• Research existing information (e.g., 

Norms/Values 	 current plans and goals statements) 
Interview lOcal and retional officials 
Community input* 

Step 8: Determine Significance of Impact S Expert judgment 
Interview local and regional officials 
Community input*  

Research existing information (e.g., 
future plans and goal statements) 
Interview local and regional officials 
Community input* 

o Expert judgment 
Interview local and regional officials 
Community input* 
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Impact 8 
Resources and Energy 

General Description 
This impact category deals with the consumption 
of energy and raw materials by the transportation 
sector. For the purposes of highway and transit 
studies resource consumption can be calculated in 
terms of 1) the energy required to operate vehi-
cles, including automobiles, trucks, buses and 
rail vehicles; 2) the energy consumed in the con-
struction of those vehicles; and 3) the energy 
consumed in the construction of roads and tran-
sitways.* Direct fuel consumption by the trans-
portation sector amounts to about 25 percent of 
all energy used annually in the United States. 

Fuel consumption for most highway projects can 
be estimated by applying fuel consumption rates 
per vehicle mile to the expected VMT (vehicle 
miles of travel) by alternative. Computer pro-
grams are available to simplify calculations and 
to estimate the effects of changes in operating 
speeds, roadway design, vehicle mix, etc. The 
literature on this aspect of energy consumption 
is growing rapidly. Fuel consumption for transit 
is calculated in much the same maimer on the 
basis oE passenger miles of travel. Where tran-
sit vehicles are run from a central power source, 
however, energy losses in transmission should be 
included in the calculations. 

Energy consumed in the construction of vehi-
cles, roads and transitways can be reasonably 
well estimated given basic location and design 
alternatives. For comparative purposes, energy 
estimates are preferable to estimates of the 
quantity of raw materials consumed (for example, 
cubic yards of gravel or concrete) but cost esti-
mates can be used as a proxy. 

Input-Output analysis can be used to trace the 
incidence of changes in resource consumption; 
however, this is best done on a programatic 
rather than a project by project basis since in-
dividual projects may effect only marginal 
changes. 

No-Action Alternative 
Available techniques can be used to analyze the 
no-action alternative. The prerequisite in all 
cases is an adequate transportation forecast that 
estimates VMT by link for the no-action alterna-
tive. This information is normally available 
since it is also required for air quality analy-
sis. 

The energy consumption involved in maintenance 
and reconstruction/replacement over time is fre-
quently overlooked, but should be estimated for 
the no-action alternative (also, for TSM and 
minor alternatives) since the total costs can in 
some cases approach the cost of new construction. 

* Fels (1975) 
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Assessment Techniques 

Step 1: Identify and Forecast Project 
Attributes 

Traffic Characteristics 
Physical/Design Characteristics 
Accessibility Characteristics 

Step 2: Identify and Forecast External 
Factors 

Price and Availability of Energy 
and Raw Materials 

Legal and Administrative Require-
ments 

Step 3: Identify and Forecast Intervening 
Factors 

Vehicle Energy-Use Characteristics 

Construction/Materials Technology 

Step 4: Determine Magnitude of Impact 

Energy Consumption 

Raw Materials Consumption 

Manpower 

Land 

Step 5: Identify and Forecast Receptors 

Energy Users 

Raw Materials Users 

Step 6: Determine Incidence of Impact 

Transportation Users 
Non-Transportation Users 
- Energy Users 
- Raw Materials Users 

Step 7: Identify and Forecast Standards/ 

Norms/Values 

Existing Conditions 

Research existing information 

Research existing information (e.g., 
Department of Energy) 

Research existing information (e.g., 
federal and state codes) 

Research existing information 
Interview industry officials 
Expert judgment 

Review existing information (e.g., 
Federal Highway Administration) 
Interview industry officials 

VMT direct calculation method* (A,B) 
CALTRANS energy evaluation model* (B,C) 
Fels Comprehensive Energy Assessment 
Model* (C) 

Not applicable; set at zero 

Not applicable; set at zero 

Measure existing facility right-of-way 

• 	Research existing information 

Research existing information to de-
termine raw materials consumption and 
cost by user type. 

Research existing information 

Research existing legislative and ad-
ministrative guidelines; industry 
energy standards, etc. 

Future Coflditions 

See °TransportatiOn' 

Expert judgment 
Estimate by trends extrapolation (B) 
Econometric analysis (C) 

Review existing and proposed legisla-
tion affecting energy and raw mater-
ials use 

Use available forecasts 
Interview industry officials 
Estimate by trends extrapolation 
Expert judgment 

Expert judgment 
Estimate by trends extrapolation 
Interview industry officials 

VMT direct calculation method* (A,B) 
Special area analysis model* (B,C) 
CALTRANS energy evalaution model* (B,C) 
Fels comprehensive energy assessment 
model* (C) 

Construction cost unit approach* (B) 

Construction cost unit approach* (B) 

Estimate proposed facility right-of-way 

Project future energy demand by trans-
portation and non-transportation sec-
tors 

Estimate future raw materials demand 

Expert judgment 
Estimate by trends extrapolation 
Input/output analysis*  (C) 

Use existing standards as a proxy for 
future standards 
Expert judgment 
Community input* 

Step8: Determine SignificanceOfImpact • Compare existing conditions to stan- 
dards 
Expert judgment 
Community input*  

Compare existing conditions to stan-
dards 
Expert judgment 
Community input* 
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Impact 9 
Environmental Design, Aesthetics and 
Historic Values 

General Description 
This impact category covers changes that occur to 
the manmade and natural physical spaces and forms 
of an area,' the quality of their interrelation-
ships, their human uses 'and their historic, aes-
thetic, cultural and archaeological values. Im-
pacts are caused directly when land is cleared 
and a new facility is built, and indirectly when 
noise, air pollution, or accessibility changes 
disrupt the use and appreciation of an area. 
Also to be considered' are the secondary impacts 
that may result from growth induced as a result 
of transportation improvements. 

Design, aesthetic and historic value impacts 
are difficult impacts to assess. They are not 
amenable to traditional engineering and economic 
analysis techniques, and therefore they are fre-
quently given only nominal attention in transpor-
tation projects. This does not diminish their 
importance however. The built environment--which 
includes highway and transit structures--reflects 
the political and cultural values of society. 
The preservation of buildings, landscapes, art, 
etc., maintains--at least symbolically--a link 
between past values and present values. 

A proposal for a new highway or transit facil-
ity must, therefore, be assessed in two direc-
tions: in terms of its impact on the symbols of 
past values, and in terms of its ability to re-
flect present values. Techniques for the first 
type of assessment generally involve the identi-
fication and mapping of significant historic, 
aesthetic, cultural, and archaeological areas and 
the overlay mapping of the planned facility. The 
effects and extent of displacement, changes in 
accessibility, air and noise pollution are then 
estimated. 

Techniques for assessing the facility in rela-
tion to present values emphasize architectural 
and design methods: drawings, sketches, render-
ings, and scale models which show the proposed 
facility and its location with respect to the 
surrounding areas. 

These techniques are all measures of the mag-
nitude and incidence of the impact; they attempt 
to record the physical forms and activity pat-
te,rns of an area or facility and its incidence 
within the context of the area. Determining sig-
nificance of the impact, however, is a matter of 
value judgment which must be accomplished by ex-
pert judgment and community participation. In 
this respect, the assessment of environmental de-
sign impact is--more than any other impact--based 
on existing conditions and existing values. The 
existing community and its values must be the 
proxy for the future community and its values, 
for there is no way to project the value systems 
of future communities. 

NoAction Alternative 
The techniques used to assess the impacts of 
build alternatives can be applied to the assess-
ment of the no-action alternative. In most 
cases, existing conditions can stand in for fu-
ture conditions, making it possible to use photo-
graphs of the existing facility rather than ren-
derings, etc., to portray future conditions under 
the no-action alternative. 
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Assessment Techniques  
Existing Conditions Future Conditions 

Stop 1: Identify and Forecast Prnject 
Attributes 

Physical/Design Characteristics 0 Research existing information See "Transportation" 

Traffic Characteristics 
Accessibility 

Step 2: Identify and Forecast External 
Factors 

Man-Made and Natural Environmental Research existing information See "Land Use" 

Characteristics Field ooservations* 

Step 3: IdentIfy and Forecast Intervening 
Factors 

Air Quality See techniques listed under "Air Qual- . See techniques listed under "Air Qual- 

ity" ity" 

Noise and Vibration See techniques listed under "Noise" See techniques listed under "Noise" 

Displacement See techniques listed under "Displace- See techniques listed under "Displace- 

ment" ment" 

Accessibility to Facilities See techniques listed under "Accessi- See techniques listed under Accessi- 
bility to Services and Facilities" bility to Services and Facilities" 

Step 4: Determine Magnitude of Impact 

Perceived Attributes, Positive and Research existing information Expert judgment 

Negative, of the Man-made and Expert judgment Expert panel (C) 
2- or 3-dimensional physical modelling . Natural Environment . Expert panel (C) 

Community input* - Location maps (A) - Renderings (B) - Retouched photos (B,C) - Mock-ups, models (B,C) 
Community input* 

Step 5: Ide,,tify and Forecast Recptors . User analysis based on Use existing receptors/users as proxy 

- Secondary data for future users 

- Survey interview techniques (C) User demand analysis based on demo- 

NI'S Historic & Archeological Data Bank graphic projections and user analysis 
NI'S Historic & Archeological Data Bank 

StepS: Determine Incidence of Impact User preference studies (C) . Analyze change in usage patterns; 

Community input* identify specific groups impacted 
Community input* 

Step 7: Identify and Forecast Standards/ 
Norms/Values 

Environmental review legislation 
(e.g., NEPA, CEQA) 
Agency administrative guidelines 
(e.g., 5610.B, FHPM 7-7-2) 
Historic/open space preservation 
legislation 
Local zoning codes 
Expert judgment 
Community input* 

Use existing standards as proxy for 
future standards. 

Steps: Determine SignificancOofImpact • comparison to legislation, guidelines, 	• Comparison to standards 
etc. 	 • Expert judgment 

Expert judgment 	 • Community input* 

Community input* 
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Impact 10 
Terrestrial Ecosystems 

General Description 
An ecosystem consists of the living organisms in 
an area and the non-living or abiotic environment 
(e.g., air, water, soil, etc.) with which they 
are inseparably interrelated.* Transportation-
related impacts to terrestrial ecosystems are 
generally of two types: direct impacts on plants 
and animals or their habitats--which occur in 
cutting, clearing and filling operations, or 
where animals are struck and killed by traffic; 
and indirect impacts--which occur where the 
facility causes air, noise or water pollution 
which affects an ecosystem. 

The analysis of impact is normally done in two 
stages: in the first, impacts on individual or-
ganisms are assessed; in the second, the cumula-
tive effects of these changes are traced through-
out the ecosystem to estimate changes in the 
well-being of the total ecosystem. The assess-
ment process is as follows: the existing ecosys-
tem with its biotic and abiotic elements is docu-
mented. Where secondary data is available (e.g., 
species lists, etc.), it should be used. If it 
is unavailable, ecological field survey and sam-
pling techniques are used; the level of effort 
can range from a simple site walk to carefully 
structured and statistically-based analysis. In 
general, the costs of obtaining detailed and 
site-specific data are high. 

The information on existing conditions are 
then used to classify the ecosystem and to dif-
ferentiate its subsystems. Commonly measured at-
tributes of the total ecosystem include a deter-
mination of the ecosystem's geographic-climatic 
life-zone, its stage of development (succession 
and climax cycle) and measures of its carrying 
capacity, diversity and stability. Comparison of 
these attributes to "expected" attributes based 
on analogous situations is used to provide a very 
rough estimate of the well-being of the area un-
der study. 

To estimate the future impact of a project, 
the consequences of changing the existing ecosys-
tem equilibrium are traced. Changes in indivi-
dual organisms as well as populations are esti-
mated by examining the life-support requirements 
for various plants and animals. The concepts of 
energy flow (food chain/food web analysis) or 
biogeochemical (nutrient) flow can be used to 
structure the impact analysis. These (largely 
descriptive) models are partial models, however, 
and expert judgment must integrate the informa-
tion to assess what will happen to the ecosystem 
as a whole. This is complicated by the fact that 
tolerance thresholds for various levels of pollu-
tants and environmental disruption have not yet 
been researched and established for plants and 
animals as firmly as has been done for human en-
vironmental health. 

Questions of impact incidence--who incurs the 
benefits or losses--are approached in a very gen-
eral manner in most environmental impact state-
ments since ecosystem impacts may affect many in-
dividuals and communities. Attempts have been 
made to identify groups who use specific ecologi-
cal areas for scientific, educational or recrea-
tional use. An economic analysis of the value 
lost when productive agricultural areas are taken 
has been done in some studies, but, methodologies 
in this area remain weak. 

Arguments about the significance of ecosystem 
impacts appear in three general forms--arguments 
that trace a particular impact to an undesirable 
natural environmental outcome (for example, the 
extinction of a plant or animal species); argu-
ments that trace an impact to direct individual 
or public health problems (for example, the con-
centration and transmission of DDT along the food 
chain); and third, more generalized arguments for 
a balanced environment in which man lives in har-
mony with nature. 

Where data is produced supporting arguments 
that ecosystem impacts are detrimental to human 
health, significance can be reasonably assessed. 
However, more general impacts on the total envi-
ronment are assessed differently by different 
cultures and economic groups. Expert judgment 
and community input are, at present, the most 
adequate means of arriving at an answer to the 
question "How important is the impact?" 

No-Action Alternative 
The no-action alternative will normally involve 
little or no construction activity. Thus, most 
ecosystem impacts will be caused by air, noise 
and water pollution effects. Where maintenance 
procedures involve the use of toxic deicing salts 
or defoliants, these should also be assessed. 
Except in areas where rapid land use change is 
expected, existing conditions can be used to ap-
proximate future conditions for no-action alter-
natives. Substantial effort should be given to 
the analysis of existing conditions, however, as 
existing drainage systems or maintenance proce-
dures may be the cause of significant and contin-
uing impact. 

Odum (1971) 
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Assessment Techniques 
Existing Conditions 
	 Future Conditions 

Step 1: Identify and Forecast Project 

Attributes 

• Physical/Design Characteristics Research existing information See "Transportation" 

• Traffic Characteristics 
• Maintenance Procedures 

Step 2: Identify and Forecast External 

Factors 

• Land Development Research existing information See "Land Use" 

• Plant and Animal Species Research existing information (e.g., Use existing conditions as proxy for 

species lists) future conditions 

Field survey/sampling* (B,C) 
Aerial photography interpretatiOn* 
(B, C) 

• Habitat Characteristics Research existing information Use existing conditions as proxy for 
Field survey* (B,C) future conditions 

Step 3: Identify and Fàrecast Intervening 
Factors 

o Erosion Field survey* 	(B,C) Erosion potential analysis (e.g., Uni- 
Erosion analysis (e.g., Universal Soil versal Soil Loss DjuatiOn)* (B) 
Loss Equation)* 	(B) 

• Effects of Toxic Pollutants on Field sampling (B,C) e Trend projection, based on maintenance 

Flora/Fauna procedures and traffic 

• Air Quality See techniques listed under "Air Qual- . See techniques listed under "Air Qual- 

ity" ity" 

• Noise See techniques listed under "Noise" See techniques listed under "Noise" 

• Water Quality See techniques listed under "Aquatic See techniques listed under "Aquatic 
Ecosystems - Water Quality" Ecosystems - Water Quality" 

Step 4: Determine Magnitude of Impact - 

• Effects on Individual Terrestrial Comparison of existing to expected Expert judgment on life support 

Organisms species; interpretation of existing impacts based on analysis of: 
transportation-related impact - food chain/food web* (B,C) 

- habitat requirements* 	(B,C). 

• Effects on Terrestrial Ecosystems Analysis of attributes of existing , Expert judgment on ecosystem impact 

ecosystems via: based on assessment of effects of 

- diversity analysis* 	(C) facility changes in ecosystem attri- 

- productivity analysis*  (C) butes 

- community and population analysis* Examination of analogous historical 

(B,C) cases involving similar impacts 
Map overlay to estimate acres of each 
habitat to be lost (A,B) 

Step 5: Identify and Forecast Receptors 	S User analysis User demand analysis (See "Population" 
and "Land Use" for projection tech-
niques) 

Step 6: Determinelncidence of Impact 	• Narrative description of groups or 	• Narrative description of impacts to 

communities dependent upon the 	 groups or communities dependent upon 

ecosystem 	 the ecosystem 

Stepl: Identify and Forecast Standards/ 	• Federal, state and local conservation/ 	• Use existing standards as proxy for 

Norms/Values 	
preservation legislation (e.g., rare 	future standards 

and endangered species lists) 	 • Community input* 

Community input* 

Step 8: Determine Significance of Impact • Expert judgment 
Community. input*. 

Expert judgment 
Community input* 
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Impact 11 
Aquatic Ecosystems 

An ecosystem consists of the living organisms in 
an area and their non-living or abiotic environ-
ment (e.g., air, water, soils, etc.) with which 
they are inseparably interrelated. Ecosystems 
are generally divided into land-based or terres-
trial ecosystems, and water-based or aquatic eco-
systems. This section deals with aquatic ecosys-
tems and water quality impacts. 

Aquatic ecosystem impacts are a function of 
changes in three areas--changes in water quality, 
changes in hydrologic characteristics (e.g., 
groundwater and surfacewater flow) and changes in 
land form. Changes in these three areas are the 
result of construction, maintenance (e.g., use of 
deicing salts), and pollutants from traffic 
(e.g., oil, gasoline spills, asbestos, heavy 
metals, and litter, etc.). The major external 
factor considered when assessing aquatic ecosys-
tem impacts is land use development within the 
watershed. 

General Description 
A. Water Quality 
The majority of transportation-related impacts to 
aquatic ecosystems are water quality changes; a 
lesser number relate to changes in water flow or 
landform. Because water quality changes account 
for many aquatic ecosystem impacts, water quality 
is treated here as a separate topic area. 

Changes in water quality are caused by con-
struction, maintenance procedures, or traffic-
generated pollutants. Construction effects on 
water quality involve erosion and sedementation 
and are often the most significant impact. A 
number of adequate techniques are available to 
estimate the erosion potential of an area which 
will undergo construction activity. The calcula-
tion of how much of the eroded material will 
reach surface waters is based on very rough mea-
sures and expert judgment. 

Serious water quality problems are also caused 
by man-made pollutants that are carried by run 
off into surface waters or which infiltrate into 
groundwater. For assessment, two estimates must 
be made; first, an estimate of the type and quan-
tity of pollutants that will be deposited on the 
roadway--data on this is sketchy except for in-
formation on the use of deicing salts and defoli-
ants for maintenance. Second, estimates must be 
made of the type and quantity of pollutants which 
actually reach water bodies. For groundwater 
analysis, good data is normally available on the 
filtration effects of various soils, but little 
data may be available on the hydrogeologic char-
acteristics of the.area. For surface water anal-
ysis, the opposite is more often the case: lit-
tle will be known about the filtering effects of 
surface vegetation, but much may be known about  

the natural and man-made drainage or runoff sys-
tems. Estimates of pollutant migration tend to 
be weak. 

There is no single measure of water quality; 
several attributes are commonly measured (e.g., 
chemical make-up, amount of particulate matter in 
suspension, dissolved oxygen content, tempera-
ture, etc.). Standardized laboratory analysis 
techniques are available to measure existing 
water quality. Estimates of future water quality 
are, for the most part, based on extrapolation of 
existing conditions adjusted by expert judgment. 
Mathematical modelling techniques are currently 
being developed in this area. 

The incidence of water quality impact can be 
analyzed in terms of the effects on water con-
sumers--residential households, industry, agri-
culture, etc., if severe impacts are anticipated. 
In each of these cases, estimates can be made of 
the costs involved in purifying water to accep-
table standards. This approach is weakest when 
changes in water quality affect recreational use 
of surface waters. 

Impact significance is determined by comparing 
projected future water quality to acceptable 
standards. 

No-Action Alternative 
The same techniques used to analyze build alter-
native impacts to water quality can be used to 
analyze the no-action alternative. In the case 
of most maintenance alternatives, analysis will 
be simplified because there will be no construc-
tion activity and the runoff/infiltration pat-
terns will be known and can be measured. The ex-
isting facility drainage system should be ana-
lyzed carefully, however, since runoff may be 
causing significant impact at present; even if no 
changes are made under a maintenance alternative, 
significant future impact may occur. 
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Assessment Techniques 
Existing Conditions 
	

Future Conditions 

Step 1: Identify and Forecast Prnject 
Attributes 

Physical/Design Characteristics 
Maintenance 
Traffic Characteristics 

Research existing information See "Transportation" 

Step 2: Identify and Forecast External 
Factors 

. Rainfall 	 • Research existing information 

Land Use Development W1thin Water- 	• Research existing information 
shed 	 • Aerial photo analysis (B,C) 

Area Hydrologic Characteristics 	• Research existing information (e.g., 
U.S. Geologic Survey) 

Step 3: Identify and Forecast Intervening 
Factors 

Erosion/Sedimentation 	 • Field survey 
. Erosion potential analysis (B,C) 

Use existing conditions as proxy for 
future conditions 

See "Land Use" 

Use existing conditions as proxy for 
future conditions except where devel-
opment within the watershed is ex-
pected to produce significant change 

Expert judgment 
Erosion potential analysis (B,C) 
Experiemental scale modeling (C) 

e Pollutant Runoff/Infiltration 

o aquifer Recharge/Groundwater Form 

Surface Water Flow 

Step 4: Determine Magnitude of Impact 

Step 5: Identify and Forecast Receptors 

Step 6: Determine Incidence of Impact  

S Field sampling 

Research existing information 
Field survey 

Field survey 

Analysis of water quality attributes 
based on: 
- Biological/chemical oxygen demand 

analysis (B,C) 
- Temperature analysis (B,C) 
- Chemical analysis (B,C) 
- Biological indicators analysis (B,C) 
- Turbidity index (B,C) 
- Pollutant retention time analysis 
(B,C) 
(See Water Quality Analysis Tech-
niques) * 

Water user analysis 
- Research existing information 
- Survey (C) (e.g., residential, 

agricultural, industrial, 
recreational users, etc.) 

Narrative description of groups and 
communities using the ecosystem 

Expert judgment 
Permeability analysis 

Expert judgment 

Expert judgment 
Stream hydrology analysis (C) 

Expert judgment based on extrapolation 
of expected water quality attributes 
Historical •case analogy to previously 
impacted water systems 

Estimate water demand based on antici-
pated growth patterns in area. See 
"Population" and "Land Use" 

Narrative description of impacts to 
groups and communities using the eco-
system 

Step 7: Identify and Forecast Standa,ds/ 	• Federal, state and local water quality 	• Use existing standards as proxy for 

Norms/Values 	 standards 	 future standards 
Community input 

Step 8: Determine Significance of Impact , Comparison to standards 
	 • Comparison to standards 

Expert judgment 
	 • Expert judgment 

Community input 
	

• Community input 
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impact 11 
Aquatic Ecosystems (continued) 

General Description 
B. Aquatic Ecosystems 
Assessment is normally done in two stages: in 
the first, an assessment of the impact on indivi-
dual organisms is made; in the second, the cumu-
lative effects of these changes are traced 
throughout the ecosystem to estimate changes in 
the well-being of the total ecosystem. M dIs-
cussed under terrestrial ecosystems, the tech-
niques available to do these analyses are largely 
limited to descriptive models of the ecosystem 
and its subsystems; thus, estimates of future 
conditions are grounded on expert judgment. As-
sessment is almost always done in terms of 
changes with respect to existing conditions. The 
existing organisms and the structure of the eco-
system are documented, and the probable effects 
induced by changes in water quality, changes in 
hydrologic characteristics, or changes in land 
form are traced out to estimate future conditions. 

Changes in individual organisms as well as 
changes in populations can be estimated by exam-
ining the life support requirements for aquatic 
plants and animals. The concept of energy flow 
(food chain/ food web analysis) or biogeochemical 
(nutrient) flow can be used to structure the im-
pact analysis. Again, the models are for the 
most part descriptive and are limited in scope; 
professional judgment must be used to integrate 
the information and to assess what will happen to 
the ecosystem as a whole. Measures of the eco-
system's diversity and energy (gross productiv-
ity) are used to describe overall ecosystem con-
ditions, but are difficult and expensive to ob-
tain. 

Questions of incidence--who incurs the bene-
fits or lc'sses--are approached in a very general 
manner in environmental impact statements. Most 
statements attempt at a minimum to identify cur-
rent and future users of affected area relying 
on expert judgment and community input to iden-
tify and assess incidence. 

Arguments about the significance of ecosystem 
impacts appear in three general forms--arguments 
that trace a particular impact to an undesirable 
natural environmental outcome (for example, the 
extinction of a plant or animal species); argu-
ments that trace an impact to direct individual 
or public health problems (for example, the con-
centration and transmission of DDT along the food 
chain); and third, more generalized arguments for 
a balanced environment in which man lives in har-
mony with nature. 

Where data is produced supporting arguments 
that ecosystem impacts are detrimental to human 
health or welfare, significance can be reasonably 
assessed. However, more general impacts on the 
total environment are assessed differently by 

different cultures and economic groups. Expert 
judgment and community are, at present, the most 
adequate means of arriving at an answer to the 

/question "How important is the impact?" 

No-Action Alternative 
The no-action alternative will normally involve 
little or no construction activity. Thus, most 
ecosystem impacts will be caused by pollution ef-
fects. Where maintained procedures involve the 
use of toxic deicing salts or defoliants, these 
should be assessed. Except in areas where rapid 
land use change is expected, existing conditions 
can be used to approximate future conditions for 
no action (maintenance) alternatives. Substan-
tial effort should be given to the analysis of 
existing conditions, however, as existing drain-
age systems or maintenance procedures may be the 
cause of significant and continuing impact. 
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Assessment Techniques 

Step 1: Identify and Forecast Project 
Attributes 

Physical/Design Characteristics 
Maintenance Procedures 
Traffic Characteristics 

Step 2: Identify and Forecast External 
Factors 

Area Hydrologic Characteristics 

Land Development in Affected Water-
shed 

I Species Characteristics 

Groundwater Flow 

Surface Water Flow & Channel Form 

. Water Quality 

Step 4: Determine Magnitude of Impact 

• 	Effects on Individual Aquatic 
Organisms 

Effects on Aquatic Ecosystems 

Step 5: Identify and Forecast Receptors 

Existing Conditions 

Research existing information 

Research existing information (e.g.. 
US Geological Survey) 
Field survey* 

Research existing information 
Aerial photo analysis* 

Research existing information (e.g., 
species lists) 
Field salnpling* 

Research existing information 
Field survey* 

Research existing information 
Field survey 

See techniques listed under "Aquatic 
Ecosystems - Water Quality" 

Comparison of existing to expected 
species; expert interpretation of 
existing transportation-related impact 

Analysis of attributes of existing 
ecosystems: 
- Diversity analysis* 
- Productivity analysis* 
- Community and population analysis*  

Future Conditions 

See "Transportation" 

Use existing conditions as proxy for 
future conditions 

See 'Land Use" 

Use existing conditions as proxy for 
future conditions 

Expert judgment 
Permeability analysis* 

Expert judgment 

Expert judgment 
Stream hydrology analysis* 

See techniques listed under "Aquatic 
Ecosystems - Water Quality" 

Expert judgment on the life-support 
impacts based on: 
- Food chain/food web (energy) 

analysis* 
- Biogeochemical (nutrient) analysis* 

Expert judgment on ecosystem impact 
based on assessment of effects of 
facility changes or ecosystem attri-
butes 
Case analogy to previously impacted 
areas of similar ecosystem structure 

Step 3: Identify and Forecast Intervening 
Factors 

Aquifer Recharge 	 • Research existing information 
Field survey* 

User analysis 	 • User demand analysis; (See "Popula- 
Community input* 	 tion" and "Land Use" 
Expert judgment 	 • Community input* 

e Expert judgment 

Step 6: Determine Incidence of Impact 	• Narrative description of groups using 	• Narrative description of impacts to 
the ecosystem 	 groups using the ecosystem 
Community input* 	 • Community input* 

Step 7: Identify and Forecast Standards/ 	• Federal, state and local legislation/ 	S Use existing standards as proxy for 

Norms/ Values 	 guidelines (e.g., Clean Water Act, 	 future standards 
Wetland Preservation Act, Coastal Zone 
Management, Endangered Species Lists) 
Community input* 	 • Community input* 

Step 8: Determine Significance of Impact Expert judgment 
Community input* 

Expert judgment 
Community input* 
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Impact 12 
Air Quality 

General Description 
Air pollutants fall into two general groups: 
gaseous pollutants such as carbon monoxide (CO), 
unburned bydrocarbons (BC), nitrogen oxides 
(NOx), sulphur oxides (SOs), and photochemi-
cal oxidants; and particulate pollutants--carbon 
particles, lead compounds, vaporized motor oils, 
rubber, asbestos, and metals. Dust generated by 
construction activity and traffic movement is 
also considered in assessing air quality impacts. 
Excessive concentrations of these air pollutants 
in the atmosphere are injurious to human health 
and welfare, to wildlife, vegetation, water qual-
ity and climate. 

Air pollution levels are dependent upon three 
factors--the emission rates for pollutants from 
mobile sources (primarily automobiles, buses, and 
trucks), and from stationary sources (industrial 
processes, power plants, gasoline-service sta-
tions, etc.); the chemical interactions of pollu-
tants and other gases in the atmosphere; and 
third, the meteorological dispersion of pollu-
tants and particulates. The most important fac-
tors for transportation project assessment are 
the emissions from vehicles and the meteorologi-
cal dispersion of pollutants. Emission rates are 
established.by  sampling and direct measurement of 
the pollutants emitted by various types of vehi-
cles. Forecasting of future traffic emissions is 
then done by summing the emissions for expected 
future traffic volumes. Adjustments are made for 
the mix and speed of vehicles, for the mechanical 
deterioration of anti-pollution devices and ex-
pected technological improvements. This aspect 
of air pollution assessment is well understood; 
substantial data and numerous techniques are cur-
rently available. These techniques are reliable 
and generally valid. 

The meteorological dispersion of pollutants is 
less well understood. Although the physics of 
air pollutant dispersion can be accurately 
modelled for relatively simple combinations of 
topography, meteorology and emission sources (for 
example, flat areas, steady winds perpendicular 
to a road with a continuous linear flow of traf-
fic), much more complicated situations have not 
been satisfactorily abstracted. Current practice 
is to assess dispersion effects at two scales--
regional and local. Regional macroscale impact 
is calculated in terms of overall burden (milli-
grams per cubic meter) while local (microscale) 
impact is generally expressed in terms of pollu-
tant concentrations (parts per million) at speci-
fic distances from the facility. A number of 
techniques for modelling regional and local dis-
persion of air pollutants are available--they 
range from simple nomograph estimation techniques 
to computerized models, some of which are adapted 
to complex urban environments. 

The incidence of air pollutant impacts is ef-
fectively displayed by mapping isoquants of pol-
lutant concentrations on maps of sensitive recep-
tors within the surrounding land uses and calcu-
lating exposure for people in those areas, or 
performing a similar calculation by environmental 
quality zones. 

The significance of the impact--insofar as it 
affects human health and welfare--can be deter-
mined by comparing pollutant concentrations and 
exposure rates to established health standards. 

No-Action Alternative 
The methodologies generally available and used to 
assess the air quality impacts of build alterna-
tives are directly applicable to the analysis of 
the no action alternative. Several concerns 
should be noted: 

Existing air pollution levels may be near or 
above acceptable public health levels; in that 
case, future traffic growth alone may precipi-
tate problems, regardless of whether an action 
is taken. The air quality impacts of the 
maintenance alternative should be compared to 
existing air pollution levels to document this. 

Traffic buildup across a number of local 
streets may cause impacts to a wider popula-
tion area than traffic concentrated in a new 
or upgraded corridor. Many current studies 
fail to capture this effect in their analysis 
because they narrowly define the no action al-
ternative to include only existing roads in 
the same location or adjacent to the proposed 
facility. To avoid this, air pollution ef-
fects should be modelled for all areas that 
would be significantly affected by congestion 
(in the case of a no action decision) or level 
of service change (e.g., where traffic is di-
verted to a new facility in the case of a 
build decision). 

Development plans involving sensitive recep-
tors (e.g., schools, hospitals, recreation/ 
sports areas, etc.) should be examined care-
fully to determine who will be exposed to fu-
ture air pollution impacts. Land use patterns 
may differ for build and no-action alterna-
tives; both should be evaluated against future 
air quality. 

Legislative standards and measurement tech-
niques are changing very rapidly in this field 
and will continue to effect both pollution le-
vel standards and ways of estimating existing 
and future levels. 
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Assessment Techniques 
Existing Conditions 
	

Future Coflditions 

Step 1: Identify and Forecast Project 
Atbibutes 

Traffic Characteristics 
Physical/Design Characteristics 

Step 2: Identify and Forecast External 
Factors 

Local/Regional Meteorological Con-
ditions 

Anti-Pollution/Emission Control 
Technology 

Regional Stationary and Mobil Air 
Pollution Sources 

, Research existing information 

Research existing information 

Research existing information 
Instrument monitoring* 

Research existing information 
Instrument monitoring* 

See "Transportation" 

Use existing conditions as proxy for 
future conditions 

Review probable technological changes 
and proposed legislative regulations 
(Rely on EPA factors) (C) 

Use existing conditions as proxy for 
future conditions unless significant 
change is anticipated; if so, see 
"Land Use" 

Step 3: Identify and Forecast Intervening • Not applicable 	 • Not applicable 

Factors 

Step 4: DetermineMagnitude of Impact 	• Research existing information 	 Regional Scale: 
On-site instrument monitoring* 	 • California DPW burden model*  (B,C) 

Modified rollback computer program* 
(B,C) 
APRAC-lA model* (C) 
SAPOLLUT air model*  (C) 

Local Scale: 
California line source model* (B) 
FHWA simplified carbon monoxide analy-
sis technique* (A,B) 
HIWAY program* (B,C) 
HIAP program*  (B,C) 
AIRPOL 4A*  (B,C) 

Step5:Identify and Forecast RecePtO1s 	• Research existing information (e.g., 	• See "Population" and "Land Use" 
U.S. Census) 

Step 6: Determine Incidence of Impact 

Step 7: Identify and Forecast Standards/ 
Norms/Values 

Regional Scale: 
Environmental quality zone analysis* 
(B,C) 

Local Scale: 
Environmental quality zone analysis* 
(B,C) 
Graphic overlay of pollutant concen-
tration isoquants on existing popula-
tion/land use maps (see Isopleth map-
ping)* (B) 

Federal and state air quality stan-
dards (e.g., EPA Publication AP-42, 
Supplement 8) 

Regional Scale: 
Environmental qualityzone analysis* 
(B ,C) 

Local Scale: 
Environmental quality zone analysis* 
(B,C) 
Graphic overlay of pollutant concen-
tration isoquants on future popula-
tion/land use maps (see Isopleth map-
ping)* (B) 

Use existing standards as proxy for 
future standards unless significant 
change is anticipated 

Step8:DetermineSigniflcanceofImpact • Comparison to air quality standards 
	• Comparison to air quality standards 

Expert judgment 
	 • Expert judgment 

Community input* 
	 • Community input* 
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Impact 13 
Noise 

General Description 
Transportation noise impact deals with the sounds 
generated by cars, buses, trucks, and transit 
vehicles. The major sources of transportation 
noise are engine and exhaust sounds; secondary 
sources include the sounds generated by tire 
treads on pavement, or wheels on rails; and the 
more random sounds from horns, sirens, etc. 
Where construction is involved, the short-term 
noise impacts from construction activities are 
also considered. Excessive noise has a negative 
physiological effect on both people and animals. 
Effects may range from minor annoyance to inter-
ference with sleep, speech, or in the case of ex-
treme noise, to hearing loss. People in residen-
tial areas, recreation areas, hospitals, schools, 
etc., are particularly vulnerable to high noise 
levels and thus demand special attention in noise 
level analysis. 

Noise can be measured directly in terms of 
decibels (dB) of sound pressure experienced at 
given distances from the noise source. These are 
usually expressed as A-weighted decibels (dBA) to 
approximate the actual range of sounds perceived 
by the human ear. 

The phenomena "9f transportation noise genera-
tion and propagation are well understood. For 
highways, noise levels are calculated as a func-
tion of traffic flow, highway design, and mix of 
vehicles. To determine future noise levels, each 
of these factors is projected and the data used 
as inputs to one of a number of simulation or 
modelling techniques. These techniques are reli-
able and generally valid; they range from simple 
nomograph estimation techniques to sophisticated 
computerized models. The more refined models al-
low simulation of the effects of noise abatement 
measures such as the use of acoustical barriers 
and the effects of depressing or elevating sec- - 
tions of a highway or transit facility. 

The incidence of transportation noise is ana-
lyzed by mapping dBA isoquants on maps of sur-
rounding land uses and/or calculating the expo-
sure for people in the area. Because transporta-
tion noise fluctuates, a dBA L10 rating is often 
specified, representing noise levels exceeded 10 
percent of the time. 

The significance of noise impacts is assessed 
by comparing predicted noise levels to standards 
based on public health research. While public 
health standards indicate the point at which 
noise levels become a health hazard, it is impor-
tant to note that significant impacts can be felt 
without exceeding those standards. In some cases 
those impacts will require mitigating measures as 
part of the design phase. 

No-Action Alternative 
The methodologies available and used to assess 
the noise impact of bui1d alternatives are di-
rectly applicable to the analysis of the noac-
tion alternative. Analysts should be aware of 
the following issues: 

Existing noise levels may be near or above ac-
ceptable levels; future traffic growth alone 
may precipitate problems, regardless of 
whether a build or no-action decision is 
taken. The noise impacts of the maintenance 
alternative should be compared to existing 
noise levels to document this. Existing noise 
levels can be obtained directly by on-site in-
strument monitoring or by applying data on ex-
isting traffic flow, etc., to one of the noise 
simulation techniques. 

Traffic build-up across a series of local 
streets may impact a wider population than 
traffic concentrations in a new or upgraded 
corridor. A no-action decision may imply dis-
persion of traffic beyond the immediate study 
corridor; these roads must, therefore, be in-
cluded within the scope of the analysis. The 
difficulties encountered here are problems 
with the transportation demand forecasting 
process (in particular, those problems in-
volved in assigning traffic flows to various 
link segments and modes within the transporta-
tion network) not in the noise prediction 
methodologies. 

Development plans involving sensitive recep-
tors (i.e., schools, hospitals, etc.) should 
be examined carefully--especially when esti-
mating long-range impact--to determine who 
will be exposed to noise impact. Future land 
use patterns may differ for build and no-ac-
tion alternatives. 
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Assessment Techniques  
Existing Conditions Future Conditions 

Step 1: Identify and Forecast Project 
Attributes 

e Physical/Design Characteristics Research existing information See "Transportation" 
Traffic Characteristics 

Step 2: Identify and Forecast External 
Factors 

Muffler, Tire Tread & Pavement Research existing information Review probable technological changes 
Characteristics and proposed legislative regulations 

Topography, Vegetation, Structures Field observation* Estimate future land use 
Aerial photography* 

Step 3: Identify and Forecast Intervening 
Factors 

Non-Transportation Noise Sources Research existing information Use existing conditions as proxy for 
(e.g., case where facility is near , On-site instrument monitoring* future conditions unless significant 
airport land use, technological, or legisla- 

tive change is anticipated 

Step 4: Determine Magnitude of Impact Research existing information NCHRP Noise Forecast Model* 
On-site instrument monitoring - Simplified program*  (A) 

- Standard program* (B) 
- Computerized program* 	(B,C) 
Transportation Systems Center Model* 
- Nomograph* (A,B) 
- Computerized program* (C) 
SAPOLLUT Noise Model*  (B,C) 
HIAP Prograrn* 	(B,C) 

Step 5: Identify and Forecast Receptors .Research existing information (e.g., See "Population" and "Land Use" 
U.S. Census) 

Step 6: Determine Incidence of Impact Identify sensitive receptors Identify sensitive receptors 
Graphic overlay of dBA.isoquants on Graphic overlay of dBA isoquants on 
land use/population maps (see Isopleth land use/population maps (see Isopleth 
napping) * mapping) * 
Noise exposure analysis*  (C) Noise exposure analysis* (C) 

Stepl: Identify and Forecast Standards/ FHWA:PPM 90-2 	(FHPM 7;7;3) Use existing standards as a proxy for 

Norms/Values MUD Circular 1390.2 future standards unless significant 
EPA Noise Standards technological or legislative changes 

are anticipated. 

Step 8: Determine Significance of Impact • Comparison to noise level standards 	• Comparison to noise level standards 
Noise impact index* 	 • Determination of increase in noise 
Expert judgment 	 level and duration of increased level 
Community input* 	 • Noise impact index*  (B) 

Expert judgment 
Community input* 
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evaluation or .. Evaluation is the application of methods and criteria 
Fr mkinri t'hrt 	vnrwlrT 1rnu 	Tt is 

- 	 ate and distinct process from impact assessment; while 

Alternatives 	the purpose of impact assessment is to identify and 
assess the consequences of each alterantive, the ob-
jective of evaluation is to organize and display that 
information so that comparisons can be made among al-
ternatives and decisions made on the action to take. 

There are two general approaches to evaluation, scor-
ing or ranking techniques and balance sheet methods. 
Scoring techniques are based on the concept of optimi-
zation: the consequences of each alternative are 
evaluated against a set of established objectives, 
with each alternative given a numerical rating based 
on its ability to attain the objectives. The scores 
for the alternatives are then compared to determine a 
"best" or optional alternative. Cost/bénéf it analysis 
is a scoring technique in which positive and negative 
impacts are scored using a common unit of measure, 
usually dollars. This allows for a more sophisticated 
comparison, since the optimum alternative may be de-
fined in several different ways: for example, (1) as 
the least costly alternative for a given level of 
benefits; (2) as the most beneficial alternative for a 
given level of cost; or (3) as the alternative which 
has the greatest ratio between total benefits and 
total costs. Additional flexibility can be gained by 
"weighting" specific impact categories--for example, 
valuing park land at twice the value of commercial or 
residential property. 

The balance sheet method of evaluation is considerably 
less sophisticated. It displays the impacts of each 
alternative and shows the incidence in tabular or 
matrix form but does not attempt to use a common unit 
of measure. or to weight and rank alternatives. Each 
reviewer or decision-maker must apply his or her own 
set of objectives and weights to determine the best 
alternative. 

Both approaches have been widely applied in transpor-
tation planning, and the inclusion of.a no-action al-
ternative is compatible with either. In both, it 
serves as a benchmark against which the other alterna-
tives can be evaluated. Although either technique can 
be used in evaluation, these Guidelines recommend the 
balance sheet method. To a large degree, the prefer-
ence for this approach stems from the practical and 
political problems involved in evaluating transporta-
tion projects. 

The major concern is political accountability. While 
evaluation techniques can make the process more objec-
tive and rational, the selection of the "best" alter-
native is ultimately a political act; that is, it de- 
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pends on the evaluator's judgment about the relative 
significance of different impacts and his or her con-
cept of an acceptable or equitable distribution of 
those impacts. A decision to favor one alternative 
over another may require, for example, a value judg-
ment that so many more minutes of travel time saved is 
"worth" taking a certain number of houses. Because 
transportation projects have many complex and often 
severe impacts, there are a great number of such. 
trade-offs. The problem is, whose value judgments are 
to be used, and who is accountable for these judgments  

In scoring or ranking techniques, this responsibility 
generally falls on the transportation planner or engi-
neer who must make thecalculations. This may be ac-
ceptable on small projects where design and engineer-
ing considerations are paramount, but not for complex 
or controversial projects with social, economic or en-
vironmental impacts outside the planner's or the 
agency's scope of competency and political account-
ability. A set of goals or objectives reflecting the 
wider public interest can be established at the begin-
fling of the planning process to guide the planner or 
an agency in ranking alternatives. However, there is 
rarely complete consensus on objectives; moreover, 
priorities and objectives are likely to change as im-
pacts are identified and assessed. Where no single 
measure of the public interest can be agreed, there is 
no way for a transportation planner to apply numerical 
scoring or ranking techniques without making political 
value judgments. 

The balance sheet method is recommended because it 
avoids this pitfall by stopping short of an attempt to 
derive a total scoring or ranking of alternatives. 
The balance sheet displays information on the magni-
tude, incidence and significance (where standards ex-
ist), but requires each reviewer to superimpose his or 
her own objectives and values to choose the "best" al-
ternative. Although there is a loss of efficiency, 
this approach ensures that all those concerned about 
the project can evaluate it on their own terms. 

The key to effective use of the balance sheet techni-
que is a clear treatment of the incidence of impact, 
an acknowledgment that impacts affect various groups 
differently. If incidence of impact is displayed in a 
clear format, each interest group can determine for 
itself how the project will affect it and thus take an 
informed position in support or opposition to the pro-
ject. This discounts the notion of a common public 
interest, but aids the decision-maker in understanding 
who gains and who loses and the trade-offs that will 
be required to gain majority support for the project. 
Since this approach depends heavily on a community 
participation and review process, it is well-suited to 

72 



transportation projects, which must meet strinqent re-
quirements for public involvement, interagency review 
and environmental impact documentation. 

A secondary concern is the problem of impact measure-
ment. Scoring and ranking techniques, particularly 
cost/benefit analysis, require the translation of im-
pacts into number or dollar equivalents. Although 
this is conceptually elegant and makes direct compari-
son,  easier, it restricts the ability to respond to 
non-quantifiable impacts. Transformation functions 
can be used in some cases--for example, social disrup-
tion to a neighborhood can be measured by using the 
number of housing units taken or the value of housing 
taken as a proxy. However, many impacts--aesthetics, 
community cohesion and environmental ecosystems ef-
fects--are difficult to quantify, much less cost in 
dollars. As a result, cost/benefit evaluations tend 
to overlook these impacts. Balance sheet techniques, 
which do not require quantification or costing of all 
impacts, are thus preferred. 

- 

The conditions that must be met for adequate plan 
evaluation are summarized below: 

Impacts should be related to the stated goals or 
objectives of the project. 

All significant impact categories identified for 
any one alternative must be included in the common 
evaluation process for all alternatives; this in-
cludes the no action alternative. 

. Among alternatives, individual impact categories 
should be treated at an equivalent level of detail 
and for equivalent areal and temporal scales. 

All impacts should be expressed--initially--in the 
metric which most clearly illustrates the magni-
tude of the impact; conversion of non-monetary im-
pacts to a monetary basis should be avoided. 

The incidence of impacts on groups and areas 
should be identified for all impact categories. 

Standards, values or, norms which can be used to 
assess the significance of an impact should be in-
dicated where they are commonly accepted or re-
quired by law. 

Uncertainties or probabilities associated with im-
pacts 

m
pacts should be expressed for each category. 

The sensitivity of key impacts to variation in the 
major characteristics of alternatives should be 
indicated. 

Figure 7 summarizes the evaluation process utilizing 
the planning balance sheet method. 
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Figuie 7: 
Illustrative Format for 
Evaluation of 
Alternatives: Planning 
Balance Sheet Techniques 

ALTERNATIVES 

EXISTING IMPACT CATEGORY 	 OBJECTIVES No Action 	Minor 	Major 
CONDITIONS (Maintenance) 	Alternative 	Alternative 

Alternative 

I 	I I 	I 	I 	I I 	I 	I 	I 
Community Cohesion 

N.J Show groups or locations 

Accessibility of 1 affected by impact. 

Displacement of People 
- I Show magnitude of impact. 

Employment, Income and \I expressed either as an absolute 
Business Activity V value or as an incremental change 

from existing conditons. 

Residential Activity 
Norms/standards! 

Effects on Property 	values. against 
Taxes 	 which existing or 

future conditions - 
Regional and counity 	are to be 

V 

V 

Plans and Growth 	 measured. 

Resources 	 . V 

V 

Environmental Design, V 	 V 

Aesthetics and Historic 
Values V  

Terrestrial Ecosystems 	V  

V 	
11. Aquatic Ecosystems V 

Air Quality V V 	V  

Noise 

V 	 V 	 V 
V 
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Appendix A 

Techniques 
Dictionary.  

The Dictionary is a compendium of impact assessment 
techniques cited (*) in the yellow page Techniques 
Tables, Chapter Two. 

Entries are in alphabetical order. 
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ACCESSIBILITY INDICES - 
SPIAL AREA ANALYSIS 

General Description--A mathematical 
modelling technique which calculates 
accessibility between specified origin 
and destination zones for existing and 
future conditions. This is one model 
of a series of analysis routines de-
veloped by DOT in the Special Area 
Analysis Program. 

Inputs/Outputs--Inputs, organized by 
zone, include population, employment 
and location of defined activity cen-
ters (CBD, airport, medical, educa-
tional, recreational and employment). 
The program provides travel time skim 
trees for automobile and transit. 
Outputs are travel times or isochrones 
to the defined activity centers for 
various populations (graphic or 
tabular output). 

Comment--If data are available in the 
proper format, this is a useful tech-
nique for testing regional scale ag-
gregate accessibility effects; the al-
ternatives tested must be signif i-
cantly different. The model is not 
sensible to small scale corridor or 
local assessments. 

References 

U.S. Department of Transportation, 
Federal Highway Administration. fpe7 
cial Area Analysis. August, 1973. 

ADVANCED TRAFFIC ASSIGNMENT TBHNIJ ES 

General Description--Mathematical 
modelling techniques used to predict 
link traffic volumes under congested 
conditions. These techniques incor-
porate peak period assignments by di-
rection and/or purpose with stochastic 
assignment or capacity restraint ap-
proaches to approximate trip paths. 

Inputs/Outputs--Inputs are either trip 
tables by purpose or separate produc-
tion and distribution tables to pre-
serve directionality. Outputs are 
approximations of link volumes under 
congested conditions. 

Comment--These methods are useful for 
analysis of complex urban road net-
works. Techniques are still under de-
velopment. 

References 

Dial, Robert B. "A Probabilistic Mul-
ti-Path Traffic Model which Obviates 
Path umeration," Capital Transporta-
tion Research 5(1974)83-111. 

U.S. Department of Transportation, Ur-
ban Mass Transit Administration. Ur-
ban Transportation Planning System 
(UTPS) (UROAD). 

Wohl, M. "A Methodology for Forecast-
ing Peak and Off-Peak Travel Volumes," 
Highway Research Record 322(1970). 

ANAlOGOUS CASE METHOD 

General Description--A modelling tech-
nique that uses experience in related 
projects and/or areas to provide in-
sights into the likely impacts and 
their resolution for current projects. 
Involves study of conclusions drawn 
from comparable cases, and identifica-
tion of generalizable impacts which 
can be applied to the project in 
question. 

Inputs/Outputs--Inputs are the anal-
yst's questions; outputs are the data 
and observations related to analogous 
cases. There is a large amount of 
data available because of the large 
number of highway and transit impact 
studies conducted. 

Comment--This method is widely used in 
the analysis of social, economic and 
environmental impacts, particularly in 
situations where impacts do not lend 
themselves to quantitative measure-
ment. It is an important tool, inas-
much as extensive data, based on pre-
vious experience does exist in areas 
such as displacement/relocation, aes-
thetics, community response to high-
ways, etc. Professional judgment will 
be required to determine what findings 
or cases are transferrable to the pro- 
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iect in question; analysts should be 
cautious in making assumptions about 
cause and effect relationships, and 
about direct transferrability of find-
i ng s. 

References 

U.S. Department of Transportation, 
Federal Highway Administration. So-
cial and Economic Effects of Highways, 
Washington, D.C.: U.S. Government 
Printing Office, 1976. 

Winfrey, Robley and Zellñer. 'Summary 
and Evaluation of Economic Coñse-
quencesof Highway Improvements. 
(NCHRP Report No. 122) Washington, 
D.C.: Highway Research Board, 1971. 

James Q. Wilson (ed.). Urban Renewal: 
The Record and the Controversy. Cam-
bridge, Ma.: Joint Center for Urban 
Studies, MIT and Harvard University, 
MIT Press, 1966. 

- 

U.S. Department of Transportation, 
Federal Highway Administration. So-
cial Impacts: Evaluation of Highway 
Project Development in Urban Residen-
tial Areas. August 1975. 

APRAC-1A AIR QUALITY MODELS 

General Description--A mathematical 
modelling technique used to simulate 
future air quality conditions. APRAC-
1A is a computerized model which will 
predict carbon monoxide concentrations 
at specific locations for highway net-
works It is in the process of being 
updated; the newer version--APRAC-MOD--
will soon be available. 

Inputs/Outputs--Given meteorological 
and traffic data, APRAC-1A will pre-
dict the total regional burden of car-
bon monoxide and carbon monoxide con-
centration at specific sites. The 
concentrations are estimated by sum-
ming three types of pollutant diffu-
sion: extra-urban, intra-urban, and 
street canyon effects. Submodels will 
predict carbon monoxide concentration 
frequency distributions and geographi- 

cal carbon monoxide concentration dis-
tributions that can be conve'rtedto an 
isopleth (contour) map. 

Comment--This is primarily a diffusion 
model. It is suited to complex urban 
environments. Substantial data are 
needed. 

thdwig, F.L. and others. A Practical 
MuLtipurpose Urban Diffusion Model for 
Carbon Monoxide. Stanford Research 
Institute. Menlo Park, Ca., 1972. 

BIOGEXDCH4ICAL (NUTRIENT) ANALYSIS 

General Description--A descriptive 
modelling technique used to estimate 
impacts on terrestrial or aquatic eco-
systems. 

co
systems. The technique involves the 
measurement and tracing of nutrient 
flows through an ecosystem. In a lim-
ited number of cases where the flows 
can be accurately quantified, mathema-
tical models have been constructed. 

Inputs/Outputs--Varies with the spe-
cies and ecosystems being analyzed; 
for terrestrial ecosystems, analysis 
requires data on soil erosion pat-
terns, soil fertility and the nutrient 
demand of vegetative community types. 

Comments--Requires in-depth study. 
When used as a descriptive model, re-
lies on extrapolation of existing con-
ditions and professional judgment. 

Rafarpne-ac  

Bormann, F.H. and Likens, G.E. "Nu-
trient Cycling," Science 155(1967) 
424-249. 

Bormann, F.H. and others. "The Ebcport 
of Nutrients and Recovery of Stable 
Conditions Following Deforestation at 
Hubbard Brook," Ecology Manual 44-3 
(1974) 255- 277. 

Odum', E.P. Fundamentals of Ecology. 
Philadelphia: W.B. Saunders Co., 1971. 
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CALIFORNIA DEPAR'IMENT OF RJBLIC WORXS 
JRDEN MODEL 

General Description--A mathematical 
modelling technique used to predict 
future air quality conditions. - It is 
a computerized model which will fore-
cast the aggregate loads or burden 
(tons or kilos of pollutants emitted) 
for carbon monoxide, hydrocarbons, and 
other pollutants for which gram/vehi-
cle mile rates can be determined as a 
function of vehicle speed. Burdens 
can be forecast for alternative net-
works under various traffic conditions. 

- 

Inputs/Outputs--Given VMT by link, ve-
hicle mix, average speed by link, and 
emission factors, the model predicts 
the relative change in pollutant bur-
den. 

Comments--sily applied; however, the 
results are not receptor-specific con-
centrations and indicate only relative 
increases or decreases in air quality. 
The model is most applicable at a re-
gional or subregional scale. 

Raforani-am  

Beaton, J.S. and others. Air Quality 
Manual. (8 Vols.) Federal Highway Ad-
ministration Report No. FHWA-RD--72-35. 
Washington, D.C., 1972. 

CALIFORNIA LINE SJRCE' MODEL 

General Description--Two mathematical 
modelling techniques--one computer-
ized, one manual--used to predict air 
pollution concentrations at specific 
locations. The computerized version 
has recently been updated as CALINE2, 
and is now in use. 

Inputs/Outputs--Given traffic volume 
and flow characteristics, meteorologi-
cal data and topographic information, 
the models predict site-specific air. 
pollution concentrations. The model 
does not predict photo-oxidant pollu-
tants, nor does it estimate background 
pollutant effects. 

Comments--The models are easy to use; 
but, do not apply well to the analysis 
of complex roadways or complex typo-
graphy. These are diffusion models 
and are.most useful for project scale, 
not regional assessment. The CALINE2-
series are especially applicable to 
non-urban highway planning. 

RoforonnPA 

Beaton, J.S. and others. Air Quality 
Manual. (8 Vols.) Federal Highway Ad-
ministration Report No. FHWA-RD-72-35. 
Washington, D.C., 1972. 

CALTRANS ENERGY EVAUJATION MODEL 

General Description--A mathematical 
modelling technique used' to predict 
direct and indirect energy consumption 
of auto and transit modes of transpor-
tation. It is listed with the TENETP 
time-share computer with access at-
tained by linking "5•LabENERGY" 

Inputs/Outputs-- Inputs include compo-
site fuel economies, grade correction 
factors, highway construction energy, 
speed, estimated average annual usage 
and gasoline' mpg improvement factors. 
Outputs are direct energy in BIU's for 
autos, gas and diesel trucks, mass 
transit bus system and total consump-
tion. Outputs for indirect energy in-
clude energy for roadway construction, 
maintenance and vehicle construction. 

Comments--Model calculates energy con-
sumption for a no action (maintenance) 
alternative as a benchmark to deter-
mine the relative impact of construc-
tion alternatives. 

Rafaronnom 

Batham, Ames, Smith, Trimble and 
Shilley. "An Interim Procedure to 
Evaluate Transportation Energy." Cal-
ifornia Department of Transportation, 
Sacramento. Rpt. #CA-DOT-Tt,-7082-13-
76-31. April 1976. 
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COMMIJNITY AGGRATE PLANNING MODEL 
(CAPM) 

General Description--A mathematical 
modelling technique used to project 
future trip distribution patterns. 
The technique generates and distri-
butes trips on an aggregate (district) 
basis. No networks are required. 
CAPM is system-oriented and uses the 
community (19 sq. mi. or more) as the 
geographical analysis unit. 

Inputs/Outputs--The inputs needed are 
trip ends, average trip times, arter-
ial lane miles, freeway capacity, and 
connectivity. Outputs are aggregate 
demand data, ADT, driver trips, vehi-
cle miles of travel by major jurisdic-
tion and facility type. 

Comments--It is available as a pre-
packaged computer program. The tech-
nique can be applied quickly and 
simply. It can be used at the Compre-
hensive Assessment Cycle level to pro-
duce transportation data needed to es-
timate regional scale impacts such as 
air quality. It also has available a 
number of built-in performance evalua-
tion routines which can be used to 
generate plan evaluation data for a 
number of alternatives. 

References 

Schleifer, H. "The Community Aggre-
gate Planning Model." Transportation 
Research Board Conference Paper, 1975. 

COMMJNITY INRJT 

General Description--Community input 
refers 'to a broad category of data 
gathering techniques, which together 
form an important basis for impact as-
sessment. These techniques include 
all tools used to evoke and ascertain 
the feelings, perceptions, opinions, 
values of community residents on a 
wide range of social, economic and 
environmental issues. These techni-
ques all involve direct participation 
by community representatives, but can 
range from highly structured tools 

such as surveys, interviews, etc., to 
informal ones such as workshops, 
forums, etc. A preliminary list of 
community input techniques might in-
clude: surveys, interviews, interest 
group ratings, referenda, gaming, role 
playing, cognitive or perceptual map-
ping, workshops, forums. 

Inputs/Outputs--Inputs are the anal-
yst's questions. The outputs are the 
knowledge, perceptions and values of 
the community as interpreted by the 
analyst. 

Comments--In the early stages of as-
sessment, community input techniques 
can be used to learn community con-
cerns, to identify potentially im-
pacted groups within a community and 
to establish community goals and val-
ues. In the later stages, community 
input techniques can be used to elicit 
community response to specific im-
pacts. Community input will be the 
primary means of determining the inci-
dence and significance of many social 
and economic impacts. The level of 
effort required varies widely among 
techniques and among different situa-
tions. In general, the effectiveness 
of the techniques is highly dependent 
upon the skills and judgment of the 
planner. 

Pfrn,cz 

Chapin, F. Stuart Jr. Urban Land Use 
Planning. (2nd Edition) Urbana, Illi-
nois: University of Illinois Press, 
1965. 

Christensen, Kathleen. Social Impacts 
of Land Development; An Initial Ap-
proach for Estimating Impacts on 
Neighborhood Images and Perceptions. 
Washington, D.C.: The Urban Insti-
tute, 1976. 

Manheirn, M. and others. Transporta-
tion Decision Making: A Guide to So-
cial and Economic Considerations. 
(NC'HRP Report 156). Washington, D.C.: 
Transportation Research Board, 1975. 

- 
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U.S. Federal Highway Administration. 
Effective Citizen Participation in 
Transportation Planning. Washington, 
D.C.: U.S. Government Printing Of-
fice, 1976. 

Washington State Highway Department. 
Research Program Report 25.2: Guide-
lines for the Identification and Mea-
surement of Social Factors in Trans-
portation Planning. Washington State 
Highway Commission, Olympia, Washing-
ton. September 1975. 

Wolf, C.P. and Finsterbusch, Kurt 
(eds.). Methodology of Social Impact 
Assessment, Stroudsburg, Pa.: Dowden, 
Hutchinson & Ross, 1977. 

- 

COMJNITY PROFILE 

General Description--A class of gen-
eral data gathering activities used to 
establish existing social, economic 
and environmental conditions. Data 
are collected from existing sources 
(e.g., U.S. Census, public utility re-
cords, planning documents, etc.) or 
collected by field observation and 
survey. Data are organized and clas-
sified to derive maximum understanding 
of the existing social and physical 
attributes of a community. Community 
Profile differs from Community Input 
in that the Profile does not involve 
direct participation of community re-
sidents, but relies on measurement of 
existing conditions through field ob-
servation and use of existing data 
sources. 

Inputs/Outputs--The inputs are the 
planner's questions to individuals and 
groups, and raw data collected from 
primary and/or secondary sources. The 
outputs are the organized information. 
Sources for secondary data may include 
public agencies (Federal, state and 
local) and private groups. Techniques 
for gathering primary data may involve 
site-walks, site reconnaissance, etc. 
Output data may take the form of nar-
rative descriptions of the community, 
inventory maps of key features and 
facilities, and tabular socio-economic 
data. 

Comments--The appropriate level of de-
tail of data collection will vary in 
direct relationship to the anticipated 
impact. However, some form of Commun-
ity Profile will be developed in every 
social impact analysis. 

Manheim, M. and others. Transporta-
tion Decision Making: A Guide to So-
cial and Economic Considerations. 
(NCHRP. Report 156). Washington, D.C.: 
Transportation Research Board, 1975. 

U.S. Department of Transportation. 
Environmental Assessment Notebook Ser-
ies: Highways (six volumes). Wash-
ington, D.C.: U.S. Government Print-
ing Office, 1975 (G.P.O. No. 050-000-
00109-1) 

Wolf, C.P. and Finsterbusch, Kurt 
(eds.). Methodology of Social Impact 
Assessment. Stroudsburg, Pa.: Dow-
den, Hutchinson & Ross, 1977. 

CONSTRUCTION COST/UNIT EVAlUATION 

General Descr ipt ion--An engineering 
analysis technique used to estimate 
the amount and costs of resources and 
labor needed for the construction, 
mairitenance,.etc., of future projects. 
Data are usually based on historical 
cost/unit figures which are interpo-
lated or extrapolated to estimate 
future conditions. 

Inputs/Outputs--Inputs are the physi-
cal design characteristics of the pro-
ject, the location, construction pro-
cedures, and maintenance procedures. 
Outputs are costs (resources and 
labor) by lane mile or other units. 

Comment--Large projects and projects 
involving new or complex engineering 
problems are less easily estimated. 
The accuracy of the data will increase 
as the designs are developed. 

- 
- 
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DEVELOPMENT PRESSJRE INDEX 

U.S. Department of Transportation. 
Environmental Assessment Notebook Ser-
ies: Highways (six volumes). Wash-
ington, D.C.: U.S. Government Print-
ing Office, 1975 (G.P.O. No. 050-000-
00109-1). 

DEVElOPMENT OPPOWIUNITY ANALYSI S 

General Description--An analysis tech-
nique used to estimate the fiscal im-
pact of development on local govern-
ments or tax jurisdictions. The tech-
nique calculates the revenues and 
costs incurred for development and 
non-development of an area for each 
year up to a five or ten year time 
horizon. A net present value of the 
area is also calculated. 

Input/Output--Inputs include revenues 
(property and utility taxes), and 
costs (municipal services) by type of 
development. Revenues and costs must 
be estimated based on analogous cases 
and trends extrapolation; expert judg-
ment must be used in each case. 

Comments--Application of the techique 
requires substantial judgment and 
technical expertise in market and f is-
cal analysis. Non-monetary costs are 
not included in the analysis. 

P 	f 	r ri t 

Schrenman, Philip and Muller, Thomas. 
Measuring Impacts of Land Development. 
Washington, D.C.: The Urban Insti-
tute, 1974. 

Muller, Thomas and Dawson, Grace. The 
Fiscal Impact of Residential and Com-
mercial Development: A Case Study. 
Washington, D.C.: The Urban Insti-
tute,. 1972. 

Northern Virginia Planning District 
Commission. Handbook for Cost/Revenue 
Analysis of Land..Development. Septem-
ber, 1975. 

General Description--An indexing tech-
nique used to estimate the pressure or 
potential for future development in an 
area. The index is a modification of 
the gravity model. 

Inputs/Outputs--Inputs are the amount 
of undeveloped acreage in a zone, the 
developed acreage in nearby zones and 
the distance between the zones mea-
sured in travel times, etc. Output is 
an index number indicating high or low 
pressure for development. 

Comments--cpert judgment must be used 
in estimating amount of acreage avail-
able where zoning changes are involved. 

Stanford Research Institute. Methods 
of Evaluation of the Effects of Trans-
portation Systems on Community Values. 
Menlo Park, Palà Alto, Calif., 1971. 

DISAGGRE3ATE AND DIRECT DEMAND TRAVEL 
ESTIMATING TEXHNIQUES 

General Description--Mathematical 
modelling techniques used to estimate 
future travel demand. These techni-
ques form a behaviorally based model 
system; they may include separate dis-
aggregate models based on household 
(other than zonal) data, auto owner-
ship, and employment location. Work 
and non-work models can be linked for. 
simultaneous direct demand estimation. 

Inputs/Outputs--Inputs are data on 
socio-economic characteristics, auto 
ownership, employment location, etc., 
collected by home interview survey. 
Output is total travel demand (trips, 
vehicle routes of travel, mode use, 
etc.) 

Comments--The disaggregate approaches 
are sensitive to socio-economic vari-
ables; direct demand approaches can 
account for induced/reduced travel ef-
fects. The techniques are useful for 
estamating changes in demand under 
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versy. Cambridge, Ma.: Joint Center 
for Urban Studies, MIT and Harvard 
University, MIT Press, 1966. 

conditions of high congestion. The 
techniques represent the most advanced 
techniques for demand estimation. 

References 

Atherton, T. and others. "The Use of 
Disaggregate Travel Demand Models." 
Transportation Research Board Confer-
ence Paper, January 1976. 

- 

Ben-Akiva, Moshe. "Structure of Pas-
senger Travel Demand Models." Unpub-
lished PhD Thesis. MIT Department of 
Civil Engineering, Cambridge, Mass., 
1973. 

DISPLACENT CRITICAL FAC'IORS 

General Description--M indexing tech-
nique to estimate susceptibility to 
relocation impact by census tract or 
other area, by examination or socio-
economic and/or ethnic character is-
tics. High percentages of households 
with certain characteristics are in-
ferred to reveal sensitivity to poten-
tial impact. 

Inputs/Outputs--U.S. Census inputs in-
clude data on the percentage of house-
holds in the census tract which are 
one person headed; female headed; non-
auto-owning; elderly; non-white; non-
English-speaking; ethnic or religious 
minorities. Output is interpretation 
of these percentages. High percen-
tages in several of the categories for 
any individual tract indicate poten-
tial susceptibility of its residents 
to disruption or impact due to relo-
cating. 

Comments--Not useful in detailed as-
sessment stages. No threshold limits 
are set on the percentages for the 
various cited household character is-
tics; therefore, the analyst has no 
means to assess potential degree of 
severity of impact. 

Rofarpnnpq 

Wilson, James Q. (ed.). Urban Re-
newal: The Record and the Contro- 

Winfrey, Robley and Zeilner, Carl. 
Summary and Evaluation of Economic 
Consequences of Highway Improvement 
(NCHRP Report No. 122) washington, 
D.C.: Highway Research Board, 1971. 

DIVERSITY INALYSIS 

General Description--Includes both 
counting and indexing techniques to 
determine the variety of plant and 
animal species within a given area. 
in general, the more diverse an area 
is, the more ecological niches it pro-
vides. Areas with a high diversity of 
species are thought to be more capable 
of resisting environmental impact than 
areas with limited diversity. Speci-
fic techniques to measure diversity 
include: 

- N2 index which is used to indi-
cate the balance and mix of spe-
cies within an area; 

- spatial diversity analysis; which 
inventories the type, height, and 
density of foliage coverage at 
three levels--ground cover, mid-
dle story, and canopy. 

Inputs/Outputs--Inputs include the 
identification, classification and 
quantification of plant and animal 
species within areas, or quadrants. 
Primary sources for these data include 
field surveys, field observation, and 
aerial photographs. Secondary sources 
include published data. Outputs in-
clude diversity indices for species or 
spatial coverage measurements which, 
when compared, indicate diversity. 

Comments--Interpretation of either 
species diversity indices or. measures 
of spatial diversity requires expert 
judgment; the indices alone do not 
measure susceptibility to impact. 
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Rivers." U.S. Geological Survey Cir-
cular 620(1968). 

MacArthur, R.H. and MacArthur, J.W. 
"On Bird Species Diversity," Ecology. 
42(1961) 594- 598. 

Pianka, E.R. "On Lizard Species 
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Diversity and Stability in Ecological 
Systems. Brookhaven National Labora-
tory Publication No. 25, Upton, N.Y.: 
Brookhaven National Laboratory, 1969. 

EONOMIC BASE ANALYSIS 

General Description--A simple mathema-
tical modelling technique used to es-
timàte future economic and population 
growth. It is the base for regional 
employment and income multiplier tech-
niques. The approach assumes a two-
fold division of. the economy into 
basic (or export oriented) firms and 
non-basic (or local oriented) firms. 
The non-basic sector growth is a func-
tion of growth in the basic sector 
which is a function of population 
growth, regional and national economic 
trends, etc. An increase in basic in-
dustry will generate a proportional 
Increase in service industry. 

Inputs/Outputs-- Inputs are population 
and employment data, information on 
the type of firms, their sales market, 
value added and value of production. 
The basic service ratio is calculated 
as: 

Multiplier = K where: 
K-K1 

K 	= total activity 
= activity which takes 

place in the service 
sections of the econ-
omy. 

Impact = (Multiplier) X 
(Change in Exports) 

Comment--The clarity of the technique 
and the facility with which it may be 
applied make it a useful estimation 
tool; however, it is a very rough es-
timation technique. Refinement re-
quires extensive data and the division 
between basic and service industry 
tends to be very ambiguous in metro-
politan areas with large, complex 
economies. 

References 

Hirsch, Werner. Urban Economic Analy-
sis. New York: McGraw-Hill, 1973. 

Pfouts,. Ralph (ed.). The Techniques 
of Urban Economic Analysis. Chandler-
Davis, 1967. 

U.S. Department of Commerôe. Role of 
Economic Studies in Urban Transporta-
tion Planning. Washington, D.C., 1965. 

Tiebout, Charles M. The Community 
Economic Base Study. Committee for 
Economic Development, 1972. 

ENVIRONMENTAL QUALITY ZONE ANALYSIS 

General Description--A data aggrega-
tion or mapping technique used to show 
the incidence of air or noise impacts 
on geographic areas, or zones. For 
each zone, aggregate measures are made 
of air quality and noise level, and 
exposure is calculated in terms of 
people exposed to levels of atmos-
pheric or noise pollutants exceeding 
Federal standards, or burden measures. 
This technique involves organizing the 
normal outputs of computerized air and 
noise models into geographically dis-
crete environmental quality zones. 
The technique allows comparison of 

- 
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plan alternatives, by impact, by geo-
graphic area, and by impact receptor. 

Inputs/Outputs--Inputs are data, for 
each zone, on land use and population 
characteristics, plus noise and air 
quality impact magnitudes. Output is 
the incidence of impact. 

Comments--The technique has found the 
most use in regional quality analysis 
where computerized models can provide 
pollution burden data for zones, based 
on link travel characteristics. The 
Special Area Analysis manual, prepared 
by FHWA, suggests an approach to deri-
vation of zonal air and noise data 
from standard transportation analysis 
packages. 

naf pr onnpq  

U.S. Department of Transportation, 
Federal Highway Administration. fpe7
cial Area Analysis. August, 1973. 

U.S. Department of Transportation, 
Federal Highway Administration and 
Virginia Department of Transportation. 
DEIS - Interstate 66 Corridor Trans-
portation Alternatives (FEWA-VA-EIS-
F3-03-D). 1973. 

ENVIRONMENTAL ASSESSMENT SCALE 

General Description--This technique is 
an index intended to develop a syste-
matic, comprehensive measure of indi-
vidual well-being in a given community 
setting. Enphasis is on the indivi-
dual rather than social and economic 
systems. The ES is designed to 
transform perceptual information from 
individuals into a standardized quan-
titative measure of the subjectively 
perceived environment. The technique 
involves identification of the key 
points of concern in the social envi-
ronment and a rating for each of sev-
eral aspects of each key issue. it is 
a survey/rating technique in which re-
sults can be analyzed with varying 
levels of statistical sophistication 
to determine correlation among various 
factors, as well as overall ratings. 

Scores can be' developed for individual 
social concerns as well as the overail 
environment, and correction techniques 
are available for a range of possible 
survey biases. 

Inputs/Outputs--Identification of key 
factors and their components around 
which questions are 'to be structured; 
some statistical skills for response 
analysis. 

Comments--Although this technique does 
not present new measurement devices, 
it does provide a potentially useful 
way of organizing perceptual data, and 
or surveying for it in such a way as 
to standardize responses. Its appli-
cation has been limited thus far to 
small social units, such as institu-
tions, but could be easily transfer-
rable to a more complex situation. 
The authors provide a thorough discus-
sion of the potential applicability 'of 
the EAS to social impact assessment in 
general. 

References 

Deane, Donald H. and Mumpower, Jeryl 
L. "The Social Psychological Level of 
Analysis in Social Impact Assessment: 
Individual We li-Being Psychological 
Climates, and the Evironmental As-
sessment Scale." In Methodology of 
Social Impact Assessment, Kurt Fin-
sterbusch and C.P. Wolf (eds.). 
Stroudsburg, Pa.: Dowden, Hutchinson 
and Ross, 1977. 

EROSION/SEDIMENTATION POTENTIAL 
ANALYSIS 

General Description--Several techni-
ques may be used to assess the quan-
tity, of potential erosion which may 
occur at a site and the amount of this 
material which will be delivered by 
runoff to lakes and streams. These 
include: 

- universal soil loss equation 
formula to calculate tons of ero-
sion per acre per year as a furic-
tion of topography, soil type and 
climate conditions; 

- 
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- slope erosion transect survey--
uses "erosion signatures" from 
previously constructed facilities 
as a guidepost to estimate prob-
able erosion from proposed con-
struction; 

- analysis of vegetative buffer 
str ips-- formula to calculate the 
percentage of eroded material 
which will be retained in buffer 
strips, depending on width of 
strip and slope. 

Inputs/Outputs--Inputs include soil 
types, K-factors (index of soil loss 
per unit of rainfall per year), slope, 
vegetative cover, and surficial. geol-
ogy. Outputs include both calcula-
tions of amounts (tons) of erosion and 
sedimentation and judgments based on 
the above, as to the significance of 
impact. 

Comments-- The universal soil loss 
equation is calibrated for agricul-
tural lands and requires adjustment 
for other applications. The assess-
ment of significance of the impact re-
quires expert judgment. 

Pfcrnr 

Beasley, R.P. Erosion and Sediment 
Pollution Control. Ames, Iowa: Iowa 
State University Press, 1972. 

California Department of Highways. 
Water Quality Manual. Prepared for 
the Federal Highway Administration. 4 
Vols. Springfield, Va.: National 
Technical Information Service, 1973. 

U.S. Department of Transportation. 
Environmental Assessment Notebook Ser-
ies: Highways (six volumes). Wash-
ington, D.C.: U.S. Government Print-
ing Office, 1975 (G.P.O. No. 050-000-
00109-1) 

U.S. Forest Service. Forest Land Ero-
sion and Sediment Evaluation. Forest 
Service Handbook, NA, FSA 3509, Upper 
Darby, Pa., 1972. 

U.S. Soil Conservation Service. Sedi-
ment and Erosion Control Measures for 
New Jersey Soils. Trenton, N.J., 1973. 

FELS COMPREHEI'ISIVE E'1ERGY ASSESSM1T 
MODEL 

General Description--A mathematical 
modelling technique used to calculate 
total energy consumed by a transporta-
tion system. Can be used for present 
and future consumption assessment. 
The model incorporates energy consumed 
retrieving and processing primary re-
sources. Equation is: 

Evm = Eo + Mv/Lv + Mg/L 
where: 
Evm is total energy per vehicle mile 
b is energy consumed operating one 
vehicle one mile 
Mv is energy required to manufac-
ture that vehicle 
Lv is vehicle's lifetime in miles 
Lg is guideway lifetime 

Evm should be' multiplied by the number 
of guideway miles to calculate total 
energy consumed by the guideway. 

Inputs/Outputs--Inputs include energy 
consumed retrieving and processing 
primary 1resources, manufacturing a ve-
hicle, constructing a guideway and op-
erating a vehicle. Other inputs 
needed are average lifetime, and occu-
pancy of a vehicle, and average life-
time and occupancy of a guideway. 
Output is total energy consumed in 
constructing and operating a transpor-
tation system stated in kwh/seat-mile. 

Comments--Application of the model is 
relatively straightforward. Reliance 
on secondary data is extensive. 

Fels, Margaret Fulton. "Comparative 
Energy Costs of Urban Transportation 
Systems," in Transportation Resources, 
Pergamnion Press, Great Britain, Volume 
9, 1975. 

FHWA SIMPLIFIED CO ANALYSIS TBHNIJE 

General Description--The nomograph is 
a simplifed mathematical model used to 
estimate future carbon monoxide levels 



based on future traffic. It is ori-
ented to low volume highways and used 
for simple facility configurations 
under a limited variety of wind condi-
tions. The technique is usually re-
stricted to minor projects or to pre-
liminary impact assessment. 

Inputs/OutputS-Input5 are peak-hour 
and 8-hour traffic volume and flow 
data, design year, distance to recep-
tors, and averaged meteorological con-
ditions. Outputs are, predictions of 
carbon monoxide concentration at spe-
cific locations up to 1000 feet from 
roadway. 

Comments--This technique is short and 
easy to use; well adapted to prelimin-
ary screening. Model is structured to 
examine "worst case" conditions; as 
such it can be used to estimate the 
need for more detailed analysis. 

References 

Beaton, J.S. and others. Air Quality 
Manual. (8 Vols.) Federal Highway Ad-
ministration Report No. FHWA-RD-72-35. 
Washington, D.C., 1972. 

FIELD OBSERVATION 

General Description--This listing in-
cludes many data gathering techniques 
which rely on direct observation, 
often by a trained observer (e.g., 
biologist's field walk to determine 
the presence or absence of endangered 
species). See also "Field Survey." 
It is a measurement and data gathering 
technique used to establish existing 
conditions. 

Inputs/Outputs--Inputs are direct ob-
servations of the project area with a 
focus on the specific field of concern 
(e.g., biota, man-made environment, 
land uses, etc.) 

Comments--The term "field observation" 
generally applies to less rigorous or 
structured data gathering procedures. 
The level of effort involved may vary 
from simple site-walks to intensive 

observation by experts over long per-
iods of time. For more structured 
procedures see "Field Survey" and "In-
strument Monitoring." 

References 

U.S. Department of Transportation. 
Environmental Assessment Notebook Ser-
ies: Highways (six volumes). Wash-
ington, D.C.: U.S. Government Print-
ing Office, 1975 (G.P.O. No. 050-000-
00109-1) 

FIELD JRVEY/SAMPLING THNIQUES 

General Description--Data gathering 
which relies on direct observation or 
measurement but is structured by sta-
tistical or probability principles. 
Sampling techniques are widely used to 
gather social and economic data, and 
have more recently been applied to the 
task of documenting species in terres-
trial and aquatic ecosystems, and:the 
distribution of archaeological re-
sources. Such surveys are used to 
establish existing conditions; if they 
include projective questions they can 
be used to gather data on people's 
perception of possible future condi-
tions. 

Inputs/Outputs--Inputs, involve direct 
observations or measurements; outputs 
are statistical interpretation of this 
data and judgments of its significance. 

Comments--Adequate statistical sampl-
ing requires careful planning and de-
sign; most useful when used to gather 
very specific data. The level of ef-
fort involved depends on the accuracy 
of information desired. 

Pfrns 

Giles, R.H. (ed.). Wildlife Manage-
ment Techniques. 3rd ed. revised. 
Washington, D.C.: The Wildlife Soci--
ety, 1971. 

Oosting, H.J., The Study of Plant Com-
munities. San Francisco: Freeman and 
Co., 1956. 
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FRATAR TECHNIQUE 

General Description--An analytical 
technique used to project future tra-
veldemand. The technique estimates 
changes in trip ends resulting from 
changes in activity distribution by 
factoring existing trip tables. 

pputs/Outputs--Given an existing trip 
table and the anticipated change in 
activity levels by zone, the technique 
will generate a new trip matrix de-
scribing zone to zone movement. 

Comments--The technique is simple and 
widely used. It is a convenient 
sketch planning tool for use in cases 
where trip tables have already been 
generated. 

R f r n r s 

Fratar, Thomas J. "Vehicular Trip 
Distribution by Successive Approxima-
tions," Traffic Quarterly (January 
1954). 

FOOD CHAIN/FOOD WEB ANALYSIS 

General Description--This is a tech-
nique which traces out the energy flow 
within an ecosystem by specifying the 
chain relationships between plants, 
herbivores, carnivores and omnivores. 
The relationships among such producer-
consumer pairs and among food chains 
are known as food web. A descrip-
tion of the food chain/food web allows 
estimates to be made of probable eco-
system change due to its disruption. 
The technique may be used to describe 
existing conditions or by extrapola-
tion and professional.l., judgment used to 
estimate future change as a result of 
impact. 

Inputs/Outputs--Inputs are detailed 
descriptions of nutrient cycles and 
feeding patterns of existing species. 
Outputs are judgments of probable im-
pact due to disruption of the food 
chain or food web. 

Comments--Requires in-depth study un-
less descriptions of the web/chains 
are available from secondary sources; 
most applicable to small site analysis 
where significant impacts are sus-
pected. 

References 

Odum, E.P. Fundamentals of Ecoi.ogy. 
Philadelphia: W.B. Saunders Co., 1971. 

FREQ, PRANSYT, CORQ 1C, PRIFRE (Flow 
Mode iii ng' 

General Description--mis automated 
modelling system includes FREO and 
PRIFRE, for the evaluti.on of freeway 
operations and priority treatments; 
'rRANSY'r, a signal optimization techni-
que with a network simulation capabil-
ity; and CORQ IC, which combines FREQ 
and TRANSYT into a corridor model. 

Input/Output--Design parameters and 
O-D traffic flow data are required 
inputs. Outputs are flow-level, 
speed, density, capacity, and queuing 
information. Some versions provide 
fuel consumption and pollutant emis-
sions as well. 

Comment--More efficient than U'CS/ 
SCOT, but cannot simulate individual 
vehicles. 

R fe r Pr('P S 

Clausen, T.J. and May, A.D., The Anal-
vsis and Evaluation of Se1ected Im-
pacts of Traffic Management Strategies 
on Surface Streets, University of Cal-
ifornia. 

Krueger, A.J. and May, A.D., The Anal-
ysis and Evaluation of Selected Im-
pacts of Traffic Management Strategies 
on Freeways, University of California. 

A Computer Simulation Model. for Evalu-
ating Priority Operations on Freeways, 
University of California. 

Orthlieb, M. and May, A.D., Freeway 
Qperations Study - Phase IV, Uni.ver-
sity of California. 
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HIGHWAY INVESTMENT ANALYSIS PACKAGE 
(H lAP) 

General Description--A package of com-
puterized mathematical modelling tech-
niques used to predict and analyze a 
number of transportation, social, eco-
nomic and environmental impacts. The 
routine is designed both to evaluate 
proposed solutions to a particular 
problem or deficiency and to prepare 
evaluation and cost measures for the 
investment programming process. 

Inputs/Outputs--Inputs include physi-
cal characteristics of the facility 
(length, type, terrain, surface type, 
and condition, capacity,etc.), traf-
fic volume and composition. Weights 
and parameters can be specified or 
standardized data can be used. Out-
puts are measures of travel time, ve-
hicle operating costs, accident sav-
ings, noise levels, and air pollutant 
emissions. Calculations can be done 
up to six times of day periods and 
five vehicle types. 

Comments--This is a sophisticated 
analysis package which performs a num-
ber of standard transportation evalua-
tions in a very computer efficient 
program. The program has the capacity 
to analyze a number of alternatives 
(and link segments) at the corridor, 
state or regional scale. Planning 
horizons range from 10-30 years. The 
program utilizes a maintenance type 
no-build alternative. It is most ap-
propriate to corridor or regional 
analysis. 

Multisystems, Inc. HIAP - Highway In-
vestment Analysis Package (two vol-
umes). U.S. Department of Transporta-
tion, Federal Highway Administration, 
Washington, D.C., 1976. (DOT-FH-11-
8252). 

HIWAY PROGRAM - AIR QUALITY ANALYSIS 

General Description--A mathematical 
model used to predict pollutant levels 

from indi.vival or multiple facili-
ties. It is not applicable for photo-
reactive pollutants, hydroparbons or 
oxides of nitrogen.) It is based on a 
Gaussian model and simulates emissions 
for each lane of the proposed facility. 

Inputs/Outputs--Inputs are traffic 
characteristics, detailed facility e-
sign and location data, meteorological 
data, and receptors. Outputs are pre-
dicti.ons of air pollutant concentra-
tion at speci.fic receptors. 

Comments--Model. is readily usable. 
However, complex terrain or calm con-
ditions cannot be analyzed. Alterna-
tive networks can be readily compared, 
and worst and nomi.nal cases derived 
for comparison. This is a diffusion 
model. It should not be used for com-
plex urban environments. 

References 

Zimmerman, J.R. and Thompson, R.S. 
HIWAY: A Highway Air Pollution Mode1.. 
U.S. Environmental Protection Agency, 
Washington, D.C., 1q73. 

HOUSING DISPLACEMENT MODEL 

General Description--This technique is 
a mathematical model: for calculating 
housing displacement, based on typical 
development patterns and right of way 
characteristics. These models take 
the form of an equation. One model. 
(Klei.n and others) is based on. the re-
lationship between acreage and density 
of residential land in the study area 
and acreage R.O.W. requirements. An-
other model (Ventura and Mehta) is 
based on empirical observations of 
typical displacement impacts in simi-
lar cases. 

Inputs/Outputs--Inputs are R.O.W. 
standards, percent of residential land 
and residential c3ensitv. Output is a 
prediction of the amount of disloca-
tion (number of household units). 

Comments--Not useful for detailedas-
essments nor for assessment of social 
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impact caused by displacement. The 
model is based on data on existing 
conditions, so caution should be used 
in assessing future impact in areas 
where much change or development is 
anticipated. 

Klein, G.E. and others. Methods of 
Evaluation of the Effects of Transpor-
tation Systems on Community Values. 
Stanford Research Institute, Menlo 
Park, California, 1.971. 

Ventura, Frank and Mehta, Rajenda. 
"Method for Predicting the Effect of 
Long-Range Transportation Plans on Re-
sidential Land Use Activities.." 
Transportation Research Record 481 
(1974) 

HOUSING MARKET ANALYSIS 

General Description--Housing market 
analysis is a technique to compare ex-
isting and future supply and demand 
for housing. It uses existing and 
projected characteristics of housing 
stock; and projected space needs and 
ability to pay (income of the popula-
tion in the study area). This tech-
nique is used both for prediction of 
the market for new housing construc-
tion (changes in supply) and for as-
sessment of potential problems in ab-
sorbing families, displaced by trans-
portation projects into comparable, 
equivalent housing which meets cr1-
teria of the Uniform Relocation Act 
and other relocation guidelines. 

Inputs/Outputs--Physical characteris-
tics of housing, economic characteris-
tics and trends, existing and pro-U 
jected demogrpahics, housing market 
conditions, and housing demand are de-
rived and compared. New markets are 
identified for private housing con-
struction. Projected available hous-
ing is compared to characteristics of 
relocatees for ability to pay, compar-
ability of neighborhood, and probable 
difficulty of finding housing given 
"tightness" of market. 

Comments--The technique, to be predic-
tive, requires very detai.led data and 
substantial expert judgment on the 
part of the analyst. Several simpler 
techniques are available and have been 
set down in relocation plan gui.deli.nes 
by state agencies. 

Poforont-am  

U.S. Department of Housing and Urban 
Development. Federal. Housing Adminis-
tration Techniques of Housing Market 
Analssis. Washington', D.C.: U.S. 
Government Printing Office, 1Q70. 

HYDROGEOLOGICAL (GROUNDWATER) ANALYSIS 

General Description--Descriptive and 
mathematical modelling techniques used 
to estimate changes in groundwater 
flow. Transportation projects may cap 
aquifer recharge areas, remove aquifer 
materials, or compress aquifer mater-
ials. Of interest are the rate of re-
charge and the volume, velocity, and 
direction of groundwater flow; these 
are measured using Darcey's Law. 

Inputs/Outputs--Inputs include area 
topology, facility design (especially 
the drainage system), permeability of 
soils and subsurface geology. Outputs 
are judgmental estimates of ground-
water flow and recharge. 

Comments--The theoretical understand-
ing of hvdrogeology is useful, but ac-
curate modelling requires extensive 
data on subsurface geology which are 
usually not available. Most analyses 
rely on expert judgment. 

References 

U.S. Department of Transportation. 
Environmental Assessment Notebook Ser-
i.es: Highways (six volumes). Wash-
ington, D.C.: U.S. Government Print-
ing Offi.ce, 1975 (G.P.O. No. 050-000-
00109-1). 

Todd, D.K. Groundwater Hydologv. New 
York: John Wiley and Sons, Inc., 1Q39. 
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Inputs/Outputs--The model requires a 
detailed survey of regional. industry 
transactions and value added determin-
ations. Output is a transactions 
matrix which describes the f 16w of 
goods and services between the sectors 
for a given time period. 

Walton, W.C. Groundwater Resource 
Evaluation. New York: McGraw-Hill 
Book Co., 1970. 

INDUCED DEVELOPMENT TAX EFFECT 

General Description--An analysis tech-
nique used to estimate the tax effects 
of induced residential development. 

Inputs/Outputs--Inputs are the number 
of new residential units per time per-
iod, the ratio of market value to as-
sessed value, and the property tax 
rate. Outputs are the property tax 
revenue attributable to induced resi-
dential construction. 

Comments--The technique requires -judg-
ment and substantial technical exper-
tise in estimating growth and induced 
development trends. The technique 
measures revenues only, not costs 
(municipal services). 

PFrnrs 

Hughes, James W. (ed.) Methods of 
Housing Analysis. New Brunswick, 
N.J.: Center for Urban Policy Re-
search, Rutgers University, 1977 

U.S. Department of Transportation. 
Environmental Assessment Notebook Ser-
ies: Highways (six volumes). Wash-
ington, D.C.: U.S. Go'v-ernment Print-
ing Office, 1975 (G.P.O. No. 050-000-
00109-1). 

INPUT-OUTPUT ANALYSI S 

General Description--A mathematical 
modelling technique used to predict 
inter-industry transactions. 1-0 ana-
lysis portrays the flow of goods and 
services throughout an economy (re-
gional, state or national scale) and 
provides a means of measuring changes 
in overall economic acivity flows re-
sulting from a change in economic ac-
tivity in any one sector. The tech-
niques can be used for local impact 
studies, regional balance of payments 
analysis and interregional economic 
activity flow analysis. 

Comments--A useful analysis tool for 
large transportation projects if an 
1-0 table has been previously con-
structed. Development,Of a new 1-0 
table is an extensive project. 

RAfArPnnAR 

Charles River Associates. The Role of 
Transportation in Regional. Economic 
Development. Lexington, Mass.: Lex-
ington Books, 1971. 

Miernyk, William. The Elements of 
INPUT-OUTPUT Analysis. New York: 
Random House, 1965. 

Morrison, W.I. and Smith, P. Simulat-
ing the Urban Economy: Experiments 
with Input-Output Techniques. London 
Academic Press Inc., 1975. 

U.S. Department of Commerce. Role of 
Economic Studies in Urban Transporta-
tion Planning. Washington, D.C., l95. 

INSTRUMENT MONITORING 

General Description--Measurement and 
data gathering techniques used to es-
tablish existing conditions. Proce-
dures involve on-site instrument moni-
toring; generally used for air qual-
ity, noise, traffic and water quality 
measurement, often to provide data for 
the calibration of predictive models. 

Inputs/Outp--InputS are ambient 
conditions; outputs are measures of 
-the state of various physical phenome-
non. 

Comments--The availability of secon-
dary data from other agencies, the 
complexity of the project, and data 
calibration req&rements will deter-
mine the specific quality and quantity 
of data needed. 
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ISOPLETH MAPPING 

General Description--Physical model-
ling or mapping techniques used to 
show the incidence of air and noise 
impacts, etc.; may be used to model 
existing or future conditions.. Gener-
ally involves the graphic overlay of, 
or example, noise levei(3BA) iso-
quants on future land use/population 
maps. 

Inputs/Outputs--Inputs are land use 
and population characteristics in the 
area of the facility and data on•  im-
pact magnitude and geographic loca-
ti.on. Outputs are isopleths showing 
equal impact levels at given distances 
from the facility. 

Comments--This is an effective mapping 
and modelling technique that can be 
used to display many aspects of trans-
portation impact: air quality, acces-
sibility to employment in terms of 
isochrones of travel time, etc. 

Re fe r en 

See, for example: 
U.S. Department of Transportation, 
Federal Highway Administration and 
Oregon Department of Highways. DEIS - 
Interstate 505 (FHWA-OR-EI5-F3-08-D). 
1973. 

KEY ZONE SAMPLING 

General Description--A sketch planning 
technique used to determine mode use. 

Inputs/Outputs--Inputs include exist-
ing trip tables, assumptions regarding 
the public transit system and mode 
split. Output is mode split for a re-
presentative zone sample which can be 
expanded to estimate total travel by 
mode. 

Comments--An option to sketch plan 
techniques which simplify by using 
large zones. The technique can be 
used at various levels of detail when 
a major change in a transit system is 
expec ted. 

Refer en e 

Alan M. Voorhees and Associates. A 
Transit Plan for the Buffalo-Amherst 
Corridor; TechnicaT Appendices: Ap-
pendix B. June, 1976. 

MARKET DEMAND STUDIES 

General Description--An analysis tech-
nique which projects the quantitative 
demand for a good or service. Esti-
mates are based on the size and growth 
in the total market, the participation 
of the total market in a selected mar-
ket segment, and the case specific 
penetration of the broader market seg-
ment by an individual product, 'firm, 
etc. It is used in hi.ghway studies to 
estimate the demand for residential, 
commercial and industrial land devel-
opment, etc. 

Inputs/Outputs--Inputs include popula-
ti.on, income, purchase/sales trends, 
and current and projected inventories 
of the good or service. Output is an 
estimate of future demand for the spe-
cific good or service. 

Comments--Application of the technique 
is relatively straightforward, since 
most of the data is available from 
standard sources (Census, Economic De-
velopment Agencies, Chambers of coin-
merce); however, considerable profes-
sional judgment is required to derive 
the market penetration rates. 

Referenre 

American Institute of Real Estate 
Appraisers. The Appraisal of Real 
Estate. 1964. 

David, Phi.lip. Urban Land Devellop-
ment. Richard Irwin, Inc., 1970. 

MOBILITY INDEX 

General Description--An indexing tech-
nique used to measure the residential 
stability of an existing neighborhood. 
Hi.gh stability, as indicated by the 
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length of residence in an area, is 
thought to correlate with high social. 
interaction. The simplified equation 
is: 
Mobility Index = 200 - 2x 

Inputs/Outputs--"x" is the percent of 
households in a community in the same 
dwelling unit for five years or more. 
The output is an index number between 
0 and 200. Low values indicate high 
stability which is inferred to be a 
societal "good" susceptable to disrup-
tion by highway and transit projects. 

Comments--The predictive value of the 
technique is limited. McLean and 
Adkin's work indicates that neighbor-
hoods which were segmented by'trañs-
portation projects experienced a drop 
or loss of stability. Hill has pro-
posed a more elaborate form of the 
index equation. 

References 

Hill, Stuart L. and Frankland, Bam-
ford. "Mobilit as a Measure of 
Neighborhood." Highway Research Re-
cord 187(1967)33. 

McLean, E.L. and Adkins, W.G. "Free-
way Effects on Residential Mobility in 
Metropolitan Neighborhoods." Highway 
Research Report 356(1971)95-104. 

MODIFIED ROLLBACK COMPUTER MODEL 

General Description--A mathematical 
modelling technique used to predict 
the amount of air pollutant emission 
reductions required to attain an ac-
ceptable standard in a future year. 

Inputs/Outputs--Inputs include data in 
existing air quality (primarily CO), 
the emission sources (mobile and sta-
tionary), volume and mix of vehicles, 
growth trends in the area and proposed 
traffic plans. Outputs are the emis-
sion reductions needed to meet stan-
dards. 

Comments--The model requires extensive 
data and is not receptor specific; 

however, it does consider all pollu-
tant emission sources and distin-
guishes among "curbside," "roof-top," 
and "background" air quality. The 
model is essentially a burden model 
and is applicable to urban areas. 

References 

U.S. Environmenta'. Protection Agency. 
Modified Rollback Procedures. Proce-
dural guidance available from the U.S. 
EPA. 

MORPA 

General. Description--Computer model. 
calculates probabilities of alterna-
tive projects falling in speci.fi.c rank 
order based on randomly selected 
weights to he applied to preselected 
project goals and objectives. 

Inputs/Outputs--Point values describ-
ing the level of achievement towards 
satisfying goals and objectives for 
each alternative are required inputs. 
Outputs include 'rank order, weighted 
rank and' sensitivity of rankings to 
each objective. 

Comments--Provides an unbiased esti-
mate of the relative merit of each al-
ternative,' eliminating or assi.sting in 
solving the problem of a subjective 
selection of weights for' goa's and ob-
jectives, especially when determining 
cost-effectiveness. 

Rafaronnpq 

Consoer Townsend & Associates, Chi.-
cago, Illinois. 

NCHRP NOISE MODEL 

General Description--The three tech-
ni.ques--simplified, standard, and com-
puterized versions--are mathematical 
modelling techniques used to predict 
future noi.se  levels generated by one 
or several, roadways. The models can 
account for topographi.c variations, 
barrier and attenuation affects. 
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puts/Outputs--Inputs are traffic 
volume and flow characteri.stics, 
facility design and location, receptor 
locations (horizontal and vertical 
distances from the facility) and bar-
rier characteristics. Outputs are 
L50  and L10  noise levels at a re-
ceptor or a specific location. 

Comments--The models have limited 
ability to deal with complex road net-
works or incremental traffic level 
changes. The techniques are, however, 
easily applied; the simplified tech-
nique can be used for preliminary 
screening. 
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Noise - A Design Guide for Highway En-
gineers." NCHRP Report 117, Transpor-
tation Research Board, Washington, 
D.C., 1970. 

Bolt, Beranek and Newman. "Highway 
Noise - A Field Evaluation of 'Traffic 
Noise Reduction Measures." NCHRP Re-
port 144, Transportation Research 
Board, Washington, D.C., 1972. 

Bolt, Beranek and Newman. "Highway 
Noise Generation and Control." NCHRP 
Report 173, Transportation Research 
Board, Washington, D.C., 1974. 

Bolt, Beranek and Newman. "Highway 
Noise - A Design Guide for Prediction 
and Control." NCHRP Report 174, 
Transportation Research Board, Wash-
ington, D.C., 1974. 

NPS HISTORIC AND ARCHAEOLOGICAL DATA 
BANK 

General Description--The National Park 
Service maintains a computerized data 
bank of historic and archaeological 
sites which can be used to identify 

sites in planned highway or transit 
corridors. The Data Bank includes 
sites listed in the National Register 
of Historic Places, the Historic Amer-
ican Engineering Record and the His-
toric Amer:ican Buildings Survey. 

Inputs/Outputs--Input is the location 
of the highway or transit facility (by 
street address, city, county and 
state, or Universal. 'Transverse Merca-
tot grid notation (± 10 meter accur-
acv) ; output is l.ist of historic or 
archaeological sites within or imme-
diately adjacent to the project loca-
tion. 

oca- 
tion. 

Comments--Does not now include state 
and locally designated historic or 
archaeological sites. 

References 

Contact Office of Archaeology and His-
toric Preservation, Heritage Conserva-
tion and Recreation Service, National 
Park Service, Washington, D.C. 20240. 

NEIGHBORHOOD SOCIAL INTER.AC'TION INDEX 

General Description--An indexing tech-
nique used to measure social interac-
tion in existing communities. The 
index is based on an empirical. study 
of one community. A relationship 
among several critical variables is 
hypothesized to correlate to social 
interaction. The equati.on used is as 
follows: 

NSII = 76.20 - 1.45M - 0.36R - 0.30 
HU + -U 

Inputs/Outputs--Inputs are: 
M = mobility (% fmi1ies in housing 

units two years or less). 
R = % land residential. 
Bu= housing units per residential 

area 
U = error term. 

Output is an index of relative social. 
interaction. 

Comments--NSII is suggested as a mea-
sure of social interaction; however, 
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validity of the index and its predic-
tive value are untested. Mobility in-
formation must be collected unless 
very recent census data are available. 

References 

Burkhardt, Jon E., Lago, and Rothen-
burg. Highway Improvement as Factor 
in Neighborhood Change. Resource Man-
agement Corporation, Bethesda, Md., 
1971. 

NOISE EXPOSURE ANALYSIS 

General Description--A mapping or phy-
sical modelling technique used to de-
termine incidence of noise impact; may 
be used for existing or future condi-
tions. The technique is a refinement 
of noise contour (isopleth) mapping 
but requires that noise impact be re-
lated to people (hours of exposure) 
rather than generalized land uses 
(e.g., residential areas). 

Inputs/Outputs--Inputs are noise 
levels by time of day and geographical 
location and population activity data 
(e.g., the number of persons in the 
area, their activities, and time ex-
posed to noise). Output is noise in-
cidence in terms of person-hours of 
exposure at given dBA L10 or L50 
levels. 

Comments--The technique requires sub-
stantial amounts of data. It is use-
ful for detailed analysis of severely 
impacted areas; different levels of 
aggregation can be used depending upon 
the cycle being analyzed. 

References 

See, for example: 
U.S. Department of Transportation, 
Federal Highway Administration and 
Massachusetts Executive Office of 
Transportation and Construction. 
DEIS/4(f) - Southwest Corridor: 1-95 
South. Boston Transportation Planning 
Review, 1972. 

NOISE IMPACT INDEX  

General Description--An indexing tech-
nique used to estimate the relative 
and absolute significance of future 
noise. The index reflects the change 
in annoyance levels due to noise expo-
sure before and after transportation 
improvements. 

Inputs/Outputs--Inputs are noise le-
vels, annoyance thresholds, and popu-
lation statistics. The output is an 
index number that indicates the rela-
tive change in annoyance. 

Comments--The index is based on gener-
alized b&-iaviorai. data and is most ap-
plicabi.e in assessing the significance 
of noise impacts in large areas. 

References 

Bolt, Beranek and Newman. "Highway 
Noise 7  A Design Guide for Highway En-
gineers." NCHRP Report 117 Transpor-
tation Research Board, Washington, 
D.C., 1970. 

PIVOT-POINT ANALYSIS 

General Description--An approach to 
manual sketch planning where simple 
models or analogies are used to 
"pivot" around a verified, existing 
value in order to predi.ct impact. A 
non-calibrated mode1. (for example, a 
theoretical mode split model) can be 
used to develop a before-and-after ad-
lustment ratio to be applied to the 
existing measured value. 

Inputs/Outputs-lflpUts include a sur-
vey value, such as percentage of tran-
sit or auto occupancy and one or more 
of a number of models, analogies, and 
methods available in the engineering 
and planning fields. Outputs are ,a 
revised value reflecting the impact of 
action implementation. 

Comments--Several approaches should be 
used for any single problem so that a 
choice can be made from a variety of 
answers or a range of possible results 
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can be identified. This technique is 
obviously a sketOh-planning tool. 

U.S. Environmental protection Agency. 
Groundwater Pollution from Subsurface 
Excavations. Washington, D.C., 1973. 

Referencs 

See, for example: 
Work byCambridge Systematics, Cam-
bridge, Mass., and others. 

POLLUTANT MIGRATION ANALYSIS 

General DescriptiOn--A descriptive 
modelling technique used to estimate 
the probability that road pollutaht 
(such as oils, deicing salts, cemi-
cals, etc.) will be carried by surface 
watei riEioEf or aquifer infiltration 
into water supplies. Includes: 
- Hydrologic Soil Classification-- 

analysis of the permeability and 
filtering effects of sOils 

- Vegetative Buffer 
IdentificatiOn-- estimating 
technique to assess the filtering 
effects of vegetation on surface 
water runoff 

- Drainage System tngineering 
Analy- sis for estimating the 
volume of runOff and distribution 
of waters. 

Inputs/Outputs--Inputs include soi.l 
types (infiltration rates), vegetation 
type, facility location and drainage 
system location. Outputs areF judgmen-
tal estimates of the potential of pol-
lutants reaching water supplies. 

Comments--This approach utilizes a 
number of párti.al  analysis techniques 
to aid judgmental projections of pol-
lution probability. 

Refrnc 

U.S. Environmental Protection Agency. 
Channeljzatjon and Treatment of Urban 
Land Runoff. Washington, D.C., 1974. 

U.S. Environmental Protection Agency. 
Estimating Nutrient Loadings of Lakes 
from Non-Point Sources. Washington, 
D.C., 1974. 

U.S. Environmental Protection Agency. 
Toxic Materials Analysis of Street 
Surface Contaminants. Washington, 
D.C., 1973. 

U.S. EnvirOnmental Protection Agency. 
Water Pollut.ion,Aspeots of Street Sur-
face, Contami.nañts. Washington, D.C., 
1972 

U.S. Soil Conservation Service. Na-
tional Engineering Handbook, Section 
4: Hydrology. Washington, D.C., 199. 

PRtOIITY PROGRAMMING SYSTEM 

General. Description--Computerized sys-
tem that prioritizes capital prOjects 
in the form of an optimum implementa-
tion schedule, a sensi€ivitv analysis, 
and a full economic analysis for each 
project. 

Inputs/Outputs--project benefits, 
costs and budget constraints are in-
put. Products include time streams of 
costs and bénef its, net present val.-
ues, investment schedules, total bene-
fits and costs, and benefits forgone 
if the schedule is altered. 

Comments--Originated in Ontario, 
Canada as "IPPS." 

Re fe rences 

Development of a Methodology for Plan-
ning Improvement Priorities, Phases 1 
and 2, Ontario University of Transpor-
tation and Communications, David Voor-
bees Associates. 

PRODUCTIVITy ANALYSIS 

General Description--A measurement 
technique used to estimate the fertil-
ity and growth potential of a vegeta-
tive ecosystem; used primarily to 
assess existing conditions. 



Inputs/Outputs--Analysis generally re-
quires direct measurement of the in-
cremental growth rates of trees and 161  
shrubs. Rates for trees can be ob-
tained by field analysis; however, 
rates for shrubs often require labora-
tory analysis. Output is in terms of 
biomass produced, usually on an annual 
or growing season basis. 

Comments--Such analysis is most useful 
when comparing areas of similar spe-
cies and similar age for which data is 
available; contrasting areas are more 
difficult to assess. Interpretation 
of the results requires expert judg-
ment. New analysis requires extensive 
laboratory analysis. 

Thfcrrnr!Ps 

Forbes, F.D. Forestry Handbook. New 
York: The Ronald Press Co., 1961. 

Odum, E.P. "Organic Production and 
Turnover in Old Field Succession," 
Ecology 41 (1961) 34-49. 

Whittaker, R.H. "Estimation of Net 
Primary Production of Forest and Shrub 
Communities," Ecology 42(1961) 177-180. 

PROJECTIVE ATTITUDE SURVEY 

General Description--A measurement and 
projection technique used to establish 
attitudes about existing conditions or 
to elicit responses to proposed trans-
portation improvements, etc. 

Inputs/Outputs--InPuts are the anal-
yst's questions. Outputs are the re-
spondent's judgments regarding exist-
ing or proposed situations. Interview 
responses are normally analyzed for 
statistical significance. 

Comments--Polling techniques are wide-
ly used; they are most effective when 
the respondent is asked to evaluate 
situations in the immediate future 
with which he or she is very familiar. 
The predictive validity of such tech-
niques-fades rapidly with time and 
distance. Results are easily affected 

by the type of interview, the person-
ality and effectiveness of the inter-
viewers, etc. 

References 

Ryan, C.R., Nedwek, 8.A., and Beim-
born, E.A. "An Evaluation of the 
Feasibility of Social Diagnostic Tech-
niques in the Transportation Planning 
Process." Highway Research Record 
410(1973)8-23. 

Sharpe, C.P. and Williams, D.L. 
"Soci.ai Capacity Indicators." Highway 
Research Record 470(19732-40. 

PUBLIC rR.ANSPORThPION SUBMARKET INDEX 

General Description--The PTSI is a 
composite index, used in the Baltimore 
area, of the needs of poor, elderly, 
carless and handicapped persons for 
public transportation. Needs are ag-
gregated in a weighted fashion to de.-
fine a submarket identification tool. 
The purpose of the measure is to iden-
tifv priority submarkets for public 
transportation. 

inputs/Outputs-- PTSI = GPD x W x PM, 

where: 
GPD: general pedestrian dependency 
W = relative magnitude weight 
PM = potential submarket 

Further, 
GPD = A x P x 
PM =E+H-C(H) 
w = PM/PMmjn 

where: 
A = percent carless households 
C = percent of handicapped who are 

elderly 
4min = percent population 65 years. 

and older 
H = percent handicapped 
i = median area income 
1 = median state or regional income 
P = mm. value of PM in state or 

region 
PMmin = average number of persons 

per household 
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Coents--Although this measure was 
developed to measure public transpor-
tation need, it could be applied in 
some cases to measure particular sen-
sitivity to accessibility in cases 
where accessibility would be influ-
enced by highway projects. Profes-
sional judgment will be required to 
determine the relevance of the techni-
que to highway impact assessment. 

Refernrs 

Stein, M. "Social Impact Assessment 
Techniques and their Application to 
Transportation Decisions." Traffic 
Quarterly.. April 1977. 

QUALITY OF LIFE INDICA'IORS OF SOCIAL 
IMPACTS INDEX 

General Description--This is an iden-
tification, scoring, and weighting sys-
tem which can provide highly disaggre-
gated data for quality of life indica-
tors at various times. The author has 
identified 50 factors which are "es-
sentiài components of quality of so-
cial life," and 5 general types of be-
havior-responses that éommunities make 
in response to social change. The 
factors are measured through a series 
of indicators, which contribute to de-
velopment of a standardized score for 
each factor. This system is distin-
guished by the fact that different 
factors are weighted differently, ac-
cording to their perceived value in 
the given setting. Forecasting of in-
dicator values, which further distin-
guishes the technique, is accomplished 
by predicting causal effect of differ-
ent factors on each other. It thus 
becomes possible using a computer to 
identify all the impacts likely to re-
suit from a specific alternative in 
one part of the system. Degree of 
change is measured by comparing values 
of indicators at different points in 
time. 

pUtS/Outputs--Input is the identif i-
cation and weighting of factors, as 
specified in the process; output is a 
measurement of social quality, and  

eventually, prediction of social im-
pac€s associated with development ac-
tions. 

Comments--The technique is complex, 
and not yet fully developed, but may 
be useful, for large scale prolects. 
It provides useful references on fac-
tors to consider, basis for weighting, 
and valuing in general. In addition, 
it identifies causal relationships 
among variables. 

Olsen, Marvin E. and Merwin, Donna J. 
"Toward a Methodology for Conducting 
Social Impact Assessments Using Qual-
ity of Life Social. Indicators." In 
Methodology of Social Impact Assess-
ment, Kurt Finsterbusch and C.P. Wol.f 
(eds.). Stroudshurg, Pa.: Dowden, 
Hutchinson and Ross, 1977. 

QUICK RESPONSE URP,N TRAVEL ESTIMATION 

Genera1 Description--provides methods, 
transferabi.e parameters, nolnographs 
and other techniques for manual esti-
iation of urban travel. Covers: trip 
generation, trip distribution, mode 
choice, auto occupancy, time-of-day 
distribution, traffic assignment, 
capacity analvsi.s and diversity-spac-
ing relationships. 

Inputs/Outputs--Inputs are land use 
measurements, area population, airline 
distances, network sketches, intersec-
tion characteristics, and others. 
Outputs include trip volumes, transit 
use, auto occupancy, hourly volumes, 
capacity and others. 

Rfrn 

Quick Response Urban Travel Estimation 
Manual Techniques and Transferable 
Parameters, Final Report, NCHRP Pro-
ject 8-12A, Census Corp., November 
1977. 
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REGIONAL (EMPLOYMENT/INCOME) 
MULTI PLI ER ANALYSIS  

General Description--A simple mathema-
tical modelling technique used to es-
timate the impact of transportation 
project expenditures on a regional 
economy. The technique is based on 
the concepts of economic base analysis 
(see listing). It measures the number 
of times each new. dollar introduced by 
a transportation project construction 
will be respent in the local economy. 

Inputs/Outputs--Inputs are construc-
tion and related expenditures, and 
data on basic and service industries 
in the region. Output is the sum of 
the direct and indirect employment or 
income generated by the project. 

Comments--The technique is readily ap-
plied; however, it is a rough estima-
tion technique. Prediction depends 
upon accuracy of the multiplier; pre-
cise estimates of the multiplier re-
quire extensive data collection. The 
value of a multiplier is questionable 
in large, complex urban economies. 

References 

Chapin, •F. Stuart Jr. Urban Land Use 
Planning. '(2nd Edition) Urbana, Illi-
nois: University of Illinois Press, 
1965. 

U.S. Department of Transportation. 
Environmental Assessment Notebook Ser-
ies: Highways (six volumes). Wash-
ington, D.C.: U.S. Government Print-
ing Office 1975 (G.P.O. No. 050-000-
00109-1). 

RIGHT-OF-WAY COST RATIO TECHNIQUE 

General Description--A computation 
method for estimating the first year 
loss of tax revenue due to land acqui.-
sition for highway rights-of-way. 

Inputs/Outputs--InPuts are the land 
acquisition cost, the ratio of as-
sessed value to fair market value and 
the tax rate per dollar of assessed 
valuation. 

Comments--An estimation technique 
suitable for preliminary screening. 

frns 

Klein, G.E. and others. Methods of 
Evaluation of the Effects of Transpor-
tation Systems on Community Values. 
Stanford Research Institute, Menlo 
Park, California, 1971. 

U.S. Department of Transportation. 
Environmental Assessment Notebook Ser-
ies: Highways (six volumes). Wash-
ington, D.C.: U.S. Government Print-
ing Office, 1975 (G.P.O. No. 050-000-
00109-1). 

SAPOLLUT AIR QUALITY MODEL 

General Description--A mathematical 
modelling technique developed by FHWA 
used to estimate future air quality 
based on future traffic and future 
road networks. 

Inputs/Outputs--Inputs are NYT', link 
lengths, type of area (CBD, suburb, 
etc.) type of road, and hourly capa-
city. Outputs are total emissions for 
the area network; also emissions data 
by zone, VMT or PMT. Program will, es-
timate CO, HC and NOx emissions, but. 
does not calculate concentrations as 
such. Adjustments can be made for 
emission control deterioration, speed, 
and evaporative emission. 

Comments--The technique requires sub-
stantial data and computer time. It 
is best used for complex urban and 
suburban networks. This is primarily 
a burden model applicable to regional 
scale analysis; it is not a local-area 
diffusion model. 

References 

U.S. Department of Transportation, 
Federal Highway Administration. Spe-
cial Area Analysis. August, 1q73. 
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SAPOLLtJT NOISE MODEL 

General Description--A mathematical 
modelling technique used to estimate 
future noise levels based on future 
traffic and facility location. The 
technique is based on the NCHRP Noise 
Model. 

Inputs/Outputs--Inputs include automo-
bile and truck volumes, flow charac-
teristics, and distances to receptors. 
Outputs are 1,10, L50  and vehicle 
specific noise levels on an hourly 
basis. 

Comments--The noise model is one part 
of a more comprehensive package; as 
such it is limited in scope, but is 
very useful for quick analysis of 
large scale projects in suburban or 
urban areas or regional assessment. 

References 

U.S. Department of Transportation, 
Federal Highway Administration. Spe-
cial Area Analysis. August, 1973. 

SHIFT-SHARE ANALYSIS 

General Description--An analytical 
technique used to estimate the size 
and growth trends of local economic 
sectors. Changes in economic activity 
are divided into those induced by na-
tional changes and those caused by re-
gional or local variations. Analysis 
is made of the differences between lo-
cal changes and the national changes. 

Inputs/Outputs--Inputs are data on the 
relevant economic sectors including 
current conditions and historical 
trends. Outputs are estimates by 
local sector size and growth trends. 

Comments--The technique is not appli-
cable for preliminary screening for 
short-range assessment. 

Refer ene s 

Hirsch, Werner. Urban Economic Analy-
sis. New York: McGraw-Hill, 1973. 

SIMPLE NEGATIVE SOCIAL IMPACT INDEX 

General Description--This index is a 
composite index used to identify areas 
which will tend to he negatively af-
fected by impacts associated with 
transportation pro-ject development. 
It is derived as follows: 
SNSI=l/15 (7D+7(A+E+3T+p'H) 
+ $) 

where: 
D 	= density (population per acre 
A 	= percent carless persons 
E 	= percent population over 6 

years 
T 	= percent residents with 10 

years plus tenance 
FR = percent female headed house- 

holds with own children under 
18 

$ 	= median household income 

Inputs/Outputs--As indicated in the 
formula. 

Comments--As with any mathematically 
derived index, considerable caution 
must be excercised in interpreting the 
SNSI index. As inputs indicate, con-
siderable emphasis is placed on vari-
ous measures of population density, 
which by themselves may not be con-
clusive characteristics. It is impor-
tant to combine use of such an index 
with personal knowledge of the area, 
and other measures of sensitivity. 

Pferenr 

Stein, M. "Social Impact Assessment 
Techniques and their Application to 
Transportation Decisions." Traffic 
Quarterly. Apri.l 1977. 

SOCIAL CAPACITY INDICATORS 

General Description--A mapping tech-
nique used to identify cohesive resi-
dential areas. The technique provides 
information on existing conditions. 

Inputs/Outputs--Inputs include re-
sponses to interview questions regard-
ing: 
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- difficulty in getting places 
- attitudes toward the proposed 

project and its alternatives 
- suggested design considerations 
- neighborhood identity 
- neighborhood issues 
- s6cio-econO1nic characteristics 

Cluster analysis is used to identify 
geographically discrete areas that 
share common attitudes. or opinions. 

Comments--The technique has been fully 
used in only one project; its relia-
bility and validity have not been de-
termined. Some tailoring of both the 
survey instrument and the output for-
mat will be necessary for use on any 
project. 

Pcfernces 
SOCIALLY SENSITIVE AREA IDENTIFICATION 

I = median city household income 
i = median census tract household 

income. 

Comments--The technique is not predic-
tive and the indices have not been 
validated. It is, however, a useful 
and disciplined approach to the analy-
sis of existing neighborhood condi-
tions. 

Pfrnr's 

Marshall, Kaplan, Gans & Kahn. Social 
Characteristics of. Neighborhoods as 
Indicators, of the. Effects of Highway 
Improvements. Federal Highway Admini-
stration, Washington, D.C., 1972. 

Sharpe, C.P. and Williams, D.L. "So-
cial Capacity Indicators." Highway 
Research Record 470(1973)32-40. 

SOCIAL FEASIBILITY MODEL 

General Descriptions--The technique 
involves a series of indexing techni-
ques and mapping techniques that de-
fine physical barriers, neighborhood 
activity patterns and pedestrian de-
pendency for existing neighborhoods. 
The model can be used to suggest how a 
proposed project will affect accessi-
bility within a neighborhood. 

Inputs/Outputs--Inputs are data on the 
physical and social characteristics of 
the neighborhoods and behavioral data 
obtained by interview survey. Outputs 
are pedestrian dependency indices and 
maps of existing activity patterns. 
Expert judgment must be used to inte-
grate the information. The general 
pedestrian dependency index is calcu-
lated as: 

GPDI = h x p x I 
1 

where: 
h = % households with no automobile 
p = average number of persons per 

household 

General Description--This technique 
consists of three formulas for deter-
mining factors which will cause 1) 
Simple Negative Social Impact; 2) Neg-
ative Impact on Individuals; 3) Nega-
tive Impacts on Neighborhoods. They 
are intended for use in urban areas to 
identify areas which should be avoided 
in highway location. 

l)SNSI _Di 	
(A+E+3T+FH)i 

Dmax + 2(A+E+3T+FH)max 

2)NII = Di 	
+ 4(2A+2E+2T+2FH+C+M/2)i 

3Dmax 15(2A+2E+2T42FH4C+M/2)max  

+ $min + (R+SF)i 
30$ 	30(R+SF)max 

______ 
+ 	mm 	Vmin 3)NIN = 2RTmin 	/NP/ 

15RT 15/NP/ 10V 

+ min VRmin 

6OSHi 	60VR 

Inputs/Outputs--Inputs are those 
needed to implement formulas: 
D 	= population density 
A 	= % automobileless households 
E 	=% 65 and over 
T 	= in home 10 'years or more 
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FH = % female headed households 
w/own children 

M = % minorities 
C = $ under 10 years old 
S = median family income 
R = % land residential 
SF = % of single family homes 
RT = residential turnover 	(% in 

homes less than 5 years) 
/NP/ = + change in neighborhood 

population 
V = % of land vacant or farm 
SH = % substandard housing 
VR = vacancy rate 
i = local value 
max = maximum value 
min = minimum value 

Outputs are numerical indexes which 
provide a rough measure of sensitivity. 

Comments--These formulas should be ap-
plicable to a variety of situations. 
Their applicability could be extended 
to alternatives comparison, but cau-
tion should be exercised in using them 
based on analysis of their effective-
ness in other situations. 

Rpfprnrc 

Finsterbusch, Kurt and Barker, Michael 
(eds.). Social Impact Assessment Man-
ual for Highways. Baltimore, Md.: 
State Highway Administration, Bureau 
of Research, Maryland Department of 
Transportation, September 1977. 

SOCIAL INTERACTION ANALYSIS 

General Description--A mathematical 
modelling technique used to describe 
existing community travel or interac-
tion patterns. This is an origin-des-
tination analysis technique adapted to 
the study of community interaction. 

Inputs/Outputs--Inputs include or ig ins 
and destinations of trips, frequency, 
and socio'-economic characteristics. 
Data collection is done by mapping, 
trip diaries and survey interview 
techniques. Outputs are origin-des-
tination maps or tables, and informa-
tion of the relative importance of 
community interactions. Data can be 

aggregated or disaggregated depending 
on the complexity of the problem being 
studied. 

Conmients--This. is a relatively expen-
sive-analysis technique and is only 
warranted for detailed assessment. 
The information on community interac-
tion can be used to define approximate 
community boundaries and estimate the 
potential for disruption of estab-
1.ished interaction patterns. 

References 

Ellis, R.H. and Worrali, R.D.- "Toward. 
Measurement of Community Impact: The 
Utilization of IsDngitudinal Travel 
Data to Define Residential Linkages." 
Highway Research Record 277(1969)25-36. 

Worral and Peterson. Crosstown Ex-
pressway Neighborhood Impact Study: 
Final Report. Crosstown Design Team, 
Chicago, 1968. 

See, for example: 
U.S. Department of Transportation, 
Federal Highway Administration and 
Virginia Department of Transporta-
tion. DEIS - Bridge Crossing at 
Hampton Roads: 1-664. 1971. 

SPIES SITE RUIRNFNTS/ 
HABITAT ANALYSIS 

General Description--A descriptive 
modelling technique that relates the 
site and/or habitat requirements for 
various plants and animals to existing 
conditions. The technique is used to 
describe existing conditions. 

Inputs/Outputs--Inputs include data on 
site geology, soils, macro and micro-
climate conditions. For animals, 
analysis also requires an inventory of 
plant species in the area and their 
productivity. Existing conditions are 
compared to conditions known to be 
adequate and supportive for particular 
species. The output is a judgment as 
to whether existing conditions are 
compatible with species site or habi-
tat requirements. By the use of ex- 
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trapolation and expert judgment the 
effects of future changes can be 
roughly estimated. 

Comments--The analysis is general and 
highly judgmental except where toler-
ance ranges or thresholds can be spe-
cified for particular species. 

Kemp, L.E. Biology of Water Pollu-
tion. Federal. Water Pollution Control 
Administration. Cincinnati, 1967. 

Lowe, R.L. Environmental Requirements 
and Pollution Tolerance of Freshwater 
Diatoms. Office of Research and De-. 
velopment, U.S. Environmental Protec-
tion Agency, Cincinnati, 1974. 

Tarzwell, C.M. Biological Problems in 
Water Pollution. U.S. Department of 
Health, Fklucation and Welfare. Cin-
cinnati, 1965. 

SRGP 

General Description--Short Range Gen-
eralized Policy sketch planning model 
designed to produce rapid turnaround 
estimates of the regional consequences 
of car/van pooling, pricing, and tran-
sit improvement actions. 

Inputs/Outputs--Inputs include house-
hold attribute file (prepared in ad-
vance) with work trip data segments, 
plus control statements so that the 
user can. specify changes in work trip 
level-of-service attributes. Outputs 
are vehicle-miles, transit and auto 
passengers, non-work person trip to-
tals, fuel consumed, pollutants emit-
ted, total trips, trip length, and 
number of carpools. 

Comments--Operates on small sample 
base of 1000 household interviews, and 
does not consider longer-term impacts 
such as residence location. Model is 
available in both automated and manual 
forms. 

Cambridge Systematics, Energy Conser-
vation Manual, Federal Energy Adminis-
tration,.Washington, D.C., 1978. 

SROLE ANOMIE TEST 

General Description--A measurement or 
indexing technique used to determine 
the degree of individual helplessness 
or psychological alienation felt by a 
person. The test is used to establish 
existing social conditions in a com-
munity or neighborhood. 

Inputs/Outputs--Inputs are the respon-
dents' response to statements such as: 
1 There is little use in writing to 

public officials because often they 
aren't interested in the problem of 
the average man. 

2 Nowadays, a person has to live pret-
ty much for today and let tomorrow 
take care of itself. 

3 In spite of what some people say, 
the lot of the average man is get-
ting worse, not better. 

4 It's hardly fair to bring children 
into the world with the way things 
look for the future. 

5 These days, a person doesn't really 
know whom he can count on. 

Responses are scaled to provide an in-
dex measure of anomie as the output; 
affirmative answers are scored as 1. 
A score of 0 indicates low anomie, a 
score of 5, high anomie. 

Comments--The teáhnique does not mea-
sure any impact. It is used in as-
sessing the susceptibility of a com-
munity or neighborhood to disruption 
and requires expert interpretation. 

References 

Thurz, D. "Where Are They Now?" 
Health and Welfare Council of the Na-
tional Capital Area, Washington, D.C., 
1966. 
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STABILITy INDEX 

General Description--An indexing tech-
nique used to measure the relative 
stability of a community. The index 
provides a measure of existing condi-
tions. (See also Mobility Index.) 

Inputs/Outputs--Inputs include the 
percentages of owner occupied housing, 
single family occupancy, and house-
holds living in the same unit for five 
years or more. The output is an index 
scaled 0 (low stability) to 200 (high 
stability). 

Comments--The reliability and validity 
of the index have not been established. 

RPfArAnnPq  

Hill, Stuart L. and Frankland, Barn-
ford. "Mobility as a Measure of 
Neighborhood." Highway Research Re-
cord 187(1967)33. 

TRADE AREA ANALYSIS 

General Description--A set of analysis 
procedures used to estimate future 
market support for retail and service 
industries. Analysis can be done for 
individual businesses or groups of 
businesses. The technique is based on 
central place and gravitation models. 

Inputs/Outputs--Inputs include data on 
population, household income charac-
teristics, spending patterns, retail 
and service industry locations and in-
formation on the physical characteris-
tics and transportation system of an 
area. Outputs are sales (volume, col-
lars) by product type or businesses. 

Comments--Analysis effort varies with 
the level of detail required; most 
data are available from standard 
sources. Expert judgment is required. 

References 

Garrison, W.L., Berry, Brian and 
others. Studies of Highway Develop-
ment and Geographic Change. Seattle, 
1959. 

Nelson, R.L. The Selection of Retail 
Locations. New York: F.W. Dodge 
Corp., 1958. 

Witherford, David K. "Highway Impacts 
on Downtown and Suburban Shopping." 
Highway Research Record 187(1967)15-20. 

TRANSIT PLANNING TBHNIJES 

General Description--A handbook devel-
oped the market estimation of the im-
pacts of transit-oriented TSM actions. 
Provides formulae, graphs, and default 
values applicable to the planning and 
evaluation of the simpler bus transit 
systems or parts of more complicated 
systems. 

Inputs/Outputs--Selected transit TSM 
actions along with. descriptions of ex-
isting service if present are the in-
puts. Outputs include estimated 
changes in a wide variety of transit 
system performance measures such as 
patronage, vehicle-miles and hours, 
costs, frequencies, fleet size, fuel 
consumption and pollutants emissions. 

Comments--Part of a three-volume ser-
ies on analytical approaches to tran-
sit TSM evaluation. Volumes 1 and 3 
cover the TSM process and computer 
techniques. 

References 

Alan M. Voorhees & Associates. Hand-
book for Transportation System Plan-
ning: Volume 2 - Handbook for the 
Evaluation of Individual Transit-Re-
latéd .TSM Projects. North Central 
Texas council of Governments, August 
1977. 

TRANSPORTATION AND TRAFFIC GINEERING 
HANDBOOK 

General Description--Basic, reference 
for the field, providing parametric 
information and methodologies for ve-
hicle operation, traffic flow, pedes 
trians, urban travel, mass transpor-
tation, capacity, safety, surveys, 
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design, parking, signals, lighting and 
many other areas. 

Comments--Rich source of information 
useful in preliminary assessment, TSM 
analysis, and overall assessment of 
"newer" alternatives. 

References 

Transportation and Traffic Engineering 
Handbook, Institute of Traffic Engi-
neers, 1976. 

TRANSPORTATION SYST4S CENTER 
NOISE MODEL 

General Description--Mathematical 
modelling techniques--one a simple 
nomograph, the other a computerized 
program--used to predict future noise 
levels based on future traffic and 
facility design. 

References 

TRIP GENERATION 

General Description--Various techni-
ques for estimating trip production 
rates. Usually disaggreqated by land 
use types, often tabulated for daily 
and peak hour, and usually for vehicle 
trips only. 

Inputs/Outputs--Inputs include de-
scriptions of land use or land use 
mixes in terms such as number of 
dwellings, employees, floor area, or 
size in acres. Outputs are generally 
daily or peak hour vehicle trip vol-
umes. 

Comments--Used to estimate traffic im-
pacts of new or changed land uses. 
Various catalogs of trip generation 
rates are available. Method contrasts 
to aggregate zonal prediction methods 
often used in long-range planning. 

Inputs/Outputs--Inputs for the nomo-
graph include traffic volume and flow 
characteristics, facility design and 
distarce to receptor. Outputs are dBA 
L10 noise levels. The computerized 
version requires accurate locational 
mapping of the receptors, local topo-
graphy and specification of barriers 
and attenuating ground cover. Also 
used are data on hourly truck and 
automobile volumes', speeds and mix. 
The model will predict •Le,  L50, 

INP and octave band levels 
(A-weighted 63 to 800 Hz). 

Comments--The nomograph is adequate 
for preliminary screening. The com-
puterized 

om
puterized technique is best applied to 
complex networks; however, it does not 
treat the effects of grade, pavement 
surface, or interrupted traffic flow. 

References 

Wesler, J.E. Manual for Highway Noise 
Prediction. (Short version), Cam-
bridge, Mass.: U.S. Department of 
Transportation, Transportation System 
Center, 1972. 

Trip Generation, Institute of Trans-
portation Systems Informational Re-
port, 1976. 

TRIMS 

General Description--A mathematical 
modelling technique used to project 
trip tables and traffic data. This is 
a simplified version of the standard 
PLNPAC/TJTPS transportation, forecast-
ing models. TRIMS has the capacity to 
project car occupancy and peak hour 
traffic data. However, the technique 
is limited to dealing with 150 travel 
zones and produces aggregated data. 

Inputs/Outputs--Given district-level 
population, and land use characteris-
tics, and mode split data, TRIMS pro-
duces district-level trip tables, net-
work accessibility data, and traffic 
data by type of link. 

Comments--The model operates from the 
PLANPACJUTPS data bases, and must, 
therefore, be interpreted with them. 

- 
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Mann, W.H. "TRIMS - A Procedure for 
Quick Response Transportation Plan-
ning." Internal Report for the Wash-
ington Metropolitan Council of Govern-
ments, 1975. 

UTCS, SCOT - FLOW MODELLING 

General Description--Mathematical 
modelling techniques used to estimate. 
future traffic flow at the street and 
intersection level. The models simu-
late individual vehicle or platoon re-
sponse to traffic operations or simi-
lar transportation systems management 
actions. US-1 is applicable to sur-
face streets. SCOT combines US with 
a freeway model for corridor analysis. 

Inputs/Outputs--Inputs include sub-
area trip tables by purpose and time. 
Outputs are traffic volumes for short-
time periods, speed, delay, timing 
movements, queue lengths, etc. 

Comrnents --- These techniques can be 
used to determine detailed traffic 
flow on individual road links for 
short-range assessment. They are not 
applicable for long range assessment 
due to the degree of uncertainty in 
long-range trip tables. At the pre-
sent time, the techniques are expen-
sive to use except where already 
available. 

References 

U.S. Department of Transportation, 
Federal Highway Administration. U1S 
- 1 Users Manual (FHWA-PD-73-86). 

UTPS AND PLANPAC 

General Description--These are mathe-
matical modelling techniques used to 
project travel demand, trip distribu-
tion and network traffic assignments. 
They are oriented to deal with long-
range, regional scale transportation 
planning problems. Both models make 
use of the conventional four-step 

analysis process: trip generation, 
trip distribution, mode split and as-
signment. Each can accommodate a 
large number of zones and detailed 
road networks. The model.s can supply 
relatively fine-grain data for impact 
assessment, especially in situations 
where system sensitivity is not criti-
cal. 

Inputs/Outputs--The models require 
data on highway and transit networks, 
system characteristics, and sócio-eco--
nomic data. Outputs include travel. 
demand data, link volumes, 'etc. 

Comments--These models are available 
as prepackaged computerized programs. 
They are, however, relatively expen-
sive to apply if the data has not been 
developed for the area to be studied. 
The programs include subroutines for 
calibration, data manipulation, and 
out-put formatting, etc. Special sub-
models for specific analysis routines 
can be fitted to the main model. The 
models are widely available; many re-
gions and states have had considerable 
experience with them. PLANPM is ori-
ented to highway, analysis, and UTPS 
was originally developed for transit 
analysis. Development work is being 
concentrated on UTPS, which now has 
efficient highway analysis features. 

Pffrnr.c. 

U.S. Department of Transportation, 
Federal Highway Administration. Com-
puter Programs for Urban Transporta-
tion Planning. Washington, D.C., 1974. 

UTPS Reference Manual. (Available 
from the National Technical Informa-
tion Service under accession number PB 
246-8171).. 

WATER QUALITY ANALYSIS TBHNIQU ES 

General Descriptions--A set of mea-
surement and indexing techniques used 
to establish existing conditions with 
respect to water quality. Analyses 
include: 

- 
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- Biological/Chemical Oxygen Demand 
Analysis 

- Chemical Analysis 
- Biological Indicators Analysis 
- Turbidity Index 
- Pollution Retention Time Analysis 
- Temperature Analysis 

Inputs/Outputs--Var ies by technique; 
all involve direct analysis of water 
samples either on site or in a labora-
tory. 

Coimients--In most cases, analysis data 
on water quality will be available as 
secondary data from other agencies 
(i.e., EPA's STORE'r data processing 
system). By use of extrapolation and 
expert judgment, estimates can be made 
of the probable impact of trànsporta-
tion projects. 

Da Fa ran na C 

Weber, Cornelius. "Biological Field 
and Laboratory Methods for Measuring 
the Quality of Surface Waters and Ef-
fluents." U.S. &wironmental Protec-
tion Agency, Washington, D.C., 1973. 
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Appendix B 

Case Examples 
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The purpose of Appendix B is to indicate, in abbre-
viated form, how the principles presented in the 
Guidelines can be applied to actual projects. Three 
cases' have been illustrated: 

Case 1--Urban Transit Corridor 

Case 2--Bridge Replacement on a Suburban Highway 

Case 3--Relocation and Upgrade of a Rural Highway 

The cases have been chosen to illustrate a diverse 
range of projects' and issues where appropriate use 
of the no action alternative can contribute to im-
proved decision-making. The cases are not intended 
to represent actual projects and are used for illus-
trative purposes only. Information in each case 
discussion has been presented in simplified form to 
illustrate concepts without the level' of detailed 
technical' support which would conventionally be re-
quired to meet federal and/or state environmental 
reporting requirements. 
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CASE EXAMPLE 1: URBAN TRANSIT CORRIDOR  

A transitway for buses or light rail vehicles (LRV) 
cars has been proposed as a means of improving ac-
cess between the central business district of the 
City and the eastern suburbs. The transitway would 
be built alongside an existing highway, the Radial 
Freeway, which is severely congested during rush 
hours. State transportation planners had proposed 
to expand the highway ten years ago, but the pro-
posal was rejected by a three to one vote in a citi-
zen-initiated referendum. 

EXISTING CONDITIONS 

Transportation. The Radial Freeway was built thirty 
years ago to provide access from the commercial and 
office district to the inner suburbs and the devel-
oping areas to the east. It was adopted into the 
interstate highway system in the mid-1960's and per-
iodic efforts have been made since then to upgrade 
it. The Freeway is 10 miles long and connects two 
circumferential highways, the Inner Circumferential 
and the Outer Circumferential, which are the main 
north-south routes for the regional highway network. 
To get from the downtown to the Radial Freeway and 
the Inner Circumferential, cars and buses must cross 
over the River. There are seven bridges serving 
this east-west traffic, but connections to these 
bridges from the downtown and the freeways are cir-
cuitous and the capacity of many of the bridges is 
limited. There are no special provisions at present 
for preferential inbound and outbound operation of 
the bridges during peak hours, although the idea has 
been discussed with the Bridge Authority for several 
years. The City, the Authority, and the State have 
all deferred action in anticipation of the transit-
way proposal. 

Between the Inner Circumferential and Midway Avenue, 
the Radial Freeway has six lanes with standard 
shoulders within a 94 foot right-of-way; beyond Mid-
way, the road narrows to four lanes with shoulders 
and a 72 foot right-of-way. Abutting properties 
have been developed on both sides of the Freeway for 
almost all of the ten mile length of the road. Ex-
pansion of the right-of-way is possible but would 
involve major acquisition and relocation of housing 
and businesses. 

The Transit Company operates about forty bus routes 
on arterials in the corridor area and several com-
muter buses on the Freeway itself, but there are no 
special provisions or priority lanes for buses, car-
pools or vanpools on either the arterials or the 
Freeway. 
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Land Use. The transitway would be developed com-
pletely within urbanized areas. The downtown is the 
regionai center for government, finance and other 
service industries and is economically strong. The 
fringes of the downtown are deteriorating, however, 
and there is concern that unless substantial access 
improvements are made, the City will lose jobs to 
the suburban areas. The areas between the Inner 
Circumferential and Midway Avenue are fully built-up 
with industrial/commercial land uses and older resi-
dential neighborhoods. Between Midway and the Outer 
Circumferential, the land use is predominately resi-
dential and contains newer, stable neighborhoods. 
Beyond the Outer Circumferential are low density, 
residential subdivisions initially developed in the 
late 19601 s, but still growing today. 

AREA PLANS AND COMMITTED PROJECTS 

Transportation. The Highway Commission has approved 
an extension of the Radial Freeway beyond the Outer 
Circumferential into the developing suburban areas. 
The plans call for reserving a transit right-of-way 
in the median and this nas encouraged planning for 
the inner section of the transitway. Selected im-
provements to the existing arterial streets which 
parallel and intersect the Radial Freeway between 
the Inner and Outer Circumferentials are programmed 
for construction; however, the funding is controlled 
by the City, not the state transportation agency, 
and has been delayed for a year in anticipation of 
the transitway study. 

The Transit Company plans to extend Bus Route A to 
the terminus 'of the new Freeway extension when and 
if it is built. There is a separate plan for a new 
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Bus Route (B) on Arterial B. As part of the plan, 
parking restrictions and a preferential signaliza-
tion system will be installed to improve the travel 
time to the downtown. Both Routes A and B will 
serve a new pedestrian/transit mall in the downtown 
shopping area that is presently under construction. 

Land Use. The new pedestrian and transit mall in 
the downtown shopping area will be completed within 

a the yer; the project has already generated in-
creased business for retail and specialty shopping 
stores. in the mall. A new parking garage to serve 
shoppers is planned near the mall and several high 
rise off ice buildings have been proposed, but none 
have started construction because of financing prob-
lems. No new major projects are planned for the in-
ner suburbs. However, in the areas east of Midway, 
there have been several successful rehabilitation 
projects aimed at revitalizing local retail centers. 
The major growth areas will continue to be in the 
eastern suburbs beyond the Outer Circumferential and 
will include development of residential areas, re-
tail shopping and service malls and some heavy in-
dustry in the northern sectors. 

ISSUES 

The major issues to be addressed were defined as: 

traffic congestion and cost effectiveness--
there is a general consensus that access to 
the CBD from the eastern suburbs must be im-
proved, but there is great concern that this 
bedone in a cost effective manner that min-
imizes corridor and regional impacts. The 
community is skeptical about the ability of 
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Figure B-3 
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the transportation agencies to produce a 
transit-oriented solution. 

neighborhood impacts--residents in the older 
suburbs between -the Inner Circumferential 
and Midway Avenue will not accept a facility 
unless it reduces traffic impact on their 
neighborhoods. They believe commuters from 
the outer suburbs will benefit while they 

- 	will bear the costs. 

environmental impacts--air pollution in the 
inner suburbs and the region has noticeably 
deteriorated in the last several years pro-
vokinga widespread demand for action. 

development and growth--is a particular con-
cern for the City. It no longer has a 
strong manufacturing base and officials be-
lieve that access must be improved to the 
growth areas in the eastern suburbs. 

ALTERNATIVES 

Four alternatives were developed: 

No-Action Alternative: Maintenance: This assumes 
that the Radial Freeway and the existing arterials 
in the corridor and region will be maintained but 
that there will be .no efforts made to significantly 
increase capacity. It is assumed that the Radial 
Freeway Extension will be constructed as planned and 
that Bus Routes A and B will be implemented, but 

. that the,, buses on these routes will operate in gen-
eral traffic with no - provision for preferential 
lanes or signalization. Other transit service will 
remain as - is. There would be no changes in the op-
eration of the bridges. 
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Minor Alternative 1: Operational Improvements: 
This alternative was limited to operational and 
minor capital improvements such as improvements to 
intersection geometry, signalization, construction 
of turning lanes and bays, and implementation of 
parking restrictions and reversible lanes on the 
bridges. These improvements would be undertaken on. 
the major east-west and north-south arterials serv-
ing the area. As with the noaction alternative, it 
was assumed that the Radial Freeway Extension would 
be completed and new Bus Routes A and B implemented, 
but with preferential lanes or signalization where 
feasible. 

The purpose of this alternative was to estimate the 
cost effectiveness of a low capital investment pro-
gram. The alternative was viewed as a necessary 
"fall back" plan if the transitway proposal were re-
jected. Although most of the actions included in 
the alternative had been discussed before, this was 
the first public recognition and attempt to evaluate 
tflese as an areawide program. 

Minor. Alternative 2: High Occupancy Vehicle Lane: 
This alternative involved the designation of a pre-
ferential, high occupancy vehicle lane (HOVL) in the 
Radial Freeway for buses and carpools, etc. The 
HOVL would extend from the downtown near the pedes-
trian mall to the end of the Freeway. The alterna-
tive assumed completion of the Radial Freeway Exten-
sion, operational and low capital improvements to 
existing arterials in the area and implementation of 
bus routes A and B, etc. The HOVL was treated as a 
separate alternative because special entrance and 
access ramps must be constructed to provide unhin-
dered access at major intersections. It was antici-
pated that this action would require property aui-
sition and, potentially, relocation of several busi-
nesses. The purpose of the alternative was to de-
fine the maximum improvements that could be made to 
the existing road network. 

Major Alternative: Bus or Light Rail Transitway: 
Under this alternative, an exclusive roadway for 
buses or trackbed for LRV's would be constructed in 
the expanded . right-of-way of the Radial Freeway. 
The busway would follow the Radial Freeway Extension 
with optional routes going north and south on the 
Outer Circumferential; traffic volumes on the Outer 
Circumferential were not judged to be a problem for 
express buses. Three options for the light rail 
transitway were explored: the first route would 
follow the Radial Freeway Extension to its terminus; 
the second would provide service south along the 
Outer Circumferential, turning east onto Arterial B 
to strengthen service in the southeast suburbs; and 
the third would provide for north-south routes along 
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Figure B-7 
Major Alternative: 
Busway or Light Rail 
Transitway 

\ 	xt 
TSR-type improvements 

kb 	to local arterials 
intersecting Radial  
Freeway 

\.I E lusi Bus or Light Ba 1. 

	

\ 	. 	 (trolley) Transitway on 
Radial Freeway with 

'1 	
optional extension along 
Outer Circumferential 

	

- 	 - - - - - - 

	

---'--'-- 	 I 
Radial Freeway 

Pedestrian! 	 ' 	. 	Operational changes 
Transit Mall 	 H (reversible lanes) 	' I 	;lf on bridges 

the 'Outer Circumferential. The major alternative 
would incorporate the operational and low capital 
improvements developed for Minor Alternative 1. 

IMPACTS 

Table B-1 summarizes the initial findings. Expan-
sion of the transit system would increase the after 
revenue deficit by 32 to 97% depending upon the al-
ternative selected. Capital costs range from $13 
million for the no, action alternative to $185 mil-
lion for the transitway option; 20% of,  this would 
have to be financed locally to match federal grants. 
With these expenditures there •are a number of trade-
off s. The no-action and operational improvements 
minimize the total number of transit vehicle miles 
travelled but most of these are routed through the 
neighborhoods on existing arterials. The transitway 
alternatives would increase transit mileage by as 
much as 92%-which in itself would contribute to in-
creased pollution, and energy consumption, ' etc.; 
however, these alternatives would funnel this traf-
fic along the. Freeway, removing it from the - neigh-
borhoods and arterial streets. Construàtion would 
require a significant number of property takings and 
relocations that would not occur with the no-action 
and operations alternatives. ,These impacts would be 
offset by increases in transit ridership (up to 25%) 
and an annual reduction of up to 58 million vehicle 
miles of travel by 1990. This decrease in overall 
traffic would dwarf the increase in transit traffic 
-and has the, potential of making real progress toward 
improving the region's air quality. There is, how-
ever, no assurance that relieving congestion on the 
Freeway and arterials would not, after a short time, 
simply induce new automobile trips resulting in the 
same congestion problems existing now. 
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Table B-1 
Summary of Impacts 

MINOR ALTERNATIVES MMOR ALTERNATIVES 

NO ACTION 
ALTERNATIVE OPERATIONAL HIGH OCCUPANCY* NUSWAY LIGHT RAIL* 

IMPROVflIRNTS VERICLE LANES TRANSITWAY 

RIDtS 	1990 ANNUAL 13.5 15.3 18.3 19.2 17.4-19.2 

1990 Annual $12.1 $15.3 $15.9 $17.9 $13.8-14.4 

Operating (000,000) 

$71.8-120.6 $126.7-130.4 $149.0-185.6 
Capital, md. $13.0 $26.4 

is 
E. Vehicles 	($000,000) 
U, 
0 
° 1990 Annual, $13.7 $18.1 $22.124.8 $28.3-28.6 $25.827.3 

Total 	($000,000) 

1990 Operating! $0.89. $1.00 $0.87 	 - $0.93 $0.75-0.79 

Passenger 

x. 
Quality good coverage improved connectivity improved connectivity improved connectivity high connectivity 

& frequency & frequency high frequency low route duplication 
low connectivity 

delay to non-peak duplication of duplication of service transfers needed 
route duplication suburban buses service on freeway on freeway downtown 

Market commuter commuter commuter diverse orientation diverse orientation 

-' Orientation inner suburbs poor access frequent inner appeal to current 

to inner suburbs suburb service auto users 

'0 

Reliability delays & haphazard delay & occasional freeway separate from other separate from other 

& Safety accidents caused accident risk caused traffic interference traffic traffic 

by auto traffic by auto traffic 

Downtown 400 buses/pk. hr. 585 buses!pk. hr. 609 buses,'pk. hr. 630 buses,'pk. hr. 500 busesi'pk. hr. 

Operations 55 buses off mall 215 buses off mall 230 buses off mall 230 buses off mall 150 buses off mall 

vironmental on existing increased bus traffic increased bus traffic high bus volumes reduced bus 

arterials, existing on arterials on freeway on freeway arterial traffic 

'0 
neighborhoods increased increased impact 

- neighborhnod traffic- adjacent to freeway 
related impact 

t.1 

Displacement none 2 properties 14-91 properties 77-91 properties 43-364 properties 

no relocation 102-189 relocation 181-189 relocation 25-226 relocation 

Land Developnent continued suburban continued suburban clustering possible clustering possible clustering possible 

developnent developsent around transit station around transit station around transit station 

ationship to Outer 
Circumference 

Outer 
Circumference 

Outer 
Circumference 

Outer 
Circumference 

Outer 
Circumference 

er 
cumferential 

LTran.itwaY 
busway busway busway busway busway 

required not 
(O!c) not required not justified required required 

*ranges in impacts are due to alignment variations 

The analysts noted that the planning horizon--1990 
placed significant limitations on the impact analy-
sis. The basic concern was that long term effects of 
the heavier cost, higher capacity major transitway 
option were not portrayed, since the trarisitway 
would have been in service only eight years. If 
longer term land use clustering effects would take 
place, then higher ridership would result, with cor-
responding increases in system cost effectiveness. 
The analysis highlighted this concern, but did not 
attempt to do longer term projections of land use 
and patronage. 
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CASE EXAMPLE 2: BRIDGE REPLACEMENT ON A SUBURBAN 
HIGHWAY 

Route 9, a state highway, runs southwest from the 
City of Eugene. About four miles from the city, the 
highway crosses King's River on a narrow, two lane 
bridge. It is this bridge which must be replaced; 
the bridge is thirty years old and the machinery 
which opens and closes the bridge to allow boat 
traffic up and down the river is badly worn and 
breaks down regularly. In the last six months 
alone, the bridge has jammed open more than a dozen 
times for periods ranging from several hours to a 
week. 

EXISTING CONDITIONS 

Transportation. Route 9 is the main access route 
between Eugene and the suburbs and coastal farming 
areas to the south. From Eugene to the river, it is 
a four lane divided highway with access control. 
The road narrows to two lanes at the bridge and then 
continues south as a two-lane undivided highway un-
til it intersects with Route 12, also a 2-lane undi-
vided state highway. Were it not for the bridge, 
the capacity of Route 9 would be adequate to meet 
current travel demands in the area, but the recur-
rent breakdowns and subsequent repair work have pro-
duced severe congestion and long delays south of the 
bridge. 

This has caused traffic to divert to Traverse Road, 
a county road which parallels Route 9 two miles to 
the west. Although the county has made a number of 
operational and safety improvements to Traverse 'Road 
over the last year, the capacity of the road is lim-
ited and travel time to Eugene by way of Traverse 
Road is twice that of Route 9. 

Route 12 services an oil refinery on the coast near 
the mouthof the river; the traffic generated by the 
refinery accounts for a substantial proportion of 
the daily traffic. This road also carries a moder-
ate amount of weekend recreational traffic between 
the coast and the major city 50 miles to the west. 

Land Use. Eugene is a city of approximately 80,000. 
Low density residential suburbs and several large 
shopping malls have been developed between the city 
and the river. The area south of the river, Louis 
County, is predominately agricultural, but is begin-
ning to feel pressure for residential development. 
Most of the development to date has been along Route 
9 and Traverse Road just south of the bridge. This 
has spurred development of a commercial strip along 
Route 9 which has added significantly to the conges-
tion on that road. The oil refinery and several 

120 



Figure B-8 
Existing Transportation 
and Land Use Context 
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small marinas are .the only industries other than 
agriculture in the northern part of the county.. The 
southern half of the county has a strong recreation/ 
tour ism industry along the coast, but little •. other 
industry. 

AREA PLANS AND COMMITTED PROJECTS 

Transportation. The, adopted state highway plan 
shows Route 12 upgraded from a two-lane undivided 
highway to a.four-lane. divided highway, however, the 
funding priority is low. In the interim, the county 
has undertaken minor operational and safety improve-
ments at 'a number of intersections; this program 
will continue next year. The plan also shows a new 
circumferential connector on the north side of 
King's River; a final EIS has been prepared for this 
project. 

Land Use. The county has developed a land use plan' 
and a growth management policy based in part on the 
availability of water and sewer services. The plan 
would retain much of the existing agricultural lands 
for agriculture or conservation, but has provided 
for a number of PUD-type residential developments in 
the, northern half of the county; several are on the 
coast south of the refinery area, but the majority 
are concentrated around the Route 9 and Route 12 
corridors. To service these developments, the 
county has entered into preliminary discussions with 
several developers for 'construction of 'a retail 
shopping mall/village center near the intersection 
of' Routes 9 'and 12. The county has also 'authorized 
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Figure B-9 
Plans and Proposals 
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the construction next year of a small office park 
and shopping mall off Traverse. Road near the river; 
the administrative offices for the county government 
will be located in the office park. 

The oil refinery is anticipating a moderate expan-
sion over the next several years. At present, it 
serves the City of Eugene and a number of other 
coastal towns by barge and does only a minimal 
amount of bulk shipping by truck; however, company 
officials anticipate that truck shipments will 
double -in. the next five years; most of the trucks 
will travel westward over Route 12 toward the major 
city. 

ISSUES 

A preliminary review of the project identified the 
following areas of ôoncern: 

public safety and reliability of service--
the swing mechanism is so badly worn that 
reliable service on the bridge cannot be 
guaranteed. The bridge engineers have de-
termined that the decking of the bridge must 
be replaced within two years to maintain 
safety. 

maintenance costs--an analysis of-  mainte-
nance costs for the bridge based on the last 
five years experience suggests that mainte-
nance costs on the existing bridge will be-
come prohibitive within several years. 
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access controls and road capacity--there is 
no 	control over traffic turning of f of or 
onto Route 9 from the commercial strip along 
the highway. Thetraffic engineers are wor-
ried that turning traffic will cause conges-
tioñ even if the road is widened to four 
lanes. To offset this they have proposed a 
divided highway from the bridge south to 
Route 12. Businessmen along Route 9 have 
already expressed opposition to this idea. 

"spill over" traffic--the bridge closings 
and repair work have diverted traffic to 
Traverse 'Road; any construction on a new 
bridge or approach road will likely increase 
the volume of diverted traffic and intensify 
the congestion, safety, air and noise prob-
lems that are beginning to surface along 
Traverse Road. 

business displacement--at a minimum, expan-
sion of Route 9 will require the taking 'of 
the parking lots now in front of many of the 
Route 9 businesses. If a' divided highway is 
built several businesses will be relocated 
and almost all the businesses along the 
strip will lose direct access to Route 9. 

rate of growth--although the county has a 
land use plan and a growth management plan 
there is considerable reluctance to promote 
growth. County officials fear that a four-
lane highway may push up the growth rate too 
fast and increase the pressure to develop 
prime agricultural lands. The present land 
use plan was strongly opposed by develonent 
interests in the county. 

wetlands impact--environmental groups in the 
area are concerned about possible impacts to 
the wetlands along the King's River. 

ALTERNATIVES 

To explore these issues, three alternatives were ae-
veloped for impact assessment: 

No-Action Alternative--was defined as: 

replacement of the swing mechanism and re-
decking of the existing bridge with no in-
crease in capacity. Replacement and redeck-
ing were included as extraordinary mainte-
nance expenditures because it was judged 
that failure to replace the existing equip-
ment would clearly endanger public safety 
and necessitate a complete closing of the 
bridge. 
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Figure B-lO 
No-Action Alternative 	

Circumferential 
Connection 

Reconstruct swing rne 
and redeck bridge 

/ 
County-initiated TSR 
type improvements along 
Traverse Road and at major 
intersections to increase 
capacity and safety 

continued maintenance of Route 9, Route 12 
and Traverse Road. Although Route 12 is de-
signated on the 'adopted highway plan as a 
four-lane facility, it has a low priority on 
the multiyear plan; it was assumed that it 
would remain as a two-lane highway in the 
absence of major improvements to Route 9. 

no change in areawide transportation poli-
cies. 

for other planned projects it was also as-
sumed that the northern circumferential con-
nector would be constructed; system level 
analysis showed that travel demand and traf-
fic along Route 9 and Traverse Road were not 
sensitive to the presence or absence of the 
connector; but since the project is well ad-
vanced and scheduled to begin construction 
within two years, it was included in the fü-
ture regional network. 

The purpose of the no-'action alternative was to de-
fine a benchmark against which the impacts of other 
alternatives could be measured. Replacement of the 
swing mechanism, redecking, and maintenance of the 
existing roadways in the area were judged' to be the 
minimum level of investment that could be expected 
of the state to maintain public safety and keep the 
corridor open. It was assumed that this alternative 
would result in a minimum of business displacement 
and have little or no impact to King's River, but 
that traffic congestion at the bridge would impede 
growth and development in northern Louis County. 
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FigureB-il 
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Minor Alternative--was defined as: 

replacement of the swing bridge section with 
a more efficient and reliable 2-lane bascule 
bridge; this could be done without the ex-
pense . of having to rebuild the approach 
roads and the fixed sections of the existing 
bridge. 

• widening of Route 9 south of the bridge 
within the right-of-way to provide a center 
left turn lane and installation of curbing 
and traffic signals to control access to and 
from the road. 

s additional TSM-type improvements to Route 12 
and Traverse Road to increase the system's 
capacity. 

promotion of carpools and extension of com-
muter bus service from Eugene to the pro-
poed shopping mall/village center at the 
intersection of Routes 9 and 12. 

for other planned projects the actions were 
the same as no action alternative. 

The purpose of the minor alternative was to restore 
service on the bridge and ensure public safety, but 
to do so at a moderate cost. It was assumed that 
this alternative would have limited impact on bus i- 
nesses and wetlands and that it would meet growth. 
needs of the county for the short to intermediate 
range future, but not for the long-term future. 
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Figure B-12 
Major Alternative 
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Major Alternative--was defined as: 

. construction of a new, four lane, high level 
bridge. An option would be to provide a 
substructure for the bridge that would allow 
expansion to six lanes at a future time. 

widening of Route 9 south of the bridge to 
four lanes with access control; several op-
tions will be explored including a fully di-
vided highway with frontage roads, and a 
center laiie with signalization for left 
turns, etc. 

TSM-type improvements to Route 12 and Tra-
verse Road. 

This alternative would replace both the existing 
bridge and the southern section of Route 2. It was 
assumed that this action would have a negative im-
pact on businesses and wetlands, but would facili-
tate development in Louis County. 

IMPACTS 

Table B-2 summarizes the significant impacts. 

Transportation. The existing bridge and its ap-
proach roads operate at a level of service D or E 
during commuting hours and on weekends. This condi-
tion is exacerbated by frequent delays caused by 
opening and closing the bridge. An estimate of the 
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delay involved was made by calculating the average 
delay time per automobile and multiplying this by 
the average daily traffic volume. For existing con-
ditions, this yielded a delay index of 66 hours per 
day. The major alternative, construction of new 
high level span bridge, would provide a level of 
service B for 7 to 10 years; this would slowly de-
teriorate to C or D at 15 to 20 years at which time 
expansion to 6 lanes would be warranted. The, major 
alternative would have a negligible delay index. 
This contrasts sharply with the no action alterna-
tive which would operate at a level of service E and 
have a delay index of 200 hours per day. Investment 
in the minor alternative would not provide any sig-
nificant long term gains. The improvements in the 
minor alternative would relieve the pressure for 2 
to 3 years, especially on Traverse Road, but in-
creasing traffic volumes will reduce the level of 
service to D or E thereafter. The delay index for 
the minor alternative is the same as for the no ac-
tion alternative; this high rating reflects antici-
pated increases in the volumes of both boat and 
automobile traffic. 

Costs. The present bridge costs $110,000 annually 
for maintenance and operation. Redecking and re-
placement of the swing mechanism would reduce this 
cost to about $70,000 per year for both the no ac-
tion and maintenance alternatives. Most of the re-
maining cost is in the labor required to operate th'e 
bridge machinery, costs which would not be incurred 
with the major alternative because of its high span 
design. Elimination of these labor costs, however, 
has a price tag; estimated capital construction cost 
for the major alternative is $25 million for the 
bridge and approach roads.. This contrasts with $5 
million of capital cost for the no action alterna- 
tive which, with maintenance over 20 years, totals 
$7.2 million. For the minor alternative, the costs 
are $5 million for redecking and replacement, $3 
million for. TSM improvements and $1.4 million for 
maintenance, a total of $9.4 million. 

Regional and Community Plans and Growth. An impor-
tant issue for the project was how the bridge and 
Route 9 would affect the county's growth. The 
county had established, a comprehensive development 
plan in 1975 and had enacted adequate powers and 
controls to implement the program. The plans made 
provision for a 150% increase in population, growing 
from a present population of 8,000 to a 1995 popula-
tion of 20,000. Since this projection was made as-
suming conditions similar to the major alternative 
(i.e., no constriction.on traffic crossing the River 
on Route 9) this was used as a base growth rate and 
an analysis was then done to see if that growth rate 
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Table 8-2 
Selected Impacts 	 ALTERNATIVES (20 YEP.RS) 

NO ACTION MINOR MAJOR 
ALTERNATIVES ALTERNATIVE ALTERNATIVE 
(RmKING OF (RDICKING OF (Nq HIGH LEVEL 
BRIDGE & BRIDGE, NIW BRIDGE PLUS FULL 
REPLAC4EST OF MEIHANISM TSM ACCESS CONTROL 
SWING MICHANISM) IMPROV&242T TO ON APPROACH ROADS) 

CISTING APPROACH ROADS 
CONDITIONS & TRAVERSE) 

TRANSPORTATION Level of Service D/E E E B/c 

Relay Index 66 200 200 negligible 
(Hours/day) 

Safety fair fEir good good 

Disruptions during NA high high low (new bridge 
Construction is parallel to old) 

COSTS Annual Bridge $110,0Ô0 $70,000 $70,000 negligible 
Operations And 
Maintenance 

Bridge NA $5,000,000 $6,000,000 $20,060,000 
Improvements 

Approach Roads NA NA $500,000 $6-9,000,000 

Total 20 Year NA $6,400,000 $7,900,060 $26-29,000,000 
Expend itu re 
(No Adjustment 
for FinEncing 
or Inflation) 

RIONAL & Population, 8,000 14,000 16,000 20,000 
COMMUNITY PLANS Louis County 
& GROWTH 

Type, Location NA resort homes, resort homes, commuter-oriented 
of Growth nuIhrn nrt-  -, 	- 

Conflict with 
Exist ing 
Growth Policy 

-- ear  
of county 	of county 

LtOLUCLILS4I ifl 

north part of county 

some support resort homes in 
for development southern part 
of Traverse Road of county 

encouragement of 
large scale 
development at 
Route 9-12 intersection 

NA 	No 	 No Yes, need to revise 
plans & to exercise high 
level of development 

• controls 

MMPLOYMT INCOME 	Regional 
& BUSINESS 	 Employment 
ACTIVITY 	 • existing 2400 jobs 

5-7 years 
20 

NA 2700 3,000 3600 years NA 4200 4,800 6000 
Corridor 
Retail Activity 
existing 100,000 SF 
5-7 years NA 120,000 SF 135,000 SF 175,000 SF 
20 years NA 180,000 SF 240,000 SF 300,000 SF 

Displacement of NA 3-5 firms; 3-5 firms; 6-8 firms; Businesses 7500 SF 7500 SF 20,000 SF 

NA: not applicable 
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was sensitive to congestion along Route 9 and Tra-
verse Road. The results suggested that both the no 
action and TSM alternatives would significantly con-
strain growth in Louis County relative to the major 
alternative, however, the projected population for 
the no action alternative in 1995 is still 14,000, 
an increase of 75%. 

This is approximately one half the rate anticipated 
in the county's plans and would entail a shift in 
the type, though not the pattern of development. 
The comprehensive development program anticipated 
two types of residential growth: commuter oriented 
residential development and resort home development. 
By restricting access from Eugene, the no action and 
minor alternatives would tend to cut back on com-
muter oriented growth; however, resort home develop-
ment, which would occur in the southern half of the 
county, is oriented toward the major city to the 
west and would be largely unaffected by congestion 
at King's River. 

Development pressure and growth under the no action 
and minor alternatives can be managed with existing 
regulations and procedures, however, special con-
trols will be needed on the southern approach roads 
to the bridge to reduce the number of access/egress 
points. The major alternative would put maximum 
pressure on the regulatory and control system since 
it will not constrain growth and would in fact sup- - 
port a higher growth rate than that planned by the 
county. 

Employment, Income and Business Activity. Table B-2 
shows the estimated effects of the alternatives on 
employment, retail sales and number of firms in the 
corridor and the region. Reconstruction of the ap- - 
proach roads for the major alternative will displace 
firms and access controls will likely force others 
to relocate to the shopping mall/village center to 
be developed at the Route 9 and Route 12 junction. 
Displacement will be minimal for the no action and 
minor alternatives; however, construction and gen-
eral congestion will force 4 toS firms to relocate. 
Continued congestion after construction will make 
the corridor a less desirable location for retail 
businesses and will favor development along Route 12. 
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CASE EXAMPLE 3: RELOCATION AND UPGRADE OF A RURAL 
H IGHWAY 

The project area, Adamsville, is at approximately 
the midpoint of a rural highway which connects a ma-
jor city 150 miles to the south with two recrea-
tional areas--a minor one 100 miles to the northeast 
and the major one 150 miles to the northwest. The 
busiest travel period to the recreation areas is 
during the sunmer, when travel is particularly heavy 
on weekends. 

An interstate highway has been completed recently 
between the major city and the major recreation area 
in the northwest; this has caused much of the traf-
fic to shift to the new facility. The rural highway 
(Route 10) still serves the northeastern recreation 
area. Adamsville, a town of 3500 people, is situ-
ated near the junction of Route 10 and the Inter-
state. Tourists and other visitors bound for the 
northwest area now bypass the town, but weekend 
travelers to the northeast area must still pass 
through congested Adamsville. The state highway dé-
partmerit has proposed a bypass to eliminate this 
conflict between local and through traffic. 

EXISTING CONDITIONS 

TransportaUon. Route 10 is connected to the Inter-
state by a spur of the Interstate just south and 
west of Adamsville (see Figure B-13). Traffic going 
northeast on Route 10 enters Adamsvjlle from the 
south and follows Main Street/Route 10 as it turns 
east. Main Street has two way traffic with one mov- 
ng lane and one parking lane in each direction. 

Weekend traffic congestion is very heavy along Main 
Street since there are no alternative routes through 
the town. The congestion is seasonal,. peaking on 
summer weekends. On weekdays and in other seasons, 
congestion along Main Street is minimal. 

Land Use. Adamsville is the largest of several 
towns along Route 10. It is the retail and service 
center for the farms and logging camps in the area. 
The retail district extends for about 1/2 mile along 
either side of Main Street/Route 10. The residen-
tial areas are north and west of the shopping areas. 
There are a scattering of manufacturing and distri-
bution firms along the highway, particularly south 
near the interstate spur. The rest of the area 
around the town is almost entirely rural, with small 
farms and forest lands predominating. 

The lake is south and east of the town and highway, 
but has not been developed for tourism because the 
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shore is very marshy. The pattern of rivers, 
streams and floodplains which traverse the region 
severely limit the southward expansion of the town 
and make location of a bypass highway difficult. 

Economy. Agriculture, forestry and services are the 
economic base of Adamsville and the surrounding 
areas. The economy of the region, which includes 
the recreational areas 100 miles northeast of Adams-
ville, has lagged behind other areas of the state. 
OutmigratiOn from the region, particularly in the 
north, has increased over the last 10 years. The 
major recreation areas to the northwest have tradi-
tionally been stronger than those in the northeast 
and have begun to prosper again. Regional planners 
and tourism industry officials attribute much of 
this growth to the new interstate highway. 

AREA PLANS AND COMMITTED PROJECTS 

Route 10 is one of five state trunklines serving the 
area and it is the major north-south route for the 
northeast. It has been designated for priority at-
tention with the idea of eventually upgrading it to 
major highway standards. That designation, plus lo-
cal concern about congestion and safety, are the 
basis for the present planning. The county has an 
ongoing program to upgrade primary and local county 
roads, many of which are difficult to use during the 
winter and spring. These roads provide access to 
the farming and logging areas of the region. 

There are' no other significant land use changes 
planned for the Adamsville-Route 10 corridor. 

ISSUES 

Transportation. The state highway department's 
study shows that Route 10 through Adamsville is op-
erating at a level C or D on weekdays, with more 
severe congestion on weekends. The surface of the 
road needs rebuilding and there has been a steadily 
increasing number of accidents at intersections 
within the town. Department employees are convinced 
that Adamsville will become a major bottleneck for 
all traffic on Route 10. Local residents are in-
creasingly unhappy about the congestion which makes 
access within the town difficult on weekends. 

Economic Development. The state's regional planners 
see the upgrading of Route 10 as the key to the de-
ve1onent of tourism and thereby the general economy 
of the northeast region. They have watched the eco-
nomic expansion of the northwest and are anxious to 
see the same growth in the northeast. 
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Figure B-13 
No-Action Alternative 

Land Use. Adamsville is a stable though not pros-
perous farming community. A new highway corridor 
would remove productive agricultural and forest 
lands from a number of small farms and divide 
others. Farmers and town officials are worried that 
this may cause economic losses forcing more people 
from the community. 

Environment. The state owns a number of parks and 
forest reserves in the Adamsville area that would be 
affected by a new highway bypass; such action would 
require a "Section 4(f)" statement showing that 
there were no prudent and feasible alternatives to 
the use of the public parklands for the bypass. The 
highway department's environmental specialists are 
also concerned about the number of streams and 
floodplains that would be traversed. 

ALTERNATIVES 

Three alternatives were defined: 

No-Action Alternative--assumes continued maintenance 
of Route 10 and the other state highways in the 
area. It is also assumed that the county will con-
tinue its program of upgrading local roads. The 
purpose of the alternative is to provide a benchmark 
for determining the need for the project. 

Minor Alternative: TSM Improvements--assumes selec-
tive improvements to the Main Street section of 
Route 10 through. Adamsville and to North Road (Route 
15). North Road parallels Route 10 along the coast; 
it is not a major tourist route because it lacks the 
scenic value of Route 10, but is proposed as an al-
ternative truck route; several sections would be re-
paired and route signing clarified. Within Adams-
ville, the Route 10 right-of-way is limited; the al- 
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Figure B-14 
Minor Alternative provid 
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ternative would explore the relocation of parking 
spaces, striping for left turn lanes, signalization, 
and use of secondary roads for cross acces,s within 
the town. The purpose of the alternative is to 
maintain the existing Route 10 corridor and its 
traffic functions within Adaxnsville, but to reduce 
the impact of seasonal weekend traffic. Although 
funding has been allocated for planning studies, the 
state's legislature has, not yet made provisions for 
actual construction funds. There is every possibil-
ity that implementatiOfl of the bypass would be de-
layed several years; in this event a scaled down 
version of the TSM improvements would provide a 
short term action plan for.AdanSville. 

Major Alternative: Bypass--a four lane highway by-
pass is proposed. The new road, would begin at the 
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interstate spur, pass south of Standish rejoining 
Route 10 at its intersection with Route 15. 	There 
is a small village just west of the Route 10 and 15 
intersection which could be bypassed to the north or 
south depending on the land use and environmental. 
impacts. This alternative assumes improvement of 
local county roads will continue as in the other al-
ternatives. The bypass would be the first step up-
grading the Route 10 corridor and, pOtentially, pro-
viding an economic boost to the northeast region. 

IMPACTS 

It should be noted that this case was at the corri-
dor planning scale of investigation, and therefore 
does not include highly detailed assessment of each 
impact. 

Transportation. The traffic analysis showed through 
traffic to comprise over 70% of the volume on Route 
10/Main Street. The no-action alternative was shown 
to have extreme safety and congestion problems. The 
1995 level of service on Main Street/Route 10 was 
"F" nearly throughout •the study area. Additionally, 
the high incidence of accidents was projected to in-
crease. The minor (TSM) alternative could provide 
partial relief for the worst weekend periods, al-
though this would only be effective for a 6-10 year 
period. The major alternative, with either align-
ment, would eliminate all congestion within Adams-
yule for the foreseeable future, improving the ap-
proximate level of service to B on existing streets. 
The corridor analysis also indicated that the Adams-
ville improvement would only solve a portion of the 
Route 10 corridor problems; because there are a num- 
ber of similar bottlenecks along the coastline fur-
ther north. 

Economic. Adamsville is not dependent upon highway/ 
transit oriented retail/service, trade, but the town 
does derive significant income from these activi-
ties. The No-Action Alternative would impede busi-
ness because of the lack of parking and access for 
both townspeople and tourists. The minor (TSM) al-
ternative would relieve part of the problem, especi-
ally if par king and cross town access improvements 
are implemented. The TSM alternative will also 
necessitate disruption and potential dislocation of, 
a small number of existing businesses within the 
town, as the ROW is expanded. 

The Major Alternative will improve access' in the 
town, giving an indirect boost to business, based on 
the experience of similar bypasses in the State. A 
long range effect will probably be the relocation of 
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road oriented businesses to the new bypass in the 
spur area--depending upon land use controls. A ma-
jor finding of the economic and transportation anal-
ysis was that the bypass would not improve access to 
the northeast enough to promote significant tourism 
industry growth; for maximum regional economic im-
pact an improvement program for the entire corridor 
would be needed. This could be done with many small 
scale TSM-type programs in individual towns like 
Adamsville, but Adamsville alone is not sufficient. 
Adamsville would bear the cost of the proposed im-
provement, but is outside the tourism area that 
would benefit; primary beneficiaries would be areas 
50-100 miles northward. Therefore; Adanisville resi-
dents are placed in the position of evaluating the 
proposals on the basis of their limited advantages 
and disadvantages to Adamsville; or requiring. assur-
ances that this project is part of a larger corn-
dorwide program. 

Land Use. The major alternative would remove land 
from agricultural use. The north corridor option 
would remove 180 acres of land; the south corridor, 
70 acres. The land in the north corridor is margin-
ally better for agriculture. This alternative might 
induce growth along the bypass, especially of road 
service oriented businesses--there are no land use 
controls to prevent this at the present. 

Environment. Nearly all the land in the bypass cor-
ridors is designated for conservation or agnicul-
ture; the local community prefers to retain produc-
tive agricultural lands at the expense of parkland 
since the loss of parkiand is not significant in 
that rural, heavily forested area. Bypass construc-
tion would require significant investment in bridges 
to avoid diversion of streams and disruption of 
marshlands. The no—action alternative would have 
imperceptible environmental impacts, since no direct 
construction is anticipated and since air and noise 
pollution levels are not expected to exceed federal 
standards. The minor alternative would have very 
modest impacts due to ROW expansion at key locations. 
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The yellow pages are organized around a conceptual 
model developed to identify the steps in impact as-
sessment and to provide a framework in which to cate-
gorize and evaluate individual techniques. The model 
describes impacts in terms of three aspects: 

Magnitude. what is the anticipated change in the 
impact phenomena? For example, what is the in-
crease or decrease in noise as measured in deci-
bels, or the amount of regional income generated 
by transportation construction expenditures? What 
is the duration of the impact? 

-Incidence. Who is affected by this change? Who 
loses? Who benefits? By how much? Who are the 
receptors of the increased noise? Is there a net 
gain or loss? Is the impact redistributive in 
nature? 

Significance. Given the magnitude of the change 
and its incidence, how important is the impact? 
Are the change and its effects significant and ac-
ceptable. Do the anticipated noise levels exceed 
public health standards? Is the distribution of 
jobs and income generated by a project equitable? 

Magnitude is treated as a function of changes in the 
transportation facility or traffic and .changes in 
other external or non-project-related variables which 
influence impacts. For example, traffic noise impact 
is calculated as a function of traffic volume, flow, 
mix of vehicles and roadway design--all project vari-
ables--but it is also influenced by external variables 
beyond the control of the project, such as the design 
of mufflers, tire treads and surrounding topography. 
Incidence is a function of the magnitude of the impact 
and potential users or receptors in the project area. 
These might include neighborhood residents for noise 
impacts, or municipal governments and businesses for 
economic impacts. Significance is treated as a func-
tion of the incidence of the impact and the norms, 
standards and values of neighborhood residents, the 
community or society (see Figure C-i). 

Figure c-i 
Concepts of Magnitude, 
Incidence and. 
Significance 

Magnitude of impact 

Incidence of impact 

= f (project variables; 
external (or non-proj ect-
related) variables) 

= f (magnitude of impact; 
potential users/receptors 
of impact) 

Significance of impact = f (incidence of impact; 
norms/standards/values) 

- 
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While the specific techniques used to estimate magni-
tude, incidence and significance vary by impact cate-
gory, the model identifies three generic types of 
techniques: measurement and indexing techniques; 
forecasting or projection techniques; and modeling or 
simulation techniques. The distinction between fore-
casting and modeling.is  somewhat arbitrary but is made 
to distinguish between techniques for forecasting var-
iables and techniques for forecasting . (modeling) im-
pacts.. 

The relationships are shown in Figure C-2, which dia-
grains the process by which magnitude of impact is es-
timated. For existing conditions, the magnitude of an 
impact--for example, noise--can be measured directly 
by observation or instrument monitoring. Alternative-
ly, its magnitude can be estimated as a function of 
the project variables--traffic volume, flow, vehicle 
mix and roadway design. This approach requires mea-
surement techniques to determine existing traffic vol-
umes, etc., and modeling techniques which will derive 
the noise level as a function of these variables. The 
modeling technique may be a computerized mathematical 
model or simple nomograph and may reflect a detailed 

Figure C-2 
Model for Assessing the 
Magnitude of Impact: 
Simple Case 

 

existing conditions 
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Figure C-3 METHOD OF 

Types of Models 	 'MODEL TYPES PREDICTION PREDICTION 

Intuitive Intuitive Judgeinent 

Verbal judgement 

Historical Observation Observed 

Case results 

Natural 
Analog 

Experimental Experimentatiofl/ Interpreted 
Scale search observations 

Experimental 
Analog 

Mathematical- Mathematical 	 Logical 
Analytical argumentation 	 conclusions 

Mathematical- optimization 
Simulation iteration 

After Chorley, Richard J., "Geography and Analog Theory" in 
Berry, B. and Marble,D., (eds.) Spatial Analysis, Englewood 
Cliffs, New Jersey: Prentice-Hall, Inc., 1968 p.42. 

knowledge of cause and effect relationships or a sim-
ple empirical correlation. If the model is valid, then 
the predicted noise levels should approximate the ob-
served noise levels. This cross-checking is the pro-
cess by which most empirically derived models are de-
veloped, calibrated and validated. 

Transportation planners and engineers are generally 
familiar with various types of mathematical and exper-
imental scale models used in transportation planning 
and design; Figure C-3 lists a number of other types 
of models by which cause and effect relationships are 
described. 

Modeling techniques seldom are used to determine the 
impacts of •an existing transportation system when di-
rect measurement techniques are available. However, 
the choice does not exist for estimating future im-
pacts, whichmust be estimated by using modeling tech-
niques. This requires the sequential use of three 
types of techniques: a measurement technique(s) to 
determine existing traffic volume, flow, etc.; a fore-
casting technique(s) to estimate future traffic vol-
.nnes, flows, etc.; and a noise modeling technique to 
derive an estimate. of the future noise levels. When 
comparisons are to be made among alternatives, then 
future traffic volumes and flows, etc., must be fore-
cast and the noise level modeled for each alternative 
being studied. There is, of course, no way to vali-
date the 'predictions except to wait until the forecast 
year and measure the traffic noise at that time. In 
lieu of this, the transportation planner must trust 
that his or her assumptions are well-founded and that 
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the measurement, forecasting and modeling techniques 
are reliable and valid. 

The case described in Figure C-2 is clearly over-sim-, 
plified. The more typical situation is portrayed in 
Figure C-4, where the impact is a function of a number 
of project variables as well as other external vari-
ables which do not cause direct impact, but do cause 
changes in intervening variables. An example is the 
case where construction activity or drainage from a 
new facility causes erosion and sedimentation. The 
amount of erosion and sedimentation is a function of 
project variables (construction, draInage system, de-
sign) and other external factors (rainfall, soil 
types, vegetative cover, land development in the 
watershed, etc.). There are several techniques to es-
timate these effects which may be important in them-
selves, but which here are treated as an input to the 
assessment of aquatic ecosystem impacts and thus be-
come intervening variables. In such cases, the anal-
yst •must not only forecast future project variables 
and other external factorá influencing impact but also 

Figure C-4 
Model for Assessing the 
Magnitude of Impact: 
Complex Case 

/ / variables /  rProject bes simulate 	rw 
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external 
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model one or several intervening variables before the 
impact itself may be estimated. 

Figure C-5 shows the complete model with the remaining 
steps (incidence and significance) added. Several 
points should be noted. in assessing incidence, it is 
necessary to forecast the number and type of future 
users of the facility or probable receptors of impact. 
These forecasts must reflect anticipated demographic, 
economic and land use changes in the area of the 
facility., whether induced by the facility or not. 
This is of crucial importance for long-range impact 
assessment where 15- to 20-year planning horizons are 
used and significant changes in population and land 
use are expected. Notable examples are cases involv-
ing suburban highway projects which stimulate resi-
dential or commercial development; cases where highway 
or 'transit projects pass through areas slated for ur-
ban renewal or reuse; and any case where the neighbor-
hoods or communities in proximity to the project are 
unstable because of rapid devel.opment, demographic 
shifts or deterioration. Where the areas or communi-
ties to be affected by a facility are stable and lit-
tle change is anticipated, the existing conditions can 
be used as a proxy for future conditions; when this 
assumption is made, however, it should be explicit. 

Figure C-5 
Conceptual Model of 
Impact Assessment 

project 
veriables 

etCreoI 
varlabIeS 
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Figure C-6 	 1. Identify and forecast project attributes 
Impact Assessment 	 causing impact. 
Sequence of Tasks 

Identify and forecast external factors 
influencing impact. - 

Identify and forecast intervening factors 
influencing impact. 

Determine magnitude of impact. 

Identify and forecast receptors of impact. 

Determine incidence of impact. 

Identify and forecast standards, norms or 
values related to the impact. 

Determine significance of impact. 

Assumptions about population, employment and land use 
trends in the project study areas should be estab-
lished as early in the project planning phase as feas-
ible so that the information will be avail.able to im-
pact analysts and will be consistent throughout the 
assessment. 

The same general rule should be followed in assessing 
the significance of an impact: where substantial 
change is expected in the standards, values or norms 
by which an impact is judged, it should be antici--
pated. At the present time this is most applicable, in 
noise, air and water quality assessment, where legis-
lative or administrative standards have been mandated 
to take effect at a future date and would be appli-
cable to a project now in its planning stages. 

The eight-step process in the yellow pages and Figure 
C-6 is a transposition of this conceptual model (Fig-
ure C-5) into a sequence of tasks. Tasks 1 through 4 
deal with magnitude of impact; tasks 5 and 6, with in-
cidence; and tasks 7 and 8 with significance of im-
pact. The value of the model and the eight-step se-
quence is that they- provide a framework for sorting 
out impact techniques. In developing the yellow 
pages, available impact techniques were categorized by. 

t impac category and function (measurement, forecast-
ing, modeling) and then evaluated to the extent pos-
sible for reliability, validity and level of effort. 
Reliability in this case was used in the sense of "re-
plicable": if a technique can be applied by different 
persons or applied repeatedly to the same or similar 
problems, yielding consistent results, then it is re-
liable. Validity measures the correctness of the 
technique's forecasts. A methodology may be. reliable 
in that it consistently yields the same answer and yet 
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be considered not valid if it produces inaccurate or 
incorrect results. Estimates of the level of effort 
were based on a professional judgment and the exper-
ience of state transportation planners, engineers and 
impact analysts. 
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