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Foreword 
The papers contained in this Record are concerned with various 
administrative concepts, mathematical models, and other plan­
ning concepts directly related to the urban transportation plan­
ning process. 

Norman Beckman emphasizes the need to identify ways of 
increasing the effectiveness of implementing comprehensive 
planning recommendations. Beckman cites many factors that 
must be considered in the planning process if it is to be effec­
tive in the decision-making process. 

Alan Voorhees discusses the need for greater emphasis on 
community values as an important element of the transporta­
tion planning process. Voorhees emphasizes current methods 
being used to establish ove rall community values and new emerg­
ing techniques being developed in the location and design phase 
of the planning process to measure values in neighborhoods 
through which a facility might pass. 

A series of four papers focuses on mathematical models 
and their applicability and usefulness in the planning process. 
In the paper by T. R. Lakshmanan and W. G. Hansen, the 
authors emphasize the formulation, testing, and application of 
a market potential model to guide the scale, location, and sched­
uling of major retail concentrations in a growing metropolitan 
area. 

Charles Graves reports on the development and testing of 
two population distribution models, one for population growth 
and the other for population decline. Multiple regression anal­
ysis was used to develop the models which were tested with data 
from the Puget Sound Region. 

J. R. Hamburg, G. T. Lathrop, and G. F. Young, describe 
a model which attempts to bring into an objective framework 
methods and concepts which have been commonplace in planning 
for several years, such as holding capacity, access, and den­
sity, but whose application has often been subj e ctive and defied 
replication. 

The final paper on various mathematical techniques by J. R. 
Hamburg, C. R. Guinn, G. T. Lathrop, and G. C. Hemmens 
discusses a method by which the sensitivity to travel time can 
be measured. The method is called an index of indifference 
and attempts to measure the extent to which linkages among 
urban space activities are indifferent to time. 

Gordon Edwards emphasizes the needed procedures for plan­
ning the metropolitan airport and the necessity to integrate air­
port system planning with highway and mass transit planning 
within the context of a long-range comprehensive planning pro­
gram. 

George Hoffman, presents a provocative discussion on the 
possibilities of reducing the land used for urban transportation 
in the central core by providing automotive access with under­
ground tunnels and parking areas. Hoffman's thesis is that it 
might be cheaper before the end of this century to travel by car 
and bus underground rather than above ground in the center of 
American cities. 



Contents 
POLITICS AND ADMINISTRATION OF PLAN IMPLEMENTATION 

Norman Beckman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

TECHNIQUES FOR DETERMINING COMMUNITY VALUES 

Alan M. Voorhees . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 

MARKET POTENTIAL MODEL AND ITS APPLICATION TO A 
REGIONAL PLANNING PROBLEM 

T . R. Lakshmanan and Walter G. Hansen . . . . . . . . . . . . . . . . . . . . . . . 19 

TWO MULTIPLE REGRESSION MODELS OF SMALL-AREA 
POPULATION CHANGE 

Charles H. Graves . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42 

OPPORTUNITY-ACCESSIBILITY MODEL FOR ALLOCATING 
REGIONAL GROWTH 

George T. Lathrop, John R. Hamburg and G. Frederick Young 

LINEAR PROGRAMMING TEST OF JOURNEY-TO-WORK 
MINIMIZATION 

John R. Hamburg , Charles R. Guinn, George T. Lathrop a nd 

54 

George C.· Hemmens . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67 

PLANNING THE METROPOLITAN AIRPORT SYSTEM 

Gordon Edwards . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76 

MINIMIZING LAND USED BY AUTOMOBILES AND BUSES IN 
URBAN CENTRAL CORE: UNDERGROUND HIGHWAYS 
AND PARKING FACILITIES 

George A. Hoffma n . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98 



Politics and Administration of 
Plan Implementation 
NORMAN BECKMAN, Assistant Director, Advisory Commission on 

Intergovernmental Relations 

•AS A NATION, we have made at least one contribution to the world's philosophy-­
namely, pragmatism. This philosophy has direct relevance to anyone concerned with 
implementing the results of urban transportation studies. It is a philosphy of expedi­
ence which holds that plans, theories, abstractions, and dogma in and of themselves 
are of limited value and rejects them in favor of practicality, common sense, flexi­
bility, and action. Its first American exponent, William James, wrote: 

Grant an idea or belief to be true, what concrete differences 
will its being true make in anyone's actual life? True ideas 
are those that we can assimilate, evaluate, corroborate, and 
verify. False ideas are those that we cannot. 

In short, the best transportation or land-use plan is the one that works, the one that is 
implemented. The bad plan is one that gathers dust on the shelf-no matter what its 
content. The professional, just as much as the politician, must put his skills to the 
test of community acceptance. 

Planning and the planning profession are on the upswing. Major comprehensive 
metropolitan transportation studies with budgets of $2 million or more are currently 
under way or recently completed in Chicago, Philadelphia, Boston, Minneapolis-St. 
Paul, and Milwaukee. There is increasing reliance on planning requirements in 
Federal grant-in-aid legislation. The National Association of Counties has just pub­
lished a report, Federal Assistance Programs Available to Comprehensive County 
Planning, listing some 20 different Federal agencies' programs of assistance for 
comprehensive planning, basic data collection, and transportation and public facilities 
planning. Metropolitan or regional planning agencies are operating in three-fourths 
of the metropolitan areas in the country. These actions indicate acceptance of planning 
in the administration of the public business. 

Yet there is a pervasive attitude held by many planners and others of the urban scene 
that little progress has been or is likely to be made toward implementation of sound 
transportation and comprehensive urban developmental plans--a feeling that something 
is rotten in the state of the art. In a national survey, almost half the metropolitan 
planning agencies cite as major weaknesses that: (a) their powers are inadequate, 
(b) they have too limited funds and staff, and ( c) they have insufficient public and 
government support. Although more than half were satisfied that they had a good 
technical program, only 20 percentthoughtthat metropolitan planning was being ac­
cepted (1 ). Victor Fischer of the Housing and Home Finance Agency, in a recent 
speech before the American Institute of Planners evaluating the results of the recent 
transportation studies, found it "inconceivable ... that any single one of them could 
give birth to, say, a brand new subway system for a community that does not have it 
today" (2). He concludes that the transit proposals and action in Toronto, San 
Francisco, Atlanta, Boston, and Los Angeles are a result of community will and 
political decisions made, in large part, outside the framework of transportation 
planning. Even Zettel and Carll's useful review of major metropolitan transportation 
studies reluctantly concludes, "It must be said, that the results of the major trans­
portation studies remain highly speculative (~, p. 65). 

Paper sponsored by Committee on Organization and Administration. 

l 
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Given this background of great expectations and modest results, I would like to 
discuss some five factors affecting the chances of technically sound plans being ac­
cepted, adopted, and implemented. These factors are: 

1. The importance of recognizing the political nature of planning recommendations; 
2. The need to identify the direct and indirect costs and benefits to various groups 

and jurisdictions; 
3. The need to improve the pattern of organization, representation, and financing 

for regional transportation planning; 
4. The relationship of transportation planning to other development plans and ac­

tivities; and 
5. The range of alternatives for organizing and financing a transportation develop­

ment agency. 

POLITICAL NATURE OF PLANNING RECOMMENDATIONS 

Planners and planning agencies are inevitably involved in the political process. In 
the field of government, every administrative action, from the behavior of a licensing 
clerk to a health department decision to prohibit individual wells and septic tanks in 
an urban area, is weighed on a political scale. Those actions which benefit or hurt 
individuals produce a reading on that scale. Planning agencies help to determine "who 
gets what, when, and how," and to do that means to function politically. 

Numerous examples of the political implications of transportation proposals can be 
cited. The location of expressways and mass transit routes has a relatively permanent 
impact on the form in which a metropolitan area will grow, the tax base of individual 
communities, the demand for governmental services, and the nature of the population 
in each community. The future of the central city is almost always at stake in trans­
portation plans. Bernard Spring has cited the effects of Rt. 128, the circumferential 
highway around Boston, as an example. He notes that Rt. 128 was built before high­
ways needed in built-up areas because of the minimum displacement involved and the 
ease of assembling the land. And, he concludes, the result has been misfortune for 
the city of Boston. The circumferential, becoming the prime location for research 
and electronics firms, helped bring about a motor-oriented pattern of transportation 
to the Boston region and contributed to low-density development on the fringe of the 
mecropoiiian area and foe economic deciine oi che cencrai city ( 4). 

No plan is politically neutral. This is especially true for any transportation plan 
in our governmentally fragmented metropolitan areas when the makeup of the popula­
tion, tax resources, and demand for public services may vary significantly from one 
jurisdiction to another. Any plan which concerns itself solely with technical and 
engi.neering questions and ignores the question-Who is going to be mad? How mad? 
Who is going to be glad? How glad? is headed for the political shoals. Henry Fagin, 
in reflecting on the experience of the Penn-Jersey Transportation Study, has written: 

The important question of political acceptability cannot safely 
be handled solely by theoretical studies, nor can it be deferred 
to the end, but it must be faced as an integral part of the 
[planning] program itself. Opportunities must be built into 
the work program for potential acceptability to be tested 
periodically during the very course of the planning process. (~) 

More research needs to be done on such practical day-to-day working problems as 
how to keep the interest of elected officials, advisory groups, and functional adminis­
trators over a period of years, how to translate technical data into public policy issues 
and keep testing them politically, and how to make community relations a really 
meaningful activity. 

It is an occupational hazard of the professional public employee (and both com­
prehensive and transportation planners perhaps are especially susceptible on this 
score) to become absolutely convinced of the rightness of his plan. He finds it hard 
to understand why responsible officials, and the public generally, do not do what he 
is satisfied is the best thing to do. Yet, the planner, by himself, can accomplish little. 
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It must be constantly kept in mind that planning agencies have almost no levers, no 
gifts, no grants, no weapons, no operating programs, and no strong base of independent 
political support. It is, therefore, imperative to stick close to (and serve to the extent 
possible as key staff) responsible officials who do have decision-making powers-the 
mayor, the county council, and even the city manager. 

Decisions on metropolitan transportation come about only after bargaining and 
negotiating among the various associations and interest groups that have a stake in 
development decision-a cumbersome but reasonably democratic process. The trans­
portation planner's effectiveness is most enhanced if he is willing to leave this kind 
of bargaining to the politician and play the vital but more limited role that our system 
assigns to the public employee. His role is to understand the political forces involved 
while providing a factual basis for the consideration of transportation policy considera­
tions . The transportation planner should be working with other functional and com­
prehensive planners to present feasible alternative balanced transportation development 
choices and their economic, social, and political implications and present them in such 
a way that it is understandable to other people. The plan should contain a reasonable 
degree of flexibility and adaptability and, at the same time, be sufficiently technical 
in detail so that it can be understood and evaluated and acted on by the many forces 
involved in political action and implementation. Finally, the planner should direct 
attention to two aspects of development in which the politician is weakest-orientation 
to the whole metropolitan area and focus on future conditions as well as on the im­
mediate and intermediate stages of planning, development, and operation. 

IDENTIFY COSTS AND BENEFITS 

Transportation services, by their very nature, require large and integrated phys­
ical facilities with service boundaries economically dictated by population density and 
topography. Often these service areas have little or no relationship to the boundaries 
of local governments within the area. The benefits derived from these services cannot 
be confined to the jurisdiction which might provide them. Implementing even the most 
technically correct transportation plan revolves around determining an equitable distri­
bution of costs among the local governments involved, over and above those borne by 
user charges or Federal and state contributions. 

The late Carl Chatters once observed, "The metropolitan area problem is primarily 
a public finance problem." Such financial planning involves a proposed commitment of 
resources, energy, and time. As such, it cannot safely be separated from physical 
development and organizational planning. Any methodology and information identifying 
the direct and secondary benefits and costs of a transportation proposal would con­
tribute materially to negotiations by local political officials in a metropolitan area for 
determining what is a "fair and equitable" basis of distributing transportation develop­
ment and operating costs. In this connection, increasing attention is being given to use 
of cost-benefit analysis techniques. 

Highway cost-benefit analysis to date has been largely limited to identification of 
savings in money and time to the present highway users in the area, including vehicle 
operating costs reductions, fewer accidents and reduced travel time, and increased 
economic activity due to improved access to particular locations. 

These efforts can perhaps be criticized as primarily limiting their attention to the 
direct benefits to road users. Transportation development in metropolitan areas 
inevitably involves costs and benefits not only for road users in the area, but also by 
the individual jurisdictions and other interest groups in the area. Alternative trans­
portation mixes such as highway, highway-bus, or highway-bus-rail transit will produce 
different sets of costs and benefits which should be considered by the governments 
involved. Litchfield and Margolis (6), in their study of Cambridge, England, identify 
the implications of two alternative town plans. Although a town plan may be somewhat 
simpler than the problem facing transportation developers in a large metropolitan 
area, the alternative plans approach does merit attention. 

Cost-benefit studies, identifying as many as possible of the direct and indirect costs 
and benefits, such as increased valuation of real estate around a rapid rail transit line 
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and relocation of low-income minority families in a tight housing market situation, 
should be made a part of transportation studies and should serve as the basis for nego­
tiation among the governments involved. 

Recent advances in transportation planning techniques have made it possible to 
identify user costs for entire transportation systems. When total system user and 
investment costs are combined, a transportation price tag can be hung on alternative 
transportation systems. Significantly, when this approach has been tried, the dif­
ference in cost among realistically conceived alternatives has been slight-often within 
a range of 5 percent. Although recognizing the relative crudeness of the techniques 
currently available to estimate costs, we may, in many instances, be legitimately 
indifferent to the price tag, make more of an effort to measure community values, 
and select the alternative that best enables us to achieve these other community bene­
fits and objectives. 

There has been sufficient experience in a number of communities of the benefits 
accruing to the owners of land and buildings and of governments through tax revenues, 
etc., to begin to grasp the range of costs and benefits. The states and the Federal 
Government could make a significant contribution by developing standards of measure­
ment of costs and benefits for transportation programs that they support through grant 
and loan programs. These standards would provide objective measures and ground 
rules for areawide negotiation and assignment of costs to the separate jurisdictions. 

STRENGTHEN ORGANIZATION FOR TRANSPORTATION PLANNING 

Any examination of implementation must look not only to the nature of proposals 
made but also to means of strengthening the organization of the transportation planning 
study itself. The evolution of transportation planning organization has been traced 
through three specific stages (7 ). Until 1953, transportation planning, including such 
regional efforts as the Detroitand Chicago area studies, was based on the assumption 
that the existing land-use trends and the status of transit and travel behavior patterns 
will continue and that transportation systems should be designed to accommodate the 
demands of these projected uses. The second generation studies were premised on 
the assumption that transportation systems should not be passive, but should help mold 
the kind of system desired by the people in the area, for example, and would include 
th,=, PPnn-.TPrRPY, Milw,111kPP, ~ nri Roston rP£'iona 1 stllriiPs _ 

The third, and presumably still anticipated, stage of development will be achieved 
when balanced transportation plans come together with other metropolitan functional 
systems such as water, air, housing, and industry, and are part of a comprehensive 
areawide development effort. 

Zettel and Carll have observed that the more recent transportation studies have 
generally been more formally organized, employed specialists in disciplines other 
than engineering, and created a committee structure to provide policy as well as 
technical guidance of study staff. Time and cost have increased, and a greater con­
cern is being shown on how study results are to be implemented ( 3, p. 8). 

Paraphrasing Clemenceau on war and the generals, the chairman of the Penn-Jersey 
transportation study has been quoted as saying: "Long range transportation decisions 
are too important to be left solely to transportation officials." Transportation planners 
along with other professional specialists are increasingly being placed "on tap," not 
on top. The American Association of State Highway Officials, in a useful guide for 
organizing a continuing urban transportation planning process, has recommended 
membership of the organizing committee as follows: representatives from governing 
bodies and official agencies having responsibility for implementing transportation plan, 
including the state highway department, county and municipal governments. 

The rationale in favor of political leaders of the governments within the metropolitan 
area playing a dominant role in transportation planning is strong. The members are 
familiar with local problems and the obstacles to implementing a transportation plan. 
They can serve as a useful communication link between planners and other local 
decision-makers and help break down the isolation or political limbo that any metro­
politanwide study must overcome. These politicians are responsible to their local 
electorate, and are often in a position to initiate necessary local planned implementation. 
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Zettel and Carll have developed a useful tabulation of the composition of the policy 
committees of the 13 major transportation studies currently under way or recently 
completed ( 3, p. 10). State highway officials are represented on almost all the policy 
committees~ and the U.S. Bureau of Public Roads representatives sit in as nonvoting 
members. On the other hand, local government officials and representatives make 
up more than half of the members of the policy committee in only four of the 13 current 
studies (Los Angeles, Philadelphia, Detroit, and Milwaukee). The Housing and Home 
Finance Agency (HHFA) is represented in only three studies, and state planning offi­
cials in only two. Local financial participation has been extremely limited, financing 
somewhat less than 10 percent of the study effort. The present pattern of representa­
tion and the local contribution raises serious questions about the extent of local interest, 
participation, and commitment to implementation. 

Federal agencies, under their authority to establish performance requirements as 
a condition for awarding grants, are increasingly establishing guides for the organiza­
tion and content of transportation studies. HHFA, in awarding "701" grants, must be 
satisfied that all parts of the metropolitan region are adequately represented on the 
planning body. Transportation planning is specifically identified as an element of 
comprehensive urban planning. The planning agency must establish a checkpoint 
procedure for review of recommendations on preliminary drafts of planning proposals 
by the chief executive and legislative body of the locality and by other affected local, 
state, and Federal agencies. Working with councils made up of elected officials in 
the metropolitan area is recommended as desirable practice. The new mass transit 
grants must carry out a program "for a unified or officially coordinated urban trans­
portation system as part of the comprehensively planned development of the urban 
area, and are necessary for the sound, economic, and desirable development of such 
area." 

Since 1961, HHFA and the U.S. Department of Commerce have encouraged the joint 
use of "701" planning funds with Federal highway 1 % percent survey planning funds in 
the conduct of metropolitan studies. These jointly financed projects must be conducted 
under the policy guidance of a metropolitan coordinating committee broadly representa­
tive of the governing officials of the local jurisdictions within the area and including 
representatives of the major state planning and development agencies. 

Just issued guidelines for transportation planning under HHFA's urban planning 
assistance program now require that five critical elements be included in the planning 
process. These elements, designed to meet both U. S. Bureau of Public Roads and 
HHF A planning requirements are: (a) development of objectives, (b) determination 
of future transportation demand based on forecast of future activity, ( c) proposing 
alternative transportation systems, (d) determination of future travel demand by mode, 
and ( e) testing transportation alternatives (8). 

The Highway Act of 1962, as is well known by now, requires that after July 1, 1965, 
highway funds in urban areas will not be provided unless projects "are based on a 
continuing comprehensive transportation planning process carried on cooperatively 
by state and local communities .... " 

To sum up current practice, transportation studies have become more formally 
organized, more comprehensive in outlook and staff, and more expensive. Although 
local governments of the area are participating in policy formation activities, the 
Zettel report indicates that study organizations are still not sufficiently representative 
of these governments, nor do they involve these local governments sufficiently in 
financing and implementation efforts. The new Federal guides and requirements have 
properly emphasized the importance of a continuing planning process, more adequate 
representation and consultation with local officials, and the desirability of having 
transportation planning a vital part of a more comprehensive area development effort. 
A genuine acceptance of these objectives by state and local officials, however, is 
needed before such Federal regulations can have any meaning. To understand what 
is happening today, there is a need to update the 1962 Zettel and Carll review of trans­
portation studies. We need to know which states are doing a good job with local 
governments, how they are accomplishing this, and why they are successful. The 
same questions must be asked of local governments and comprehensive planning agencies. 
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In organizing future transportation studies, consideration might also be given to a 
modified version of legislation enacted by Oregon in 1963, "an Act to provide for crea­
tion of a metropolitan study commission to study and propose means of improving 
essential governmental services in urban areas ." This general state legislation 
provides that metropolitan study commissions may be set up by local governmental 
action or by petition of the voters. Commission members are appointed by the gov­
erning bodies of the local jurisdictions. Under such legislation, the commission can 
be charged with developing programs and recommendations for a balanced areawide 
transportation system compatible with other development objectives. The real strength 
of the legislation lies in the requirement that to overcome problems of inertia or 
obstruction, after a reasonable period these recommendations for implementation 
must be voted on by the residents of the area affected by the recommendations. No 
further legislation is needed to initiate studies or implement recommendations after 
enactment of such general state legislation. 

The issue of relating transportation to more comprehensive area development 
planning has, as a result of the July 1965 highway planning requirement, become of 
such importance that it is discussed in further detail in this report. 

RELATE TRANSPORTATION PLANNING TO COMPREHENSIVE PLANNING 

The Federal legislation and regulations previously cited recognize the primacy of 
general and comprehensive goals for a region as the necessary basis for transportation 
development decisions. Every metropolitan area would benefit from an increased 
sense of purposes and objectives to guide it in future growth and development. Each 
local government and the states and Federal agencies with transportation responsibili­
ties should participate in the development of these goals. Local zoning decisions can 
cause overcrowding or underutilization of the best-planned highway. Likewise, state 
or Federal transportation decisions can help preserve or destroy open space, reloca­
tion and slum clearance, and other social and community values. 

There is always a danger, however, that highway planning will dominate the com­
prehensive transportation planning process. National and state legislation recognizes 
the need for more highways, the administering agency is ready and willing to build 
them, and alternatives are not readily available. In this perhaps too common situa­
tion, comprehensive planning becomes merely a support function providing information 
on economic factors, population, land use, and zoning ordinances to improve the 
quality of highway planning . 

The transportation planning organization patterns that have emerged since the 1962 
Highway Act requirement include: (a) the ad hoc project, supported in large part by 
the state highway department with varying degrees of participation by local elected 
officials, planners, and others; (b) highway departments taking upon themselves the 
job of plannihg for metropolitan areas; and ( c) in only a few areas, assignment of the 
entire transportation planning task to an existing official comprehensive planning 
agency. 

Observing these developments and the undesirability of maintaining permanently 
duplicate planning organization-one for comprehensive planning and another for con­
tinuing comprehensive transportation planning-the Assistant Administrator for Metro­
politan Development of HHFA has recently proposed a promising solution; i.e., to divide 
responsibilities as follows: place comprehensive planning, including general location 
of public and private transportation facilities, in the hands of an adequately financed 
and staffed metropolitan agency directed by the local government officials which has 
tangible review powers over transportation and other development activities in the 
area; continue to place responsibility for highway programming, design and technical 
engineering contributions in the hands of the highway department; and let the transit 
system be programmed by the public and private transit agencies-with both highways 
and transit developed within the broader comprehensive and transportation planning 
framework. Primary responsibility for necessary coordination and planning of devel­
opment would be lodged in the areawide planning agency with formal participation by 
the state highway department and other development agencies. Such an arrangement 
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would assure that transportation planning is integrated into a strengthened comprehen­
sive planning process and make transportation planning sensitive to local values and 
objectives. It would assure attention to the proper balance between use of highways 
and other public transportation systems and to the appropriate relation of these trans­
portation media to other programs of significance to urban development-water and 
sewerage, parks and open space, pollution control, housing, etc. 

The approach taken in the San Francisco Bay metropolitan area could well be given 
consideration in other parts of the country. The San Francisco Bay Area Transporta­
tion Study Commission has been established by the state legislature with responsibility 
for (a) making a comprehensive study and preparing a regional transportation plan for 
the Bay Area, (b) recommending means of implementation, and (c) preparing for a 
transition to a continuing transportation planning process. 

As a first step in establishing working relations for conduct of the study, the BATS 
Commission, the Association of Bay Area Governments (the official organization of 
elected officials in the San Franciso Bay Area), and the State Department of Public 
Works (State Highway Department) have just executed a written agreement on working 
relationships and division of responsibility for the transportation study and planning. 
In addition to providing for cooperation among the three participating parties, the 
agreement declares it to be the intent of the parties to cooperate and coordinate their 
work with the State Department of Finance (its State Office of Planning has responsi­
bility for the preparation and maintenance of a state development plan), and with other 
public and private agencies performing transportation functions in the area. 

Three technical committees will be established: 

1. A committee on regional growth will deal with economic factors affecting develop­
ment, population, and financial resources (elements 1, 2, and 9 of the U.S. Bureau of 
Public Roads' ten basic elements for a continuing comprehensive transportation 
planning process required after July 1, 1965). 

2. A regional council of engineering will be appointed to advise the commission's 
study director on transportation facilities, travel patterns, terminal facilities, and 
traffic control features ( elements 4, 5, 6, and 7). 

3. The Association of Bay Area Governments will assume primary responsibility 
for land use, zoning, and other regulations, and social and community value factors 
(elements 3, 8, and 10). The planning directors' committee of ABAG will also serve 
in an advisory capacity to the Commission's study director (~). 

The Bay Area study is set up on a temporary basis, designed to meet immediate 
transportation planning needs. It is generally contemplated that ABAG will assume 
the continuing planning functions. 

LEGISLATION ESTABLISHING TRANSPORTATION DEVELOPMENT AGENCY 

In addition to studies of travel patterns, traffic engineering, and location of trans­
portation facilities, a stated objective of transportation efforts today includes (a) an 
examination of existing institutional arrangements in the area affecting land-use 
planning and transportation development, and (b) development of feasible recommen­
dations for organization, financing, and legislation needed to establish an agency to 
develop and operate a proposed transportation system. 

For highway development, the problems of organization and financing have largely 
been solved. Other transportation forms are not so blessed. Inertia, current trends, 
and the path of least resistance place other forms of transportation at a disadvantage. 
Transportation study proposals to expand public transportation facilities through 
regulation, subsidy, construction, or even through continued planning must, therefore, 
be especially well founded and have the support of the highway agency to overcome this 
handicap. 

In almost all cases where public transportation facilities, in addition to highways, 
are desired, whatever the implementing method chosen, state legislation will have 
to be enacted. In addition to establishing the agency (some of the organizational alter­
natives are discussed in this section), and granting it the necessary power to operate, 
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the legislation will have to provide adequate revenue authority to the agency or to the 
participating local governments. Outmoded constitutional and statutory restrictions 
on the power of local gove1•nments to bo1Tow and to levy property or other taxes may 
have to be removed. 

Excessive state consitutional guarantees of home rule to municipalities can also 
create problems in attempting to organize or finance an areawide transportation sys­
tem. Thus, the Colorado supreme court in 1962 held unconstitutional the enabling act 
for an already functioning metropolitan capital improvement district created in the 
five-county Denver metropolitan area. The act authorized an areawide local sales 
tax to permit capital improvements and acquisition of capital equipment needed by the 
area's governments. The court held that home-rule cities have the "exclusive right 
to govern themselves and the general assembly cannot reinvestitself with any [local 
government powers J • " 

What are some criteria for evaluating the organizational alternatives for a new 
transit development agency? The agency should have a geographic area of jurisdiction 
adequate for effective performance, be large enough to permit realization of the eco­
nomies of scale, and assure that those benefiting from the service pay an equitable 
share of the costs. Thus, the central city should not be expected to pay all the very 
high capital costs of constructing a subway system which primarily benefits the sub­
urban commuter. The agency should have the legal and administrative authority to 
perform its development and operating functions, including some voice in other public 
and private decisions affecting transportation. Though difficult in a governmentally 
fragmented metropolitan area, the agency should be controllable by, and accessible 
to, the public at large. Finally, the recommended approach should have a good chance 
of receiving approval both in the jurisdictions affected and in the state legislature. 

What is the realistic range of organizational choices from which to choose? Aside 
from a limited number of situations where extraterritorial authority by a central city 
or direct state action can do the job, there are probably only three feasible choices­
county operation, intergovernmental agreement, and limited or multipurpose special 
districts. Each has certain strengths and weaknesses. 

Urban County Approach 

More than half of the standard metropolitan statistical areas of the United States 
are still located within a single cow1ty. In addition to having the actvantage ot geo­
graphic coverage, the urban county with authority to carry on transit development 
functions is directly accessible to the electorate, has a broad tax base, and has 
administrative working relationships with the state and Federal governments. At the 
same time, it should be recognized that counties are currently the most hobbled local 
governments today in terms of constitutional and statutory restrictions on authority 
to organize, perform, and finance new governmental functions . 

Current examples can be cited. Dade County, Fla., has a countywide traffic and 
transportation department, and four of the seven bus systems in the county are operated 
by the county government. A unified mass transportation system is expected to begin 
operating in Allegheny County, Pa. 

Interjurisdictional Agreements 

Intergovernmental agreement, whereby one local government creates an agency to 
provide a service for neighboring jurisdictions or the activity is conducted jointly, is 
the most commonly used organizational approach in the country for handling areawide 
functions. The county may be the contracting agent, as in the Los Angeles metro­
politan area where a number of governmental services are provided by Los Angeles 
County on a cost basis for cities within its boundaries. Even more commonly, the 
city may be the contracting agency, as in Washington, D. C., which provides sewage 
treatment services for neighboring Maryland and Virginia communities. City-county 
joint operation is also common. This approach has high political feasibility and 
should be employed to a greater extent than it currently is in the field of transportation 
development. Sixteen states now authorize across-the-board agreements for all urban 
services, and 30 others for certain functions. 
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Related to the interlocal agreement in concept, the interstate compact or agreement 
will likely be increasingly utilized for transit development in the future. Some 32 
standard metropolitan statistical areas today include territory in two or more states. 
All together, these interstate metropolitan areas had a 1960 population of 41 million 
persons, or 23 percent of the Nation's total. The Port of New York Authority has 
gradually been expanding its transportation responsibilities to include mass transit. 
The Bi-State Development Agency (Illinois-Missouri) in the St. Louis metropolitan 
area in 1963 established a Bi-State Transit System, consolidated 15 separate systems 
and extended service on an areawide basis. The agency also performs wharf, airport, 
air pollution and regional planning functions. 

Special Districts 

The most common recourse in the past to meet mass transit development needs has 
been to create a single-purpose development district. The special district approach 
has a high degree of political feasibility. It provides an areawide geographic base and 
can often relate costs and benefits. On the other hand, special districts have a "single­
mindedness" that often works to the detriment of coordinated transportation and other 
urban development programs. The Chicago Transit Authority, the new Massachusetts 
Bay Transportation Authority (Boston) which, incidentally, will be partially financed 
by statewide taxes, and the San Francisco Bay Area Rapid Transit District which will 
operate in three counties are examples of state-initiated special transit districts. 

To achieve the advantages of the special district while minimizing its disadvantages, 
the Advisory Commission on Intergovernmental Relations has recommended (based on 
State of Washington legislation) that when metropolitan special districts are established 
they be empowered by statute, subject to local voter approval, to carry on additional 
metropolitanwide functions, in addition to transportation. Governing bodies of such 
special districts should be primarily made up of local elected officials of the jurisdic­
tions affected who are also likely to be involved in metropolitan comprehensive planning 
activities. The agency should have taxing as well as borrowing authority, and proposed 
land acquisitions should be submitted to the local jurisdictions affected for assurance 
that the proposed actions contribute to the execution of local comprehensive plans. 

CONCLUSION 

The basic theme of this paper has been to identify ways of increasing the ''batting 
average" for implementation of comprehensive planning recommendations. But it 
must not be forgotten that planning, and even development and implementation, are 
not ends in themselves. Planners, administrators, and elected officials must always 
keep in mind the words of that incisive observer of the American scene, deTocqueville, 
that "the end of good government is to ensure the welfare of the people, not merely to 
establish order in the midst of their misery." 

The suggestions made in this paper-for constant sensitivity to the political and 
value-laden nature of planning recommendations, for the development of objective 
measures of costs and benefits as a basis for negotiation, for greater representation 
and financial participation by local governments in transportation study decisions, for 
having transportation planning efforts strengthen the comprehensive planning process, 
for assuring a proper balance of attention between highways and other public transporta­
tion systems, and for establishing effective and responsible transportation development 
agencies--are designed to help "ensure the welfare of the people." 

Planners are uniquely endowed by training, professional tools, and experience to 
help achieve this objective. The planner's idealism and his orientation in the whole 
community have placed him, in the eyes of many, in a position of intellectual leader­
ship for achieving the good life for the individual. This help is needed as never before. 
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Techniques for Determining 
Community Values 
ALAN M. VOORHEES, Alan M. Voorhees and Associates, 

Washington, D. C. 

Recent studies have made it evident that transportation planning 
must take into consideration the values of the community, which 
are important both to the overall transportation plan and to the 
location and design of specific facilities and must, therefore, 
be considered on a community-wide basis, as well as at a more 
detailed, local level. A weakness in most transportation studies 
is that the study design does not adequately account for com­
munity values. 

At the present time, three methods are being used to establish 
overall community values: focus groups, rating panels, and 
attitude surveys. Two techniques, community review and polit­
ical review, are being used to resolve their differences with the 
planning function. Studies reported in this paper indicate that 
all these techniques have merit, but that success varies con­
siderably with the situation and with the particular end sought. 
Additional studies and a more coordinated use of the techniques 
will, however, be necessary before they can become really 
effective. 

At the location and design level, techniques for determining 
community values are just beginning to emerge. Teams of 
engineers, architects, andplanners have helped bring together 
different points ofview, but cannot assureadequate recognition 
of community values. Special techniques now being developed 
will assist the team in measuring the values of neighborhoods 
through which a facility may pass. These techniques deal with 
social values, living patterns, and community attitudes, as 
well as with aesthetic considerations. 

•EVERYONE in the transportation planning field has asked himself, "Just which plan 
is best?" We have all sought some technique that would give us a dependable answer, 
some way in which to consider properly all of the many factors involved. We can list 
many or a few of them, as in the case of Enid, Okla. , where the following factors will 
be used to test alternative plans: 

1. Cost to develop the transportation system, 
2. User costs and benefits, 
3. Losses or gains in taxable revenues, 
4. Relocation problems, 
5. Consistency with community development goals, and 
6. Aesthetic considerations (!). 
But the difficulty is in measuring and weighting these factors. The more we think 

about the latter process, the more we are aware that almost every individual will 
weight these factors differently. A woman would weight alternative costs differently 
than would a man. An elected official would weight them differently than would an 

Paper sponsored by Committee on Commllility Values. 
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Figure l. Year 2000 plan (source: National Capitol Regional Planning Council). 

engineer. Relocation problems might appear more important to an elected official 
than could a cost and benefit analysis. An architect would certainly emphasize the 
aesthetic considerations, a city planner would give more significance to community 
development goals, and an economist would attach more importance to economic factors. 

The difference in emphasis on criteria can readily be seen m the evaluation ot ex­
isting plans. For example, the choice between the Year 2000 Plan in Washington 
(Fig. 1) and the Metrotown Plan in Baltimore (Fig. 2) rests largely on how highly 
one values broad expanses of open space and on the degree of importance one gives 
to the central business district. If one emphasizes a strong downtown and broad open 
spaces in the outlying areas, one would probably choose the Year 2000 Plan. However, 
if one puts less emphasis on downtown and feels that it might be better to distribute 
open space throughout the metropolitan area, one would then probably prefer the 
Metrotown Plan. So, in effect, the selection of the ''best plan" depends on how much 
weight is placed on various community goals. 

On a smaller scale, the choice between overhead or subway in the construction of 
a downtown transit system may hinge on one's evaluation of the impact that an elevated 
structure might have on downtown development. If one does not think it is likely to 
have much impact, then one might favor the overhead; or, if one feels that an elevated 
structure would depress real estate values or would be aesthetically undesirable, one 
would probably insist on developing a subway system. So, in reality, the best plan 
hinges on the values of individuals, and there is no one best plan from all points of 
view. 

In a democratic society, people's values about public expenditure are largely 
reflected through the political process. The technician has the responsibility for 
developing alternative plans that take these values into consideration and then helping 
to evaluate each alternative. The determination of community values is, thus, a 
critical step in the planning process (2). 

In the past, most urban transportation studies have avoided this issue. Some have 
tried to develop goals and objectives presumed to reflect community values. Other 
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studies have developed principles and standards for transportation service which were 
presumed to rest on such values. But the consensus reached on relative value was 
never articulated. Now, however, there are a few studies which have made systematic 
attempts to analyze community values and to incorporate such analyses into their 
overall programs. 

Davidoff and Reiner (3) have indicated many techniques that can be used to determine 
community values-market analyses, public opinion polls, anthropological surveys, 
public hearings, interviews with informed leadership, press content analyses, studies 
of current and past laws, administrative behavior, and budgets. As planners, we are 
familiar with some of these techniques, but we have often overlooked the fact that we 
were dealing with individual and community values. For example, we tend to look 
upon a public hearing only as a necessary legal requirement, but, in fact, it usually 
brings out people's values quite clearly. It is true that those attending such a hearing 
often do not represent the community at large (and planners need to be familiar with 
a wider range of values), but the public hearing still reflects a considerable segment 
of community sentiment. 

THE CINCINNATI EXPERIENCE 

One interesting program to determine and resolve differences in community values 
was recently developed in Cincinnati in conjunction with the preparation of the down-
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town plan. There, a Working Review Committee, similar to the "task force" outlined 
in an article by Nash and Durden ( 4), was set up. This committee consisted of the 
key Council members and the leaders in the downtown area. A plan was not developed 
and then presented to them "cold"; instead, it was conceived in a series of meetings 
between the planners and the Working Review Committee. The technicians working on 
the study presented the various alternatives to the committee and then let the com­
mittee make the final decision as to which alternative was ''best." 

They started out with the broadest issues, such as where the governmental complex 
should be located, where office expansion should occur, and whether retailing should 
be more dispersed (Fig. 3). But before these decisions were made, a thorough study 
of people's attitudes toward the downtown area-what they liked and disliked-was 
made. This was, in effect, an attempt to measure community values (5). These 
studies indicated the strong feeling people had about parking, so parking naturally 
played an important part in the alternatives conceived. These alternatives were 
prepared in depth by the technicians and then presented to the Working Review Com­
mittee. The committee discussed the alternatives from the points of view of its mem­
bers, which were, in effect, weighted according to community attitudes. 

A good illustration of how values affect the decision-making process was demon­
strated by the discussions on the expansion of governmental facilities. It was generally 
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agreed that expansion was necessary and that the new facilities should be located in 
the downtown area. But the point at issue was whether the expansion should take place 
around the existing City Hall, because of tradition, or whether the new office buildings 
should be located in a blighted section of the downtown area where they might stimulate 
new development. The Working Review Committee's values seemed to favor tradition 
and, accordingly, they chose to expand the city activities near the present City Hall. 

After the broader issues were settled, the committee turned to more detailed ones, 
such as how wide certain streets should be and what type of traffic control should be 
used. In these situations, the technicians presented a "preferred" technical solution, 
and the Working Review Committee either accepted or rejected it. By this process, 
community values were taken into consideration, and a plan for downtown Cincinnati 
on which there is agreement was created. 

There were various occasions in this latter phase of the process when individual 
values played an important part. For example, in considering street improvements 
around Fountain Square, the question was raised as to whether they should be located 
north or south of the square. The technicians had suggested that they go north, pri­
marily because they would have about the same aesthetic impact on all of the sur­
rounding area. However, the Working Review Committee felt that the improvements 
should go south of Fountain Square, so that the fountain could be tied in with the re­
development project to the north. The agreement that was reached strengthened the 
relative position of this particular project. 

OTHER PROCEDURES 

Values are important in considering areawide, as well as detailed, plans. Although 
Davidoff and Reiner suggest various types of studies to determine values, it appears 
that there are three types of procedure that are used to measure community values 
for land-use and transportation studies: focus groups, rating panels, and attitude 
surveys. The means used most often in resolving values are committee review and 
political review. A look at the work that has been done in these fields should be 
helpful in formulating more effective planning programs in the future. 

Focus Groups 

This technique uses a group of people who have common backgrounds and interests, 
and explores with them a particular subject with which they are familiar. There is 
usually a discussion leader who guides the group and an observer who does not par­
ticipate. If the leadership is effective, ideas and concepts will grow, and a better 
understanding of the motivating factors behind individual values can often be obtained. 

In addition to obtaining a better insight into values, the focus group can be used to 
develop a hierarchy of values, the order of importance of various factors. However, 
one cannot measure values from a focus group with any statistical precision like that 
provided by attitude surveys. 

In connection with the Washington transportation study, focus groups were used not 
only to select values but also to determine the kind of language that best described 
the issues (6). In other words, this process made it possible to phrase more ade­
quately the questions that were to be used in the follow-up attitude surveys. 

The focus group technique is an effective way to get at major issues. For example, 
if one were concerned about freeway location in a certain section of town, it would be 
good to bring together a group of people who live in that section and who understand 
the area. By this process one could try to determine a freeway location that would be 
in harmony with the values of the people living nearby. 

It would appear that the focus group technique might also be used effectively in 
formulating alternatives . Proper application could bring forth ideas and attitudes 
that would indicate alternatives that might not otherwise have been conceived and 
might be more in line with community values. In such a case, it would be a positive 
tool for improving transportation planning efforts. 
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Rating panels have been used effectively to evaluate individual values, particularly 
in terms of general land-use plans. The rating panel used in the Puget Sound Area (7) 
consisted of planners from var10us parts ot the reg10n wno were reqmrect to rate -
alternative plans developed by the Puget Sound Regional Transportation Study. The 
rating form used is shown in Figure 4. After going through the rating procedure, this 
panel discussed the alternatives at some length and came up with a plan that was a 
compromise among several of the alternatives developed by the technical staff. This 
indicates again that the determination of values can be a positive tool in the planning 
process. 

Of course, rating panel measurements represent only the members' values, not 
those of the community at large. However, there are times when it is very useful to 
know the values of a particular group, and in such cases the rating panel has con­
siderable merit. The rating panel has an advantage over the focus group, in that a 
statistical evaluation of the results can be made. 

Attitude Surveys 

A well-conceived survey is probably the best way we have to determine values. If 
the questions are well developed and if there is an adequate sample, a great deal can 
be determined about community values, whether the surveys deal with attitudes about 
the home, the neighborhood, or the community at large. 

In many cases, attitude surveys have been taken in transportation studies at the 
same time that the home-interview survey is conducted, either by extending the 
questionnaire time or by dropping off a self-enumerating questionnaire (8). Generally, 
these surveys have emphasized the overall aspects of urban living, partfcularly living 
patterns. Such facts, of course, increase unders~nding of people's values, but they 
do not measure them. For example, the fact that 80 percent of our leisure time is 
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spent around the home suggests why most people are so concerned with their neighbor­
hood environment, but it does not tell just how important it is to them. 

But the attitude survey can be used to establish the weights of various criteria. For 
example, it can quantify the relative weights of such things as the cost of the trans­
portation system, user benefits, impact on taxable revenues, relocational problems, 
consistency with development goals, and aesthetic considerations. We can obtain the 
weighting on a community-wide basis, or we can determine the weights for a particular 
group. This, then, should allow us to present to the policy-makers the values of the 
people at large or the feelings of a particular segment of the population about a par­
ticular alternative. 

Unfortunately, this type of procedure has not been used in the past. Attitude surveys 
have been limited primarily to obtaining information on existing attitudes and have not 
attempted to measure the reaction of the public to proposed alternatives. This kind 
of test should certainly be employed in the future; the business world has found the 
technique very productive. 

It has been reported that President Kennedy, in commenting on attitude surveys, 
felt that they should not be used to predict people's reactions but, rather, to measure 
what people were thinking. If the political leader fully understood the thoughts of each 
constituent, he would then be in a position to weigh properly the feasibility of a par­
ticular plan or program, even though it might appear in some ways adverse to the 
thinking of his constituents. 

Committee Review 

Committee review has been used in numerous cities throughout the country. In fact, 
most planning commissions serve this function. They attempt to evaluate broad, as 
well as detailed, proposals and to measure them in light of their values. Although 
this is not often explicit in their recommendations, it is always implied. 

The general-purpose committee has proved rather ineffective because it usually 
does not have sufficient experience or knowledge of the special issues involved. A 
lay group, such as a planning commission, often is not in a good position to evaluate 
alternative plans because, in many cases, its members do not have enough experience 
to have formulated any opinions or values related to certain types of problems. 

In San Francisco, another method of community review, more like the legislative 
hearing process, is being developed. The Bay Area Transportation Study Commission, 
created by the State Legislature to develop a transportation plan for the San Francisco 
Bay Area, is now meeting with many county leaders to learn more about the plans that 
have been made and the county development concepts of various people. By this hearing 
process, the Commission will become familiar with the goals and values of the indi­
viduals who live in various sections of the region and, therefore, will be in a better 
position to know the kind of plan that would reflect the aspirations of the people of the 
region. This technique is certainly sound and will undoubtedly be used in other studies 
throughout the country. 

The Political Process 

The final review, of course, is the political process, always the acid test of any 
plan. The political review can be accomplished through the normal legislative process, 
or it can be undertaken by an attempt to interpret the values of the power structure of 
the area through special interviews. A general weakness of most transportation studies 
in the past is that this has been overlooked. Not much consideration has been given to 
the political process, and information related to various alternatives has not been pre­
pared in a manner that can be readily understood by the political leaders. 

In the Hartford region, the alternatives were presented to the political leaders in a 
straightforward and simple manner, and over a period of a year. As a result, a plan 
for the future development of 27 towns was selected without a dissenting vote. 

The proposed land-use and transportation study in Detroit is attempting to emphasize 
the need for cooperation with the power structure in the community and is setting up a 
special staff to work solely with the political policy-makers (~). The staff will try to 
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assess the values of the policy-makers and to develop alternatives that reflect them. 
This will be done through interviews with the power structure, as well as an evaluation 
of existing laws and ordinances related to urban development. 

Each of the methods described has its advantages and limitations. In Cincinnati, 
however, it was discovered that if these various techniques are properly coordinated 
into an overall approach and if every effort is made to measure subjectively and ob­
jectively the value systems of the community, the chances of plan adoption are much 
greater. 

There are, of course, various other techniques that can be used in determining 
community values, but none of them has been applied successfully in land-use and 
transportation studies. However, experiments are being made with sophisticated 
models that can be used to predict the reaction of various groups within a region. 
Development of such models would be a major step forward. Undoubtedly, this will 
take some time because the field is so new, so complex, and so involved. 

CONCLUSION 

The existing tools that thus far have only been partially applied must be improved. 
We must watch for changes in values, because it is clear that people's values do 
change, not only for economic reasons but also because of social and technological 
factors. Therefore, the process of determining community values is a continuing one 
which must be pursued diligently if we are to cope effectively with the changing re­
quirements of our communities. 

The development of a technique similar to the VPA (Vote Profile Analysis) probably 
is in order-a technique that will establish the factors involved in community values 
and will show how different groups of people evaluate them. A constant search for 
changes in these factors and values will help us understand the changing nature of our 
society and, therefore, enable us to plan more adequately for its future. 

SUMMARY 

The evaluation of community values is a very complicated issue. It is quite clear 
that it is fundamental to the whole planning process. It is the one factor that makes 
planning quite different from many other professional tasks. Until better techniques 
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develop plans which will have public acceptance and understanding. Although this task 
is a difficult one, it is nevertheless essential if we are to prepare plans which may be 
successfully implemented in a democratic society. 
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Market Potential Model and 
Its Application to a 
Regional Planning Problem 
T. R. LAKSHMANAN and WALTER G. HANSEN, Alan M. Voorhees and 

Associates, Inc., Washington, D. C. 

This study considered the following aspects of a regional planning 
problem in Baltimore: is there a potential in the region under 
existing policies for the large retail cores envisaged in the 
metrotown center concept, and if so, how many, where and 
when? Answers to these questions were sought through the 
development of an estimating tool (market potential model) that 
permits a flexible evaluative procedure to consider alternative 
patterns of future retail growth in the Baltimore region. The 
scale, location and timing of a large number of retail cores were 
identified, indicating a key component of the metrotown center 
concept to be consistent with the urban growth processes. 

eA GROWING CONCERN over appropriate concepts and policies of urban spatial 
organization is noticeable today in many Western countries. The traditional image of 
an urban community with its tightly knit, articulated form and structure has been seri­
ously eroded by the effect of ever-increasing mobility and communications and by the 
widely distributed benefits of rising productivity. The consequent desire for a new 
desirable image of a metropolitan community and the mounting problems of metro­
politanization have stimulated a wave of interest in recent years in the development of 
appropriate concepts and criteria for urban spatial organization. This movement has 
led in turn to the formulation of metropolitan plans that envisage various goal-forms 
that will presumably enrich the economic, social, and aesthetic life of the urbanite. 

The resultant plans evidence varying traces of utopian ideas as well as pragmatic 
requirements of effective metropolitan planning and public communication. Generally, 
they lean towards ideal forms for the future metropolis. Thus, Washington's Year 
2000 Plan proposes a starlike configuration with corridors of dense development around 
a dominant center ( 1). The Greater London Plan calls for free-standing towns at the 
outer edge of a permanent greenbelt. 

In the Baltimore region, systematic analyses of the present growth patterns and the 
forces behind them have been made to diagnose the potential for change and the leverage 
for goal-directed spatial organization. These extensive exploratory studies by the 
Regional Planning Council indicate that the activity and interaction patterns noticed 
today in large metropolitan areas suggest a scale for urban organization larger than 
the traditional concepts of neighborhood and community. As a result of these analyses 
(2, 3), the Regional Planning Council developed the concept of metrotowns. (One of 
the Tnteresting points about the results of the analyses is that the development of these 
towns can reduce travel as much as 20 percent.) The metrotown concept envisages a 
regional system of suburban towns deployed radially and in a series of rings around 
the City of Baltimore (Fig. 1). Each metrotown is viewed as a relatively self-suffi­
cient, physically cohesive community, with a population of 100,000 to 200,000, broad 
and varied choices of housing densities, considerable employment opportunities, a 
full-scale retail and service hub, and attractive recreational and cultural facilities 
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Figure 1 . Metrotown concept, Baltimore area . 

(Fig. 2) . Major open spaces or "greenbelts" will separate the metrotowns and a 
regional transportation network will link all metrotowns and the "metrocenter" of 
Baltimore City. 

It will be noticed that the metrotown concept is, to some extent, a reformulation of 
the ideals and spatial structure expressed in the British New Towns Hypothesis, in 
accordance with the realities of contemporary patterns of living, work, and circulation 
in the United States. The bias against sprawl, the notion of a desirable size, the 
emphasis on compact town centers to heighten the sense of urbanity ( 4), the belief that 
orderliness depends on boundedness-the greenbelt-and the provision of convenient 
accessibility from residential areas to high levels of diverse service and employment 
are commonalities. But there are significant differences . The metrotown concept is 
intended not to curb but to channel the growth of Baltimore into a desirable urban form. 
In addition, differences in scale of the towns, and above all in the machinery of plan 
implementation, must be obvious. Further, the metrotown centers are not viewed as 
free-standing service or employment centers but as nodes in an interrelated metro­
politan spatial system. 

Any formalized spatial concept such as the "metrotown" concept is not only a state­
ment of a desired future urban form but also an hypothesis of a viable spatial structure. 
The validity of the hypothesis rests largely on the consistency of the spatial structure 
it implies with the nature and operation of urban growth processes and the realities of 
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institutional arrangements in the region. Therefore, the metrotown concept is viewed 
as an hypothesis of metropolitan spatial organization whose relationship with the factors 
and forces of development in Baltimore must be evaluated. Such an approach, though 
by no means easy in the current state of the art, will lead to a more precise and 
realistic formulation of the scale, composition and scheduling of metrotowns and their 
centers. 

STUDY OBJECTIVES 

The objective of the current research effort of the Regional Planning Council is to 
forge a set of decision-making tools to guide the scale, location, and composition of 
viable metrotown centers. The necessary research effort, in a concept that envisages 
a score of metrotowns in the region, dictates the analysis of these new towns as an 
integrated spatial system. Perhaps it is this explicit analysis of metrotown centers 
as nodes in an interrelated metropolitan spatial system that may distinguish the 
metrotown study from the analyses associated with individual new towns-Columbia, 
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Figure 3. Metrotown centers: market potential analysis flow chart . 

Reston, or Irvine Ranch-proposed in the United States today. Analyses try to go 
beyond the common focus on balance within towns to balance between towns. Conse­
quently, a beginning has been made towards systems analysis techniques that relate 
fnnr-tirm, lriC'::itirin ::i_nrl int<>-r::IC'tirm.<: in ::in 11-rh::in 1::inrls::C'::I['<> 

The study reported in this paper is one of a series of related studies ( 5, 6) that 
investigate the scale, composition, and location of metrotown centers. The- initial 
formulation of the metrotown concept postulates a gradient of dwelling densities out­
ward from each center, with greenbelt separators for demarcation of towns. The 
validity of this classical planning premise is also currently examined in view of the 
increasing diversity of people's residential locational preferences ( 5). Webber (6) 
prophesies that recreation may well replace in the future the work pi.ace as a major 
determinant of residential location. Then the greenbelt may be a better location for 
high-rise apartments than the town center, or even for the town center itself. Again, 
how realistic is a greenbelt as a "container" in the current context of interaction in an 
automobile era? 

The present study addresses itself to one facet-the retail core-of the complex 
functional organization envisaged in the town centers. It investigates the possibility 
that the large commercial hubs implied in the metrotown center concept may be real­
ized. In operational terms, assuming the continuation of current policies and growth 
trends in the Baltimore region, what is the potential for large regional commercial 
centers? How many centers? What sizes? Where? When? 

STUDY DESIGN 

A prerequisite for tackling the foregoing questions is a realistic description of the 
functioning of the commercial centers today. If such a description-a model-is de­
veloped, it could be used to estimate the potential of commercial centers at a future 
point in time. Such estimates of performance can then be evaluated against stated 



criteria of planning relevance to guide decision-making on the scale, location and 
scheduling of large future commercial centers in the region. 
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The overall study process is shown in Figure 3. First, a market potential model 
that views each retail center as an integral part of an interrelated spatial system of 
commercial nodes in the region was developed and tested. Second, data were as­
sembled about the future state of the region. Such data included future population 
distribution and highway networks assuming existing trends and policies, as well as 
assumed alternate commercial patterns. Next, the model was used as an estimator 
of sales at various centers under the different alternate assumptions. Finally, the 
results of the model application were reviewed in the light of evaluative criteria such 
as the economic feasibility of centers-existing and future-and levels of retail service. 
The results of this evaluation yielded a preferred pattern of large retail centers, each 
described by location, size and timing, and some implications for regional commercial 
policy-making. 

A MARKET POTENTIAL MODEL 

Model Formulation 

Retail activities are consumer oriented. A reasonable premise of the model would 
be that the size and the number of retail establishments in an area is a function of the 
number of consumers, or more appropriately their aggregate purchasing power. 
Stated differently, within a metropolitan region, which can be considered for the 
present purpose as an economic and spatial entity, the total sales generated at all 
the shopping centers must equal the total available consumer expenditures for retail 
goods. (The following formulation assumes that purchases by residents in establish­
ments outside the region are balanced by the sales made to visitors in the region.) 
However, the sales at any given retail center will be a function of the consumer ex­
penditures in the surrounding area. 

It is in the definition of the surrounding area that the present formulation differs 
from most approaches to this problem. Since customers bear the burden of costs of 
movement--economic, temporal, or psychic-to the retail center, the actual locations 
of the retail centers are influenced by the intricate patterns of the consumer move­
ments for retail goods. Generally, there is a desire to minimize these costs of 
movement on the part of the consumer (7), hence, the desire of the retailer to choose 
sites of high accessibility so as to reduce these costs of friction. This overall tend­
ency has persuaded market analysts to assume that a consumer, confronted with a 
choice among several alternative shopping centers, will inexorably choose the nearest 
center. This heuristic assumption permits the delineation of trade area-primary and 
secondary-boundaries, with the inclosed consumer expenditures allocated through 
other sub-assumptions to the individual shopping centers. Such a procedure is no 
more accurate than the highly questionable assumption of closed market areas around 
retail centers. Empirical studies have demonstrated that there is, instead, a con­
tinuum of market orientation of consumers to shopping centers (8). From a behavioral 
point of view it has also been asserted that shoppers engage in an information-seeking 
process, which, over a period of time, tends to attract them to different centers in 
some constant proportion (9). Further, the traditional definition of the surrounding 
region as a closed market area is operationally inflexible for the evaluation of alter­
nate spatial patterns of retail activity attempted in this study. 

The present formulation, consequently, asserts that the location or sales potential 
of a retail center is not to be viewed as a function of the purchasing power of an arbi­
trary spatial slice of the region. More realistically, it describes a situation of over­
lapping competition between shopping centers and develops a mathematical framework 
for measuring it. 

Essentially, the model states that the sales potential of a retail center is directly 
related to its size. This follows from the observation that a large center offers a 
wider range and depth of goods and attracts consumers from a wider area than a 
smaller center would in the same location. Further, the sales potential of a center 
is directly related to its proximity to the number and prosperity of the consumers. 
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The larger and closer the consumer shopping dollars available, the greater the sales 
potential. Finally, the model states that the sales potential of a center is related to 
how disposed it is to competing shopping faciiities. The farther away other shopping 
facilities are spatially, the greater the sales potential of a center. 

These relationships are expressed in a mathematical form, using the familiar 
gravity model framework shown in Eq. 1: 

2 3-
dij 
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where 

Sij consumer retail expenditures of population in zone i, spent at zone j, 

Ci total consumer retail expenditures of population in zone i, 

F j size of retail activity in zone j, 

dij distance (in driving time) between zones i and j, and 

x exponent applied to distance variable . 

The gravity model was first applied by Reilley to separate the market areas of two 
cities competing for customers in a hinterland. 

( 1) 

Eq. 1 which can be meaningfully applied if the region is divided into a large number 
of zones, states the retail center in zone j (Fj) attracts consumer dollars (Sij) : 

1. In direct proportion to the consumer expenditures, 
2. In direct proportion to its size Fj, 
3. In inverse proportion to distance to the consumers (dij x), and 

Eq. 1 can be modified to state the consumer expenditures available in all zones of the 
region that would probably be spent in zone j (retail cent~rs Fj): 

Fj 
n 

L (2) 
i= 1 

where Sj is total sales in retail center Fj. 

Eq. 2 sums up the sales from every zone at zone j. It implies that there is no trade 
area boundary but a shqpping interaction between all zones, though this may fall off 
sharply with distance. 

This model, though new to market potential studies, has been extensively used in 
traffic studies in many urban areas in the United States. These studies have used 
operational definitions for the variables meaningful for traffic analysis and found it a 
good predictor of shopping travel patterns. 

Model Verification 

The relevance of the model to the real world was verified by applying it to the cur­
rent shopping patterns in terms of dollar sales and shopping trips in the Baltimore 



TABLE 1 

VARIABLES WITH OPERATIONAL DEFINITIONS USED IN THE STUDY 

Variable Definition 

Sj Annual sales of shopping goods made in zone j (in dollars). 

Ci Total consumer annual expenditures on shopping goods avail­
able from zone i. Operational: The product in dollars of the 
population in zone i and the per capita shopping expenditures. 

Fj Size of shopping goods activity in a zone. Operational: Square 
feet of floor space devoted to shopping goods in zone j. 

dij Distance between the shopping center j and the consumers in 
a zone i. Operational: Driving time in minutes between the 
centroids of the zones. 

Exponent applied to distance factor, d. Operational: In prac­

tice, a friction factor, F, is used so that F = er-a· exponent 

a: is variable with dij. The set of F factors useJlwere obtained 
from the BMATS s hopping goods trip gravity model. 
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region. The model concerned itself with only the shopping goods centers that offer the 
higher order retail goods, since they constitute the type of retail activity of impor­
tance to the metrotown concept. Table 1 summarizes the operational definition of the 
variables used in the model. 

Estimation and Evaluation. - With all the variables measured, standard computer 
programs developed for traffic studies were used to generate sales in dollars that 
were attracted to all zones that had shopping goods floor space. Figure 4 compares 
the annual sales generated by the model and the actual annual sales confidentially 
obtained for six large shopping centers. The fit appears good except for observation 
5, which was not fully open during the comparison period, hence the apparent over­
estimate. 

The sales comparisons, though encouraging, were possible for only six centers. 
To provide a more pervasive check on the model, an estimation of shopping goods 
trips was made. This was felt to be a valid check of the model, as previous studies have 
clearly shown a direct relationship between retail sales and trip generation (11, Figs. 4, 7). 
The number of shopping goods trips that actually left every residential zone was ob­
tained from origin-destination (O-D) survey data. These trips correspond to the 
consumer expenditures that went from every zone to different shopping goods centers 
in the previous estimation. Using the shopping goods floor space as an attractor, 
these trips were allocated to the various shopping centers. 

From the O-D survey it was also possible to obtain the number of shopping goods trips 
actually attracted to each center. Figure 5 provides a comparison between actual 
(O-D) shopping person trips and model person trips . The model appears to conform 
well (r2 

= 0. 91), particularly when it is remembered that the survey data are based 
on a 10 percent sample and subject to considerable sampling error in the lower ranges. 

The sales comparison at the central business district ( CBD) was inconclusive, 
owing to the unaccountability of purchases made by workers and visitors. However, 
the shopping trip comparison was extremely gratifying ( only about 5 percent difference); 
(actual) O-D shopping trips to CBD = 17,466, model shopping trips to CBD = 16,425. 

Summing up, the comparison of the actual and estimated patterns of current shopping 
sales and trips in the Baltimore region demonstrates that the model performs reason­
ably well. The noticeable variations appear to be a measure of the inevitable abstrac­
tion in any model formulation as well as data problems. The market potential model 
was, consequently, accepted for application. 
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and tested in this study is essentially a 
tool for estimating the market potential 
of each retail center in a metropolitan 
region. To be used as an estimating 
tool, the model requires a description 
of the urban area in terms of (a) the 
shopping goods demand described spatially, 
(b) the supply of competing shopping goods 
facilities, and ( c) the spatial links be­
tween the retailers and the consumers. 
All these components of the retail spatial 
structure have to be specified before the 
model can be used for estimating sales 
of each center in the urban area for a 
required point in time, e.g., 1970 or 1980. 

Demand for Shopping Goods. -The 
demand for shopping goods is represented 
by the consumer purchasing power in the 
region. To compute the demand for 
shopping goods for a future year, projec-
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tions of population and per capita expenditures are prerequisites. This study used the 
zonal population projections developed in a recent study by the Baltimore Regional 
Planning Council (12). These projections resulted from the application of mathematical 
models that made two basic assumptions: (a) existing trends in the residential site 
selection process would continue, and (b) existing policies-zoning, public works, 
etc. - in the region would continue. No policies relating to the metrotown program 
entered into these projections. Thus, the distribution of consumers in 1970 and 1980 
assumed as inputs to the market potential model would reflect the probable effect of 
existing policies. 

The per capita shoppi11g goods expenditures for 1970 a..11d 198 0 were developed 
through the application of an econometric model (13 ) : For 1960, Cij = 2. 3 Yi 0

• m ; 
for 1970,_ Cij = 2.~0 (Yi+ 109) 0

"
573

_ and for 1980, Ci·_= 2. 30 (Yi+ ~38) 0
' 5'13, where 

Cij = ca.prta shopprng goods expenditures and Yi = es1unated mean rncome . 
The projections of per capita expenditures by zone used the income projections 

developed in the previously cited study by the Baltimore Regional Planning Council. 
Thus, both the population and income projections used in the study imply the continua­
tion of existing policies. 

Existing Facilities . -The supply of existing facilities refers to the shopping goods 
retailing units described by size and location in the region in any year for which the 
model is to be applied. To apply the model for a future point in time, e.g., 1970 or 
1980, the size and location of the shopping goods facilities had first to be assumed 
for that year. The model could then allocate the total consumer expenditures for 
shopping goods to the various assumed and existing shopping centers. Therefore, 
use of the model is a trial and error process, and the model framework is not a loca­
tional but an evaluative scheme. Generally, models of intraurban location determine 
locations of shopping facilities, given the distribution of retail demand and the dis­
tributive effects of the transportation system ( 14). The market potential model used 
in this study, however, accepts locations of shopping facilities as inputs and then 
estimates their sales levels. Since alternative location-size patterns can be assumed, 
this model offers a technique for estimating the consequences of alternative patterns 
of growth of shopping goods facilities. 

In practice, alternate assumptions of the sizes and locations of shopping facilities, 
in addition to the existing facilities, were made. The market potential or sales level 
of each of the centers in the region in each of the alternatives was then obtained from 
the model. 

Spatial Description of System. -A key variable of the model is the consumer-retailer 
interaction space. The operational definition used for the variable was the driving 
time between the consumer's and the retailer's zones. An application of the model 
to 1970 or 1980 requires, consequently, the zone-to-zone travel times on the 1970 
and 1980 highway networks. This data input leads to assumptions concerning the high­
way networks in 1970 and 1980. 

Here again, the assumption built into the model is that current policies will continue. 
The Baltimore Regional Planning Council prepared a map showing the future highway 
networks that represented a composite of existing policies. Inside the BMATS area, 
the recommendations of the recent Wilbur Smith study were incorporated. In the rest 
of the region outside the BMATS area, the highway proposals of the Maryland Needs 
Study were assumed. 

Model Output 

Given a description of the three components of the retail spatial structure-demand, 
supply, and buyer-seller interaction space--the model output provides the following 
measures for each alternative: (a) the probable sales levels at each center-existing 
and future; (b) the average trip length for shopping goods for the system as a whole; 
and ( c) the consumer dollars from each residential zone that are spent at each shopping 
center. 
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CRITERIA FOR EVALUATION OF RETAIL POTENTIAL 

'T'ho maj,n• n11tp11t nf tho ma.rlrot pntonHc,l mnnPl thPn io a gorioc nf ootim<>too of 
probable sales at shopping centers, assuming existing trends and policies and under 
various alternative schemes of growth. They are projections of consequences-in 
terms of market potential at shopping centers-of stated assumptions and policies and 
do not by themselves suggest any optimal or preferred patterns. To guide decision­
making on preferred (location-size-time) patterns of growth of shopping goods facil­
ities, criteria against which these estimates can be evaluated had to be formulated. 
These criteria would reflect the regional planning objectives in terms of the metrotown 
program. 

To use the various alternatives and the corresponding sales estimates to identify 
the locational opportunities for large shopping centers, two broad sets of criteria 
were formulated. The first would assess any alternative at the individual location 
level. These would be the broad criteria guiding the investment decisions of individual 
developers. How does a developer gage his locational opportunities? What is the 
minimum return considered necessary before investment decisions are made? 

The evaluation problem in this study is broader in scope, however, than that of an 
individual developer interested in a specific location. It involves the consideration of 
the rigidities in the existing commercial pattern. For instance, what would be the 
impact of location of a new large shopping center on the performance ( or sales level) 
of a nearby existing shopping center? Therefore, the second set of criteria enlarged 
the scope of evaluation from an assessment of individual centers to an evaluation of 
an interrelated system of centers in the whole region. In other words, how do the 
new (assumed) shopping centers evaluated by the first set of criteria and the existing 
set of regional centers "add up" as a regional pattern? Do the regional patterns as­
sumed provide comparable levels of service in different part of the region to the con­
sumers? Further, are the regional patterns of centers evaluated in relation to all 
these questions a reasonable simulation of the market processes? These are ticklish 
questions and the judgment criteria related to them are by no means easy to establish. 
But they are very relevant questions and the criteria developed in the study appear, in 
our opinion, to be the most reasonable in this regard. 

All criteria used in this study are explicitly set down in the following, and the ration­
ale for their use is developed in some detail. 

Size of Centers 

It was stated earlier that this study investigates the potential for large shopping 
centers to form the cores of metrotown centers. This raises the question of an opera­
tional definition of a large center. The definition adopted in this study was in terms 
of a minimum size for a shopping center to be considered as a metrotown core. 

The specification of a minimum size must, of course, be related to the observable 
trends in retailing. There seems to be a number of factors contributing to the increase 
in the scale of a shopping center. For one thing, as the population and income per 
capita increase in a region, the distribution plant in the retailing sector gets more 
fully utilized and possible economies of scale increase. As the retail establishments 
increase in size, they also tend to cluster together and offer a wider range of goods 
and associated services to induce the consumers away from other clusters. Further, 
as these clusters of establishments develop and increase the size of their market, the 
probability of new specialty goods stores coming in with special bundles of goods in­
creases (15). As a result, though there are limits for the increase in size of the in­
dividual establishments, the clusters of establishments-shopping centers-have been 
growing in size. However, the increasing searching costs of the consumers in large 
centers as well as the competition of other clusters may pose restrictions on the in­
definite increase in scale of a shopping center. The time costs imposed on a consumer 
looking for a shopping good increases rapidly with increase in the size of the shopping 
center. Conceivably, these costs could increase in a very large center to a point 
where consumers may prefer actually smaller centers. 
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The shopping goods floor space in a center would, of course, vary in relation to the 
number of consumers in the part of the region where it would be dominant. Conse­
quently, two minimum sizes related to location in the region were postulated for con­
sideration of shopping centers as metrotown center potential. In other words, in the 
inner beltway area, which is likely to be more densely settled by 1970 or 1980, the 
minimum size of centers to be considered was assumed to be 450, 000 to 500,000 sq ft 
of shopping floor space. In the outer beltway with a probably thinner development, a 
lower minimum of 250,000 to 300,000 sq ft of shopping goods floor space was postulated. 
Exceptions to these rules would be the older recognized communities such as Aberdeen 
or Westminster. 

Economic Feasibility 

A locational decision is made by a shopping center developer when a minimum ex­
pected return is assessed at a particular location relative to returns available at alter­
nate locations. So the centers tried in this study must be evaluated as to their relative 
economic potential at the level of an individual center (termed here as locational level). 
The evaluation of the individual centers in an alternative at a location level by the mini­
mum sales criterion, as described in the following, points up viable locations. 

A further level of evaluation arises; i.e., do the sales levels, size ranges, etc., 
of a subregional set of centers in an alternative simulate the market conditions? If so, 
that alternative will be judged as one realistic pattern of probable regional commercial 
growth. Thus, the alternative has to be evaluated in relation to viability of centers 
both at the locational and at the subregional level. The criteria for economic evalua­
tion at both these levels used in this study are briefly outlined. 

Locational Level. -There appears to be a minimum expected return on a shopping 
center considered necessary by developers before locational decisions are made. This 
minimum return is defined here in terms of annual sales per square foot. The use of 
this measure assumes returns for investment to be the same for different production 
functions of different retail establishments. Thus, the payoffs between sales levels 
and costs, such as rent levels, are ignored (though they may be uncovered in the 
subsequent site analysis). Further, the assumption is made that merchandising and 
advertising differentials will not be significant and location vis-a-vis consumers is 
most relevant. 

The sales per square foot varies by the type of store in a regional shopping center. 
Thus, the department stores sell on an average $59/sq ft, the variety stores $27, 
jewel r y shops $55, and shoe stores $40 to $45 (16). So the sales per square foot for 
a shopping center as a whole are a function of thetenant mix. In the Baltimore region 
the sales per square foot for all shopping goods stores in a regional center in 1963 
ranged from $45 to $53/sq ft. (This information is drawn from confidential informa­
tion obtained from the Sales Tax Department for a set of six regional shopping centers 
for 1963.) The shopping goods establishments aggregated over the entire Baltimore 
region averaged $44/sq ft. 

This study assumed that new shopping goods aggregations are viable when the sales 
per square foot obtained from the model run were at least $ 50 to $ 55. This minimum 
value is in line with the foregoing data and the best thinking among some leading prac­
titioners in the field of marketing. 

The sales per square foot obtained at any location at one point in time is related to 
the size of center tried. Thus, when an assumed shopping center was selling less than 
$50/sq ft, a reduction of its size in the next trial indicated the same location as work­
able at a lower size. Thus, this criterion helps in determining the scale at which a 
shopping center is viable. This criterion also aids in assessing the impact of a large 
new center on an existing center. Since the sales level at an existing center can be 
obtained, it is easy to measure the drop in its performance when competition is offered 
in the form of an assumed center nearby. Judgments can then be made about the size 
and location of a new shopping center that can be added close by without the existing 
center dropping its sales below minimum levels. 

Subregional Level. -The use of the criterion at the locational level will only indicate 
which centers are viable in 1970 and 1980 at sizes chosen. It will not show whether 
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the set of future centers tried in any subregion are a reasonable approximation of the 
probable commercial development as a result of market processes. Such an evaluation 
is not easy to make, but some indications may be obtained by considering the set of 
centers tried in a subregion in any alternative simultaneously. The procedure is dif­
ficult to outline without the illustrations that will be introduced later in the paper. Only 
the rationale for such a technique is set forth briefly here. 

If the sales per square foot for the major existing centers and the future centers 
tried in a subregion are plotted for all alternatives, some interesting observations can 
be made. In some earlier alternatives, the centers varied very sharply among them­
selves in sales per square foot. In some later alternatives, the centers varied con­
siderably in size but had a narrower range of difference in sales per square foot. It 
is easy to see that the earlier alternatives are poorer descriptions of the probable 
future pattern of centers. If some centers did poorly (e.g. , $30), they will not appear. 
In the same alternative, if some centers did very well (e.g., over $75/sq ft), they 
would either increase in size or generate their own competition. In other words, 
alternatives which assumed such a size-location distribution of centers are not de­
scribing the market processes. The later alternatives more truly indicate the typical 
market situation when centers will vary in size (depending on location vis-a-vis con­
sumers) but will have no such sharp differences in relative performance. 

Level of Retail Service 

It was indicated earlier that evaluation was necessary at levels higher than individual 
centers-existing or assumed. Individual centers may be evaluated at the locational 
level as workable at specific sizes. But do a group of such centers at a subregional 
level serve the consumers efficiently? This criterion of efficiency of a set of assumed 
centers that form an alternative was measured in two ways: 

1. The sales per square foot of shopping centers aggregated by transportation dis­
tricts-The underlying assumption is that, if a group of shopping centers in a trans­
portation district (T.D.) has high sales per square foot (e.g., more than $75), the 
consumers in such districts are poorly served. The potential for shopping goods floor 
space exists, and the few shopping goods stores in those transportation districts gen­
erate high sales per square foot. The consumers have to go to larger shopping centers 
.!._ -Ll---- ___ J...: ____ -.C J..1-- -----=--- .£ ___ J..1.-.! .. _1_ _____ ,!___ T .. ____ ,.:..1. .. ,_ __________ 1-.:_1_ --1--
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per square foot in such areas would result in either the centers increasing in size or 
in the development of new stores nearby to serve the consumers. So the implication 
for our a...1alysis is that if some alternative patterns indicate high sales per square foot 
for a number of transportation districts in a subregion, those alternatives are poor 
descriptions of the probable future pattern in that subregion. So in those subregions 
in subsequent alternatives, more shopping goods floor space will have to be assumed 
and the evaluation procedures repeated. So this criterion is useful as a corrective 
in the iterative strategy of setting up alternatives to approximate the probable future 
patterns of shopping goods growth. The details of application of this criterion are 
discussed with specific examples later in the paper. 

2. Average shopping trip lengths-this is a gross measure of the system efficiency 
of an alternative. In an alternative, where the assumed centers are tried at locations 
eccentric to population distribution, the average length of the shopping goods trip will 
increase. As indicated later, the average trip length increased 15 percent ( 1. 5 min) 
over present-day levels "in one alternative. If the total number of shopping trips is 
considered, this would involve a very considerable increase in time spent on shopping 
trips in the region. So an alternative pattern assumed was evaluated as efficient in 
terms of how close its average trip length was to present-day level. Generally, a 
5 to 7 percent variation from the current average trip length for the region was allowed. 

It must be obvious that the shopping service level to population is measured on a 
gross system level by the average trip length measure and on a subregional level by 
the sales per square foot by transportation district. 
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APPLICATION OF CRITERIA AND 
EVALUATION OF RETAIL POTENTIAL 

The first step in the estimation of retail potential is the development of alternative 
patterns of possible future retail development. 

Development of Alternatives and Estimation 

The development of alternative patterns was basically a trial and error process. 
Initially, it involved allocating the estimated total regional demand for additional 
shopping goods by 1970 and 1980 to specific locations in a few exploratory alternatives. 
The probable sales levels at all centers estimated by the model for such alternatives 
were then evaluated against the stated criteria to provide guidelines for the formulation 
of more realistic alternatives. 

c'-----•-· 
..) 

Figure 6. Universe of potential location for metrotown centers . 
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A prerequisite to the formulation of alternatives is an estimation of future regional 
demand for shopping goods in the region. The projected growth of consumer expendi­
tures on shopping goods in the region for 1962-70 and 1970-80 was treated as potential 
demand and expressed in floor space for the respective time periods ( on the assump­
tion of an average return of $ 55/ sq ft). Based on an analysis of current trends, 78 per­
cent of the regional floor space demand was assumed as nucleated center potential. 

To allocate this estimated regional demand in the form of alternatives, a universe 
of potential locations was specified by the Regional Planning Council (Fig. 6). (Avail­
able land, existing commercial nucleation, general location fixes of previous metrotown 
studies, and disposition to areas of population growth were some of the factors guiding 
the choice of these locations.) Each of these locations was treated as a potential 
candidate for metrotown centers and tested in this study for retail potential. 
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Figure 7. Performance of existing shopping districts, 1963. 
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Initially, two hypotheses-concentration and dispersion-of retail development were 
assumed. In the first alternative, all the growth by 1970 was assumed to take place 
in the inner beltway (identified as 1970 Alt. 1). The second assumption was that most 
of the growth is likely to skip the more densely settled inner beltway and locate in the 
less-developed outer beltway area (1970 Alt. 4). 

The 1970 consumer shopping expenditures were distributed with the model to all 
shopping centers-existing and future-in each of these two alternatives. The sales 
per square foot of shopping centers by transportation districts were computed and 
mapped for both alternatives. Figures 7, 8, and 9 indicate this measure of retail 
service for 1963, 1970 Alt. 1, and 1970 Alt. 4, respectively. 

In 1963, the areas with sales levels of more than $75/sq ft-areas of poor retail 
service-are minimal. The few such pockets are mainly peripheral low-density areas. 
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The main thing to realize is that, except for these few pockets, the system of shopping 
goods centers today provides a good retail service throughout the region. In contrast, 
Figure 8 indicates that the concentration alternative provides a low level of retail 
service for large sections at peripheral regions. It is also indicated in the next section 
that the sales performance of the various centers varied from $30 to $150-an unlikely 
occurrence in the market process. Conversely, in Figure 9 the level of retail service 
in the outer areas of the region is good, but large areas of the densely populated inner 
parts of the region are poorly served. In addition, the average trip lengths for these 
alternates were 11. 8 and 11. 4 min-a 10 percent increase over current levels. 

The major conclusion from this preliminary evaluation was that both these pure 
alternatives are poor descriptions of likely future development. Composite alternatives 
that combine features of both these alternatives were consequently set up for further 
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evaluation. Figure 10 indicates the level of retail service for one such composite 
alternative. As indicated in this figure, the resulting retail service level is a con­
siderable improvement over the results obtained with the two exploratory runs. The 
average trip length also dropped to 11. 0 min. 

Evaluation of Alternatives 

Throughout this study, 25 alternatives (14 for 1970 and 11 for 1980) were set up 
and evaluated. This evaluation is a complex process involving several dimensions of 
interpretation: the relation of size to performance in several alternatives for the 
same center, the sensitivity of a center to competition nearby, the interrelation of all 
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centers in a subregion, and the assessment of subregional levels of retail service by 
alternativP., SpacP. limitations do not permit a detailed description (17) of all the 
evaluations performed; however, the following selected examples willindicate the 
procedures used and the typical findings. 

The basic framework of the evaluation was the subregion. It involves the recognition 
of six overlapping subregional markets. This framework permits the retail centers 
in each subregion to be viewed as serving one market, which is overlapped by service 
of some centers in the adjoining subregion. It must be pointed out that the recognition 
of the subregions is a device of evaluation only and does not affect the sales estimation 
procedures which still assume a market continuum implicit in the use of the model. 
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For each of the six subregions, four graphs-two each for 1970 and 1980--were pre­
pared. For each point of time, the two graphs were (a) comparative success of centers 
in the subregion (Fig. 11), and (b) comparative system performance in the subregion 
(Fig. 12). Both these graphs are plots of sales per square foot vs size of centers for 
selected alternatives. Figure 11 involves connecting the points in all alternatives for 
each center. This shows clearly the relation between size and corresponding per­
formance-a measure of depth of market and effect of nearby competition. Figure 12 
involves connecting the plots of all the centers for each alternative and gives a visual 
measure of the performance range of different centers within the subregion. The very 
wide range of sales per square foot among centers in subregion 1 for alternatives 1 and 
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4 is striking. lf a center such as Odenton could generate only very low sales, it would 
either not be built or it would go out of business. If a center such as Harundale gen­
erated more than $80/sq fl, either its size would be increased or competition close by 
would be generated. The market process is more truly indicated by alternative 12, 
where all the centers have sales ranging from $43 to $65/ sq ft. 

It is of interest to recall that alternatives 1 and 4 were the exploratory alternatives 
providing poor levels of retail service and high values of average trip length. Alternate 
12, on the other hand, provided better retail service and lower trip length. 

Evaluation of a similar nature involving the system efficiencies and the probable 
potential of individual locations was carried out for all locations in all subregions. 
Out of this evaluation emerged two preferred systems of centers. In terms of the 
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TABLE 2 

PROJECTED GROWTH OF SHOPPING GOODS FLOOR SPACE 

1962-1970 1970-1980 Total 

Location Growth(%) 
Million 

1, Million 
% Sq Ft Sq Ft 1962-70 1970-80 

Inner belt 1. 90 50 1. 04 26 66 34 
Outer belt 1. 36 36 2.44 60 38 62 
Satellite comm. 0.54 14 0. 56 14 50 50 

criteria used, clear preference of one pattern over the other could not be established. 
Figure 13 represents one of these systems. 

Retail Growth Patterns and Implications 

The nature of regional commercial growth pattern indicated by the preferred sys­
tem of centers can be described in two forms. 

1. Table 2 provides a statistical summary of commercial growth. The inner belt 
area is the ring around the inner beltway where most of the present suburban nucleated 
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shopping centers are located. The outer belt corresponds to the area around the 
proposed outer beltway and beyond. The satellite communities refer to old established 
peripheral communities such as Westminster, Belair and Annapolis. It is interesting 
to note the shifting of the axis of major growth from the inner belt to the outer belt 
between 1970 and 1980. Up to 1970, the inner belt accounts for half of the total growth, 
whereas the outer belt is expected to get 60 percent of the next decade's growth. The 
satellite communities tend to have a constant rate of growth throughout the time period 
studied, indicating their relative isolation from the wave of metropolitan expansion 
during this period. Put another way, the inner belt is expected to experience two­
thirds of its growth before 1970, whereas the outer belt area will get two-thirds of its 
growth during the following decade. 

2. The patterns of probable retail growth in the belt area have very important sub­
regional variations. Figure 14 sketches the growth variations in different segments 
of the inner beltway area by 1970. 

Three of the existing large commercial nucleations-Towson, Harundale Mall, and 
Westview-have considerable potential growth. One other existing center-East Point­
has more moderate growth potential. In addition, three interstitial centers-White­
marsh I, Arbutus, and Jones Falls area-hold out great possibilities of growth. Two 
existing centers--Governor Plaza and Reisterstown Road Plaza-in this area appear 
to suffer from poor location or slow growth in their markets. 

CONCLUSION 

It may be recalled that this study was prompted by the desire to test out a key com­
ponent-large commercial cores-of the multi-use centers envisaged in the metrotown 
concept. Accordingly, all the locations identified by the Regional Planning Council as 
potential candidates for metrotown centers were evaluated as to their retail potential. 
This evaluation, assuming the continuation of existing trends and policies, identified 
the potential for large-scale retail activity at a number of these locations. In other 
words, under existing policies, market forces seem to point to retail centers of the 
scale envisaged in the metrotown concept. (By 1970, nine commercial centers could 
be cores of metrotown centers, and six more could approach this potential by 1980.) 
This implies that a key component of the metrotown center appears to be consistent 
wi.i.i.1 i.i1t: upt:r~i.i.u11 uI uru~u ~ruwi.11 pru<;,:;::;::;t::<:>. 

The market potential model, though developed in response to a specific planning 
problem, has a more general application. In this study, the continuation of existing 
land and highway policies was assumed and the evaluation criteria were relevant to 
the needs of a "new town" retail core. The model can be equally well applied with 
different assumptions of metropolitan policies and various evaluative criteria related 
to other forms of commercial organization. The estimating procedures are fully com­
puterized and compatible with data being produced by the metropolitan studies under 
way in many American cities. 
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Two Multiple Regression Models of 
Small-Area Population Change 
CHARLES H. GRAVES 

Planning Consultant, Puget Sound Regional Transportation Study, Seattle 

•IN THE last few years increased attention has been given to the development of 
models which explain the spatial distribution of population within an urban region. 
Models have been constructed utilizing multiple r egr ession, linear and nonlinear pro­
gramming, dynamic pi-ogr amming, calculus, and probability theory (1, 2). The im­
petus for this research activity has come largely from improvements i n c omputer 
technology, from regional transportation studies requiring small-area population fore­
casts to carry out travel forecasting procedures, and from community renewal pro­
grams concerned with plans for small areas. A challenge in building models of popu­
lation distribution designed to be applied to travel forecasting comes from the very 
small size of the forecast areas, which typically range from several square blocks 
to a few square miles. A very sensitive model is required to allocate population change 
accurately to such small areas. 

DEVELOPMENT AND TESTING OF MODELS 

This paper describes the development and testing of two linear multiple regression 
models used to explain and to predict the distribution of population change in small 
areas inside the Puget Sound re gion. One model was developed to explain population 
growth and another to explain population decline. The specific objective of the con­
struction of the population models was to discover the relative influence of certain 
factors hypothesized to have influenced the distribution of population change in the 
PugP.t Ronne! rP.gion during the deca de of 1950 to 1960. 

The linear multiple regression model took the form: 

where 

Y = index of population change, 
a = constant (intercept), 

b1, b2, b3 ... = the regression coefficients, and 
Xi, X2, X3 . . . = independent variables hypothesized to have influenced the distribu-

tion of population change. 

Eleven independent variables were hypothesized as determinants of population 
change: (a) accessibil ity to employment, (b) logai:ithm of accessibility to e mployment, 
(c) land availability, (ct) size of land parcels under single ownership, (e) income level 
of resident population, (f) occupation index of resident population, (g) combination of 
income and occupation, (h) age of housing, (i) condition of housing, (j) combination of 
age and condition of housing, and (k) lot size permitted by zoning. 

Area Studied in Model Development 

Population change from 1950 to 1960 was used as the basis for developing the re­
gression models. Census tracts were selected as the basic areal unit, since they 
represent a unit for which considerable data are available from which to measure many 
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of the independent variables, and because they provided the only reliable source of in­
formation for the basic dependent variable, population change between 1950 and 1960. 

Tracts which showed population growth, located primarily outside central cities, 
were studied separately from declining tracts located within the central area of Tacoma 
because it was believed that a separate set of residential location factors operate on 
declining areas compared to growing areas, and because of computational advantages. 
Data were not available for tracts which did not have comparable boundaries in 1950 
and 1960. Therefore, these tracts were excluded from the study. A set of 74 tracts 
exhibiting population growth and 17 tracts of population decline were selected for re­
gression analysis. Figure 1 shows their location. The population change in these 
tracts represented about one-half of the total population change between 1950 and 1960 
in the Puget Sound study area. 

·- -- ----. ' 

- DECLINE MODEL = GROWTH MODEL 

- STUDY AREA 

Figure l. Location of census tract test areas, population model. 



44 

Definition of Variables and Their Logic 

Six varialions of L'ie dependent variable, population change between 1950 and 1960, 
were chosen for study: 

1. Total population change; 
2. Ratio of actual to hypothetical total population change; 
3. Ratio of actual to hypothetical change in number of single-family dwelling units; 
4. Logarithmic transformation of 1; 
5. Logarithmic transformation of 2; and 
6. Logarithmic transformation of 3. 

Variable 1 is a straightforward statement of the dependent variable. Variable 2 is 
the ratio of the actual to hypothetical population change, where the hypothetical change 
is that which would have resulted 1f residential land availability were the only determi­
nant. For example, if a study tract had 10 percent of the additional land available in 
the area studied, then the hypothetical change was assumed to be 10 percent of the total 
population change in the area. An attempt was then made to explain the difference be­
tween the actual and the hypothetical change by regression against independent variables 
other than land availability. Dependent variable 3, the ratio of the actual to a hypo­
thetical change in the number of single-family dwelling units, was tested to see if a 
better model could be built for low-density population than for population as a whole. 
The hypothetical change was analogous to that developed for variable 2. Dependent 
variables 4, 5, and 6 are common logarithmic transformations of variables 1, 2, and 
3. 

The independent variables selected for study were intuitively believed to determine 
the spatial distribution of population. The independent variables were limited to those 
which had an intuitive basis to safeguard against the risk of finding specious correla­
tions. 

The following eleven independent variables were tested: 

1. Accessibility to Employment-Accessibility to employment measures the col­
lective desire on the part of people to locate their residences in relation to employment 
so as to minimize their work trips, and also their desire to minimize transportation 
costs to the whole range of urban activities such as shopping centers and office com­
piexes wiiil:i1 are aiso representeci i:Jy empioymem:. Accessii:Jiiii:y w empioymem: was 
computed over the 1961 highway network to 1961 employment using a gravity-type form­
ula: 

where 

A 

index of accessibility of zone 1 to employment in all other zones, 

number of employees in zone 1, 

travel time (including terminal time) between zones 1 and 2, and 

exponent representing tripmakers' resistance to distance. 

A travel time exponent of 2 was used. Employment data used in the equation were 
derived from 1961 first work trip information collected as a part of the study's origin­
and-destination survey. Travel time was computed over the 1961 highway network. 
The equation produced values representing 1961 accessibility. Independent variables, 
however, must be considered to be operating at the beginning of the study period, in 
this case 1950. Travel time and employment data for 1950 were not available and, 



therefore, it was necessary to assume that 1961 and 1950 values were relatively the 
same. This probably is a reasonable assumption since the pattern of employment in 
the Puget Sound area did not change much between 1950 and 1960, and transportation 
improvements tended to be minor and scattered. 

2. Logarithm of Accessibility to Employment-Accessibility to employment was 
transformed to its common logarithm to replicate Hansen's regression analysis (3). 
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3. Vacant Residential Land Available-Land availability was defined as the additional 
holding capacity of land in 1950. Holding capacity was derived from the measurement of 
the amount of vacant, developable land in 1960. This was defined as vacant land zoned 
for residences or unzoned, less deductions for the areas of excessive slopes, poor 
soils, floodplains, and public ownership. Land area was converted to 1960 holding ca­
pacity using a density factor derived from the density permitted by zoning and data on 
average lot sizes. Holding capacity in 1960 was converted to 1950 capacity by adding 
population change between 1950 and 1960. The logic behind the test of this variable 
is simply that the chance for residential development increases as the amount of avail­
able land increases. 

4. Size of Land Parcels in Single Ownership or Control-This variable was defined 
using land availability as a proxy since it was not feasible to collect actual data about 
ownership sizes from assessors' or other records. 

5, 6, and 7. Income, Occupation, and Their Combinations-An index of income 
and occupation in 1950 was developed from U.S. Census data. The index of median 
income of families and related individuals for each of the census tracts being studied 
was defined as the ratio of the median income of that tract to the median income of 
the Standard Metropolitan Statistical Area. The occupation index was defined as the 
ratio of white-collar workers to all workers. White-collar was defined as professional, 
technical, and kindred workers ; managers, officers, and proprietors; salesworkers; 
and craftsmen, foremen, and kindred workers. It was intended to let income or occu­
pation, or both combined, stand for the relative prestige of the tract. The logic behind 
the test of prestige as a determinant of population distribution is that many people de­
sire to move upward on the prestige scale through the choice of their residential loca­
tion. High-income, white-collar families are particularly mobile and their movement 
may in turn attract other lower income and occupation groups. Thus, prestige areas 
tend to "trigger" new development. Income and occupation indexes were tested sepa­
rately and in combination on the theory that both are components of prestige. 

8, 9, and 10. Age and Condition of Housing and Their Combination-The age of 
housing was defined as the ratio of housing built before 1929 to total units in 1950, using 
1950 census data. Housing condition was defined as the ratio of unsound to total hous­
ing units in 1950. It was expected that these variables would be negatively correlated 
with population growth because the existence of old or unsound housing should have a 
depressing effect on the area's attractiveness for growth, particularly in a period of 
rising incomes. 

11. Average Net Lot Size-This variable was defined as the average net lot size 
for single-family units permitted by zoning. It tests the theory that the market de­
mands smaller lot sizes than generally permitted by zoning. 

Equations Tested and Analysis 

Simple correlation and linear multiple regression analysis were used to select com­
binations of variables which statistically best explained population growth and decline. 
The best combination was defined as the set of independent variables whose simple 
correlations were in the direction hypothesized when regressed against the dependent 
variables, and which maximized the proportion of explained variance , R2, subject to 
satisfactory confidence levels (1 percent or better). An attempt was made to avoid 
testing interlinked independent variables in the same equation. Two series of equations 
were tested, one to explain population growth and another to explain population decline. 

1. Population Growth Model-The number of observations in the population growth 
model was 74. Table 1 gives the simple correlations between all of the variables 
tested. The direction of correlation hypothesized for the independent variables was 
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TABLE I 

P OPULATION GROWTH MODEL: SIMPLE CORRE LATIONS 
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confirmed for the regression of three of the six dependent variables tested. These 
three variables were (a) the actual to the hypothetical total population change, (b) its 
logarithmic transformation, and (c) the logarithmic transformation of the actual to the 
hypothetical change in the number of single-family dwelling units. Table 1 indicates 
that the regression of the remaining three dependent variables produced some simple 
correlations in conflict with the hypothesis, casting doubt on their validity. 
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POPULATION GROWTH MODEL: REPRESENTATIVE COMBINATIONS OF VARIABLES 
ANALYZED BY MULTIPLE REGRESSION 
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The correlations between independent variables are not high enough to indicate sub­
stantial interdependence, except where one variable is a combination of two, as one 
would expect. Factor analysis could be used to test for interdependence. 

Table 2 sets out a few of the combinations of variables analyzed by multiple regres­
sion using a BIMD 06 program ( 4). Table 2 also shows for these equations the coeffi­
cient of determination, R2, and significance level, and for each independent variable 
the proportion of variance explained and significance level. The regression of popula­
tion change and the change in the number of single-family dwelling units, and their 
logarithmic transformations, did not meet the R2 and significance level criteria as well 
as the dependent variable actual to the hypothetical population change and its logarithmic 
transformation. 

Equation 01 was selected as best because it exhibited a high R 2 and satisfactory sig­
nificance level; it contained a larger number of independent variables than its close 
competitors . 

Of the 11 independent variables tested, six were discarded and f ive retained. The 
five variables retained were (a) access to e mployment, (b) income and occupation 
combined, (c) housing condition, (d) lot size, and (e) size of land par cels under single 
control. 

Figures 2 and 3 show the distribution of actual population growth in the selected 
study tracts between 1950 and 1960 vs the growth estimated by the model. The model 
explains approximately 63 percent of the variance in population growth. 

2. Population Decline Model-Seventeen observations were used to construct the 
population decline model. The percent of decline in population between 1950 and 1960 
was the dependent variable . Seven independent variables were tested . These a r e 
the following (with the + and - signs indicating the expected direction of simple correla­
tion): (a) access to e mployment(- ), (b) income level of res ide nt popula tion(- ), (c) 
occupation index of resident population(-), (d) age o.f housing (+), (e) condition of 
housing (+), (f) combination of income and occupation(-) , a nd (g) combination of age 
and condition of housing (+). These variables were defined the same as for the popu­
lation growth model. 

Table 3 gives the simple correlations between all of the variables tested. In the 
population decline model the hypothesized direction of correlation was confirmed ex­
cept for age of housing. This variable was, therefore, eliminated from further anal­
ysis. No substantial interdependence of variables was indicated, although a factor 
analysis was not performed to test for interdependence. 

Table 4 gives the combinations of variables analyzed; the ir coeffic ients of determi­
nation, R 2

; signif icance level; and for each independent variable, the proportion of 
variance explained and the significance level. Eq. 4 appears to be best because of its 
high R2 and satisfactory significa.nce level. 

Figure 3 indicates the distribution of the actual percent of population decline between 
1950 and 1960 vs the decline estimated by the model. About 81 percent of the population 
decline is explained by the model. 

Use of Models to Make Population Distribution Forecasts 

The population growth and the population decline models were used to distribute the 
forecasted 1961 to 1985 study area population change to nearly 600 analysis zones in 
the region. For analysis zones in areas which grew between 1950 and 1960 the follow­
ing steps were taken: 

1. Values for the independent variables were determined for each analysis zone. 
2. These values were substituted into the best equation to give, for each of the 

population growth zones, the logarithm of the r atio of actual to hypothetical growth. 
(Hypothe tical growth was defined as that which would take place if the capacity of 
available residential land were the only determinant . ) 

3. These logarithms were then transformed to numbers and multiplied by the ca­
pacity of the available residential land. This produced a growth index for each zone. 
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1950 TO 1960 
SEATTLE AREA 

I. ~000 

.12000 

Figure 2 . Actual vs estimated change, population models, Seattle area. 

4. The 1961 to 1985 population change control totals by county in the study area 
were distributed to analysis zones by prorating according to the size of the computed 
growth index. 

5. The population distributions to each analysis zone were then checked to assure 
that they did not exceed the holding capacity of the zones. If the distribution had, in 
fact, exceeded the holding capacity, the population excess was removed, the zones 
which were filled to capacity were removed from the group of zones eligible to receive 
population, and the sum of the excesses was redistributed by repeating Step 4. 

The distribution procedure can be stated mathematically as: 



where 

1950 TO 1960 
TACOMA AREA 

g I:::: 
AREAS I 

ACT. EST. 

~ ~:!::,~',";:.,::':~~:,; ~ 

Figure 3, Actual vs estimated change, population models, Tacoma area . 
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P 
1 

population change forecast for zone 1 (subject to a holding capacity restraint), 

Pt total population change forecast for the county, 

R ratio of actual to hypothetical change, and 
AC additional holding capacity of developable residential land. 

For analysis zones in areas of population decline between 1950 and 1960 the follow­
ing steps were taken: 

1. Values of independent variables were determined for each analysis zone. 
2. These values were substituted in the best equation to give for each declining 

zone the percent decline for a 10-yr period. 
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TABLE 3 

POPULATION DECLINE MODEL: SIMPLE CORRELATIONS 

Independent Variables 
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" - .58 -.22 .76 • .02 ., Occupation -> 
+' * e Age of Housing + - .13 .40 - .O'/ - .65 .22 
~ 
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& HousinU' • .63 ,02 . ,59 • ,21 - .46 ,34 
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,'; Combined -.78 - .29 .97 .19 ,90 .04 -, 57 

Age-Condi"tion 
+ ,03 .36 - .21 - .64 .09 ,97 ,51, ~ .10 Combined 

* Not in direction hypothesi7.ed 

3. The percentages were applied to the 1961 base population to produce a set of 
estimates of population decline. The total population decline was not set in advance 
but was aggregated from the results of determining the decline for individual zones. 

EVALUATION OF MULTIPLE REGRESSION MODELS 
AND THEIR APPLICATION TO FORECASTING 

This section sets forth some of the advantages and problems associated with the de­
velopment and use of multiple regression models, and suggests certain avenues of fur-

forecasting procedures. 

TABLE 4 

POPULATION DECLINE MODEL: REPRESENTATIVE COMBINATIONS OF 
VARIABLES ANALYZED BY MULTIPLE REGRESSION 

~o. th #2 #3 #4 #s 
V s p s p s p s p s 

Access NS .00 NS 

Income NS .68 NS .68 NS .78 

Occupation .29 .01 .25 ,01 

Condition o:f 
Housini.;z: .11 .03 .12 .03 .09 .39 .20 .01 .15 

Income-<.'>ccupa-
NS .26 NS tion Combined 

j Population 
X X X X X Decline 

82 .71 .72 .65 .81 .72 

Significance 
.01 .01 .01 ,01 .01 LeveL (Fl 

S • Signif'icance Level ( t Test) 
P • Proportion of Explained Variance 
NS • Not Significant 
X :a Dependent Variable 

p 

.00 

.39 

.32 



Advantages of Use of Multiple Regression Models 

One advantage can be associated with the use of multiple regression to construct 
population models, as follows: 
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The multiple regression models in the simple form described in this paper are an 
operational technique. This quality is important to operating agencies which usually 
must produce work against severe time and budget limitations. The models described 
in this paper utilize, for the most part, efficient package programs available from the 
U.S. Bureau of Public Roads and from the SHARE and BIMD libraries. These package 
programs keep programming costs low. 

The models described in this report share several advantages with some other types 
of land-use models: 

1. Replication or easy updating is possible because all parameters are made ex­
plicit. 

2. Staff personnel from several agencies can work simultaneously on data collec­
tion and model building. Such a joint staff effort encourages effective interagency co­
operation. 

3. The use of a model and associated computer technology lends an aura of sophisti­
cation and correctness to the work, thus facilitating public acceptance of the results. 

4. Perhaps the most important advantage of the model is its capacity for projecting 
population distributions according to novel policy constraints such as those imposed by 
a regional plan. When an assumption is made of a continuation of past trends and 
present policies, forecasts produced by handicraft methods based on intuition and ex­
perience perhaps may be as accurate as those produced by models. However, when 
radical or novel assumptions are made about land use, open space and land-use control 
policies, intuition gained from past experience may not be applicable. When factors, 
such as the holding capacity permitted by zoning and accessibility to employment over 
an assumed transportation network, are made explicit parts of a model, these factors 
can be defined and measured to reflect novel public policies with respect to zoning, 
employment distributions, and transportation networks. For example, the impact of 
a proposed bridge or rapid transit system could be translated into accessibility changes 
which, in turn, could be used to determine the impact of these planned improvements 
on the population and employment distributions. Similarly, a substantial open space 
program affects the additional holding capacity of developable residential land, which 
is one of the independent variables influencing population distributions in the models 
described in this paper. 

Problems with Development of Multiple Regression Models 

Certain problems attended the development of the models: 

1. One problem is the lack of data or difficulty in developing data. For example, 
comparable census data were not available for a substantial portion of the study area 
since it was not tracted by the U.S. Census in 1950. This is likely to be a problem in 
other urban areas. The accessibility computations require the collection of large 
amounts of data about employment distributions and operating characteristics of the 
transportation network which are costly to collect. Regional transportation studies are 
the only organizations which routinely collect this information. 

2. Variables, such as prestige and size of land parcels under single ownership, 
are difficult to define in a way which accurately reflects the variable to be tested and 
at the same time permits ease of measurement. 

3. Certain problems are presented by the use of multiple regression analysis to 
develop models. For example, a linear relationship between dependent and independent 
variables is assumed, there is a danger of interdependence of variables, and the possi­
bility of specious correlations is always present. 
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Areas for Further Research 

Further research may result in improvements in the models described in this paper. 

1. Additional variables should be considered for further tests, such as levels of 
school, sewer, water and gas service; relative tax rates; building code stringency; 
land value; view amenity; distance from nearest built-up area; and percent built up at 
the beginning of the study period. 

Carroll has tested a promising set of variables with data for the central cities of 
Minneapolis and St. Paul (5). The dependent variable is percent population change by 
tract. Independent variables include relative income, percent of dwelling units owner 
occupied, condition of residential structure, percent of male employed persons in the 
professional and managerial groups, percent of persons 0 to 19 yr of age, median age 
uI malei:;, average age of i:;Lruclure, relalive mo11U1ly cu11L1·acl rent, number of persons 
per room, percent of total dwelling units built in the previous decade, acres of vacant 
residential land and percent of total dwelling units which are single family. The re­
sults of this analysis have not been published. Other variables have been tested by 
Chapin and Weiss (6). These include marginal land not in urban use, travel distance 
to the nearest major street, proximity to nonwhite areas, proximity to blighted areas, 
total travel distance to the high-value corner, proximity to mixed uses, distance to 
the nearest playground or recreation area, distance to the nearest convenience shop­
ping area, and residential amenity. All of the foregoing variables warrant investiga­
tion. 

2. The selection of variables would be facilitated by behavioral studies of what 
motivates the location of homes and employment centers. 

3. The systematic mapping of the unexplained variances from regression analysis 
might uncover additional variables which merit testing (7). 

4. Factor analysis should be applied to test for interdependence of variables. 
5. Cross-validation should be performed by randomly selecting one-half of the 

study tracts, constructing a regression equation and predicting the other half, and 
vice versa. 

6. The models should be tested with data from a larger portion of the study area 
for which a forecast is desired. 

7. It might be desirable to build separate models for various parts of the region, 
such as the central city, suburbia, and exurbia. 

8. The equations developed for the Puget Sound region should be tested against 
data from other regions to determine their universality. 

9. Population should be disaggregated by structure type, in a different way than was 
attempted here, or disaggregated by race, income and other factors. 

10. It might be fruitful to experiment with a series of models which explain the mi­
gration of population between small zones inside an urban region rather than dealing 
only with net incremental values. 

Problems in the Application of the Model to Forecasti11g Procedures 

Two problems arise in the application of models to long forecast periods in a single 
step: 

1. Values at the beginning of the forecast period should be used for the independent 
variables but these values can be expected to change over time. The use of a series of 
short forecast periods rather than one long period permits the values of the independent 
variables to be updated. 

2. The relative weights of the independent variables may be changing over time. 
The direction and rate of change might be estimated by regressing a set of independent 
variables against population change for a series of time periods in the past. For ex­
ample, equations could be constructed to explain population change for 1930 to 1940, 
1940 to 1950, and 1950 to 1960. Such an analysis would require historical data which 
would be costly, difficult, or even impossible to collect. 
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SUMMARY 

This paper has reported the results of research to build two multiple regression 
models of small-area population change using data from the Puget Sound area. Although 
the statistical measures of the sensitivity of the models are not very impressive, they 
produced 1985 forecasts which appeared very good when reviewed by professional plan­
ners and engineers familiar with the area's population growth. 

A significant advantage in the use of multiple regression as a technique is that it is 
operational. Another significant advantage of the Puget Sound model, shared by some 
other models, is its ability to estimate the effect on population distribution of radical 
or novel land-use and transportation policies. 

Finally, there are good prospects for improving the model by carrying out further 
research along the lines suggested in this paper. 
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Opportunity-Accessibility Model for Allocating 
Regional Growth 
GEORGE T. LATHROP, JOHN R. HAMBURG, and G. FREDERICK YOUNG 

New York State Department of Public Works 

•SYSTEMATIC and compnihP.nsivP. t.ransporh,tinn plannine; has come to depend more 
and more on objective techniques involving the use of high-speed computers to deal 
with problems of data processing, data analysis, traffic simulation, and network 
evaluation. The selection and design of multimillion dollar transportation plans de­
pend on the simultaneous evaluation of many diverse factors including traffic volumes, 
operating costs, construction costs, land costs, accident characteristics, and travel 
costs of thousands of transportation links and population numbering up to and beyond 
the millions. Subjective evaluations and intuitive speculations have come to play a 
much smaller role in planning transportation systems. 

This trend is also apparent in city and regional planning. Although it is clear that 
design and aesthetic characteristics have a tremendously important role to play in 
planning cities of the future, it is also equally clear that the analysis and manipulation 
of the massive details that make up a functioning city of a million inhabitants require 
computer technology. Nowhere is this more apparent than in the estimation of the 
land and transportation requirements for a metropolitan region at a point in time of 
20 to 25 years in the future. 

The development of the model described in this paper is based on an attempt to 
bring into an objective framework methods and concepts which have been common­
place in planning for several years, but whose applications have most often been sub­
jective and have defied replication by other professionals. The notions of holding 
capacity, access, density, etc., are not new. The manual application of these 
concepts by small geographic a1·eas has been too often a subj ective and, at times, an 
irrational process. 

The reader is cautioned that there are both empirical and theoretical shortcomings 
in the model as it now exists. The model, however, does incorporate some of the 
more significant factors thought to be associated with the growth and functioning of 
urban regions into a flexible program which produces spatial arrangements corre­
sponding quite closely to observed patterns. To the extent that it simulates urban 
growth, the model is extremely useful in providing the measured statements necessary 
to the planning of transportation facilities. 

The model has been developed and is being tested by the Subdivision of Transpor­
tation Planning and Programming group. Its purpose is to allocate future estimates 
of activities (expressed in this instance in the form of trip destinations) to small 
geographic areas (travel analysis zones). This geographic allocation, in turn, is the 
input to the traffic assignment model which is used in the testing, evaluation, and 
design of alternative systems of transportation facilities. 

The model leans heavily on the work of Schneider in trip distribution. Previous 
work in land-use models has also been of immeasurable value in design and develop­
ment. The number of sources and references is too great to allow individual acknowl­
edgment; however, some should be mentioned. Excellent reviews of literature and 
current thought in land-use modeling are contained in a special issue of the Journal 
or t he Am erican Institut e or Planners, edited by Voorhees (1) (and particularly in his 
introductory report) a nd a lso in an a rticle by Chapin (2). The recent report on current 
land-use models prepared by the Traffic Research Corp. for the Boston Regional 

Paper sponsored by Committee on Land Use Evaluat i on . 
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Planning Project also provides coverage of work in progress at the time of its issue. 
More recently, the following significant seminars pertinent to the subject have been 
conducted: Seminar on Models of Land Use Development at the Institute for Urban 
Studies, University of Pennsylvania, Oct. 22-24, 1964; the Second Annual Conference 
on Urban Planning Information Systems and Programs, the Institute of Local Govern­
ment and the Knowledge Availability Systems Center, the University of Pittsburgh, 
Sept. 24-26, 1964; and the meeting of the Committee on Land Use Evaluation of HRB, 
Nov. 23, 1964. 

Although the authors are grateful for the contributions others have made, they 
accept full responsibility for any of the model's theoretical and practical shortcomings. 

CONCEPT OF THE MODEL 

The model is an opportunity model. In essence, the spatial distribution of an 
activity is viewed as the successive evaluation of alternative opportunities for sites 
which are rank ordered in time from an urban center. Opportunities are defined as 
the product of available land and density of activity (units of activity per unit area 
of land): 

where 

A· 1 
l 
0 

amount of activity to be allocated to zone j, 
aggregate amount of activity to be allocated, 
probability of a unit of activity being sited at a given opportunity, 
opportunities for siting a unit of activity rank ordered by access value and 
preceding zone j, and 
opportunities in zone j. 

Clearly, the use of the negative exponential formulation following an access search 
across an opportunity surface presumes that the settlement rate per unit of opportunity 
is highest at the point of maximum access or, most usually, the center of a region. 
This presumption is elementary and agrees well with both empirical observations and 
the bulk of the theory dealing with the economics of land use. 

An example of the empirical relationship was observed in the Niagara Frontier. 
Figures 1 and 2 illustrate the regularity of the relationship between activity and 
opportunities for siting that activity when arranged in access (minimum time path 
value) order. These curves translated to the probability statement form the basis for 
the model. 

Notion of Opportunities 

The concept of an opportunity for siting a unit of activity involves both land and a 
measure of the intensity of use of that land. Land-use intensity or density has been 
treated as an equilibrium of the price of land and transport costs. 

An historical analysis of density must consider changing transportation costs, 
changing building costs with particular emphasis on the costs of first floor area vs 
multistoried floor area, and changing requirements or preferences for location among 
competing activities. In addition to the difficulties that these considerations impose, 
there is the problem of structural rigidity of the physical region in terms of buildings 
and transportation facilities. These represent substantial investments which change 
only slowly. 

Largely because of the difficulties involved in simulating the intensity of land use, 
we have chosen to utilize the present density as an appropriate measure· which is 
independently introduced into the model. This independence allows the use of alter­
native densities whether analytically derived, guessed, or planned. We would natu­
rally prefer to have these values generated with the model utilizing an algorithm which 
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would simulate the competitive processes that establish land-use intensity. This 
remains as an area to be resolved in future work on the model. 

Notion of Probability of Siting 

The parameter l is the probability that a unit of activity will settle or be sited at a 
unit opportunity. For a given surface of opportunities, the larger this value, the more 
tightly packed the region will be. The smaller the value of l, the more scattered or 
sprawling the settlement pattern will be. Thus, it is a measure which describes, 
within the constraint of the density-land opportunity surface, the relative importance 
of central positioning within the region. 

The model distributes growth increments across an opportunity surface which has 
been rank ordered by time path value to the center. After each increment of growth 
is allocated, the available land is reduced by the land required to site the increment 
of activity, the opportunity surface is decreased, and the activity inventory by zone is 
updated. Ignoring for the moment competing activities, the use of an l with large 
values would tend to settle each unit of activity at the first opportunity encountered. 
Thus, growth would simply be a process of completely using land in ever-increasing 
bands of access from the center. Very small values oft, on the other hand, would 
tend to scatter activity across the region. Although the center would still dominate 
and act as a center, the pattern of settlement would be very sparse. As t approaches 
zero, the notion of a region simply disappears. 

There appears to be some general historical correspondence to a decreasing t, 
presumably as a result of changes in the transportation technology (especially the 
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widespread use of the automobile. Thus, the transition from rural to urban was more 
abrupt in earlier cities. Land in a given time ring tended to be substantially used up 
before successive time rings would be settled. Currently, the demarcation is typi­
cally in a broad band which may be several miles in width. 

An analysis of the Chicago population settlement pattern reveals a lessening of the 
slope of land saturation at increasing distances from the Loop through time . 
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Figure 3 shows a simulation of the growth of the Niagara Frontier region produced 
with a prototype of the present model. The decreasing concentration of activity is 
apparent in these allocations which are quite similar to the growth which actually 
occurred in the region. 

Notion of Access 

The obvious impact of transport costs on the development of a region has long been 
recognized. The inclusion of some measure of accessibility into any model proposed 
to simulate present growth or estimate future growth is imperative. However, the 
form and weight that access should have in the model are not so obvious; in fact, this 
is the major area which requires clarification. 

We have started from a simplified notion that growth begins at a center and pro­
ceeds outward. The supply or surface of opportunities for growth will be examined in 
order of the travel time required to reach any location on that surface. This concept 
is neither new nor especially unique. 

In experimenting with our model prototype, we found that the settlement pattern 
was very sensitive to the transportation facilities. Figure 4A shows a settlement 
pattern which might hypothetically have resulted with a transportation system composed 
of five high-speed facilities radiating out from the center. This pattern has been 
noted in real cities and is especially conspicuous in the stellate pattern of Chicago 
which is superimposed on the radial commuter lines. 

We have tried other hypothetical networks and found reassuring patterns. For 
example, a simple grid of facilities with equal speeds gives a square settlement pat­
tern rotated 45° with respect to the grid (Fig. 4B). If the central X and Y dimension 
facilities have a speed advantage over the other facilities, the sides of the square are 
pulled in, and the settlement pattern approaches the shape of a four-pronged starfish 
(Fig. 4C). Some of our midwestern plains cites do, in fact, correspond to just this 
pattern or are first cousins thereof. 

If only a single facility has the high-speed characteristic, the linear form of the 
city emerges. This is common to cities which fall in a valley with the main street 
running parallel to the ridges. Here, of course, the topography itself (in the form of 
the opportunity surface) tends to reinforce the linear form of this settlement pattern 
(Fig. 4D). 

The notion of access, developed here, should not be confused with the accessibility 
notion wherein a given location is related to all other locations by the sum of the 
quotients formed by each location's activity divided by its time or distance to the given 
zone raised to some power. This gravity or propensity for interaction notion of access 
is a distinctly different measure. We have included an option for calculating this 
measure within our model. To date, we have not compared the results of using this 
alternative measure of access. 

The major point we wish to make here is that by borrowing the minimum path 
capabilities of the existing assignment packages, we can order the opportunity surface 
by a much more refined measure than air line distance to the CBD. Thus, within the 
limitations of our allocation algorithm, we can incorporate the effects which specific 
transportation improvements would have on the settlement pattern. We are then in a 
much better position to handle the knotty question of feedback between land use and the 
transportation system. 

MODEL AS AN AID IN EVALUATING LAND- USE POLICY 

The foregoing description of the model illustrates its utility as a basis for fore­
casting the future distribution of people and trip-making. It is not necessary, however, 
to so limit its use. The model can be used to examine the regional growth that might 
occur given certain policies with respect to land development. Two examples will be 
given, although many more are possible. 
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Density Controls 

The density or intensity of the use of land is fundamental to the structure of urban 
regions. The contrast between New York City and Los Angeles is the usual example 
of density extremes that have arisen historically in different regions. This range of 
densities, though not as extreme, can be found even without leaving a given urban 
region. The density of population in the center of Buffalo is 93, 250 persons/sq mi of 
net residential land in contrast to the 10, 000 persons/sq mi of net residential land 
found in the suburbs. 

Sidestepping the issue of whether high densities are good or bad (and we find city 
planners on both sides of this question) and also avoiding the question of the extent to 
which planners can effectively control densities, we can use the model to examine the 
development which might occur with a prescribed density surface as opposed to an 
extrapolation of present densities. 

The two most significant effects that the imposition of these controls might have 
would be in the shape or pattern of urban settlement and the amount of land which 
would be required to accommodate new growth. Figure 5A shows the settlement 
pattern resulting from a hypothetical density surface which is significantly lower than 
the present pattern of densities in the central cities of Buffalo and Niagara Falls. 
This spread pattern should be contrasted with Figure 5C which represents a model run 
with all parameters equal to those used to obtain Figure 5A, except that the density 
surface imposed is one of relatively high densities (about double present densities) in 
the central cities of Buffalo and Niagara Falls. Figure 5B shows the resultant pattern 
obtained by extrapolating present densities. Obviously, a much more compact devel­
opment occurs with the higher than with the lower densities. Whether such density 
modifications are good or even possible will depend on many factors peculiar to a 
given region. The model, however, does give a visual representation of the potential 
settlement representative of these alternatives. Also, densities might be varied in 
other systematic ways to test or represent specific policies. 

In addition, and perhaps of equal importance, we can obtain a measure of the 
impact of densities on land use from these alternatives. The total land going into 
urban use as a result of growth at the lower density scale is 186 sq mi, or 28. 6 sq mi 
of developed land per 100, 000 people. 

The higher density surface required 163 sq mi of land to accommodate the same 
population growth. This means that 25. 1 sq mi of urban land are required for each 
additional 100, 000 population added to the area. This compares with land requirements 
of about 21 sq mi per 100, 000 population that have been required or expected in regions 
such as Chicago and Pittsburgh. 

Open Space Controls 

Another policy often considered in the shaping of the urban settlement pattern is 
the use of controlled open space. Without entering the discussion of feasibility, we can 
enter an open space plan into the model as a separate input, zone by zone. We can then 
see our resultant hypothetical settlement pattern. This may be used in conjunction 
with density controls or completely independent of them. Again, however, we are able 
to obtain a rapid, visual picture of the region just as though we had done a broad stroke 
sketch plan. The difference, however, is that we also provide a measured statement 
of how many people and trips will be located in each zone of the region. Thus quanti­
fied, the settlement can be converted into loads on the transportation network which 
is proposed, and the resulting transportation costs, including transportation facility 
construction as well as travel, can be used to evaluate the transportation plan. Even­
tually, of course, one would wish to cost out land development as well as transporta­
tion to evaluate alternative plans. 

Incorporation of Plans Into Model 

It should be clear that the use of the model is not restricted to forecasts alone. 
Specific plans for redevelopment, shopping centers, the central business district, 
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TABLE 1 

PERCENT OF TOTAL REGIONAL POPULATION ALLOCATED OVER 
ALTERNATIVE NETWORKS 

District 
Network A Network B 

District Network A Network B 
Minimal Extensive Minimal Extensive 

00 0. 61 0.61 50 0.87 1. 44 
10 8.84 8.84 51 4.41 4. 77 
20 2.05 2.05 52 2. 72 2.23 
21 2.24 2.24 53 3. 15 3.21 
22 4. 13 4. 13 64 1. 63 1. 01 
23 2.11 2. 12 55 1. 94 1. 71 
24 2.58 2. 57 60 6.65 7.01 
25 0.57 o. 57 61 3.03 3. 60 
30 1. 88 1. 88 62 2.25 1. 30 
31 4.46 4.45 63 1. 85 1. 92 
32 4.34 4.34 64 1. 68 2.36 
33 1. 57 1. 55 65 2. 17 1. 85 
34 2. 57 2. 58 66 0.95 0.78 
35 1. 69 1. 65 70 1. 81 1. 71 
40 1. 20 1. 38 71 5.85 5.72 
41 3.59 3.87 72 1. 44 1. 18 
42 2.89 2.80 73 1. 37 1. 50 
43 1.09 1. 07 74 0.42 0.77 
44 1. 83 1. 79 75 1. 81 1. 71 
45 1. 38 1. 30 76 2. 18 1. 53 

open space, density controls, and highways can be entered into the model. Such plans 
are considered as givens, and the model then estimates the population and travel 
distributions which would accompany these plans. As an example of the variation in 
allocations which result from different network plans, Table 1 gives percentage of 
population by analysis district following allocation over two alternative networks. 
The access levels of the two networks are shown by the travel time contours in Fig­
ure 4. Network A represents a minimal network with about 120 mi of expressways, 
whereas Network B has more than 400 mi. 

CRITERIA FOR MODEL DESIGN 

During the actual design and development of the model, an explicit list of criteria 
evolved from considerations implicit in the day-to-day work of assembling the model: 

1. The model should be based on some theoretical statement of the mechanisms of 
land development. Although it need not simulate individual decisions within the 
land market, it should give results which correspond to the real world. 

2. The model should be incremental and recursive. Ideally, data on past land 
use and transportation systems should be used to simulate the present development 
pattern. Lacking this ability, increments of growth should be layered on the present 
structure. 

3. The model should be relatively simple. A finite number of land uses and a 
minimum number of subsets of households should be required to minimize data ac­
quisition and handling difficulties. 

4. Ideally, the calculation of activity density should be endogenous to the model. 
Failing this, the model should readily accept exogenous densities. 
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5. The model should accept alternative measures or indices of access. This 
provides the required flexibility should one measure be particularly appropriate to a 
given activity type and a different measure of access be best suited to other activity 
types. 

6. The model should be able to accept data from redevelopment, urban renewal, or 
new-town plans. This might be done as a preliminary updating (internal to the model) 
of the land use and activity base or within the main frame of the model. 

7. The model should be capable of being calibrated. For example, it should be 
possible to simulate past growth, or at least calibrate the model parameters using the 
present structure. 

8. Provision for sensitivity analysis should be considered in the design of the 
model. It is vital to be able to evaluate the effect of unit changes in a given parameter 
on all facctc of the aJlocution produced by the model. 

9. The output of the model should permit easy and rapid comprehension of alloca­
tion results with particular emphasis on a simple graphic description of settlement 
patterns. This graphic output is particularly i-.1portant to the comprehension and 
evaluation of alternative model inputs. Tabular outputs which can be used in calibra­
tion, sensitivity analysis, and allocation evaluation are also an obvious requirement. 

10. Output from the model should be directly usable in existing traffic assignment 
procedures to minimize the difficulty and time involved in applying the results of the 
operation of the model. 

Operation Description 

A simplified flow diagram illustrating the inputs and operation sequence is shown 
in Figure 7. Actual operation of the model is initiated by providing seven sets of 
data describing the conditions in each zone at the beginning point in time. These are 
vacant land, nonresidential land, residential land, nontrip-generating land, nonresi­
dential trips, residential trips, and population. 

Vacant land is partitioned into two categories: available for development, and 
permanently withheld (the latter considered to be an irreducible minimum on the 
order of 10 percent). The opportunities for an increase in activity in each zone are 
then calculated by applying internally calculated (or previously supplied) activity 
densities to the vacant available land. The estimate of growth in the activity is then 
allocated across the opportunity surface from one or more regional centers. Oppor­
tunities are considered in the order established by the particular accessibility meas­
ure being used. The opportunity surface is updated, summary tables are revised, and 
the decreased opportunity surface is reconverted to vacant available land. Allocation 
of a second activity follows in a similar manner. 

After all activities for a given time increment have been allocated, the model re­
peats the entire procedure beginning with the first activity for the next increment. A 
simultaneous allocation of population is made, independent of the allocation of other 
activities, to help to maintain perspective and to provide a population growth alloca­
tion for subareas of the region. 

The population allocation is made in a similar manner with an opportunity surface 
described as a function of (a) the proportion of used and vacant land, (b) the population 
density, and (c) externally provided limiting values for these proportions and densities. 
Accounts of th e change in the number of opportunities available are again maintained 
along with estimates of the used land and vacant available land. 

Currently the output of the model consists of a series of tables reporting the input 
values, the opportunity surfaces and the allocation for each activity and each center, 
the final totals for each activity, and the remaining opportunities. In the present 
application, an estimate of future trip ends directly useful in the current version of 
the Chicago or Schneider assignment and trip distribution model is produced, as well 
as an input to a mapping program used to produce graphic output for analysis and 
display. 
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Preliminary allocations for the Niagara Frontier region have been made in about 
6 min using a minimum time path value tree to measure accessibility, three regional 
subcenters, and two increments of growth. 

Alternatives Available in Model 

The model has several intentional points of flexibility within the basic operation 
sequence. Input data may be varied to simulate almost any situation of land use and 
activity density. Plans for both land use and transportation networks may be incor­
porated by stating amounts of different classes of land at the outset, by establishing 
trip density values to meet some predetermined level, and by providing minimum 
travel time trees from various networks. Alternative bas e data may also be sub­
stituted at the start of any increment. 

The order of consideration of the zones may be altered by factoring any accessi­
bility measure by an exogenously provided multiplier. The model also will consider 
the region as completely undeveloped, permitting allocation from a zero condition 
rather than incrementing the existing trips or popu~ation. 

SUMMARY 

In this brief paper we have given a general description of an allocation model which 
is largely based on access to a regional center or set of regional subcenters. Current­
ly, variables other than access can be introduced by modifying the rank order of 
opportunities. 

Q.:talitative examination of hypothetical results provides pe rsuasive evidence that 
the settlement pattern has historically responded to access as we have measured it. 
Q.:tantitati ve verification and calibration is difficult because of the lack of historical 
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data on land use and transportation networks. We are attempting, however, to mea­
sure the extent to which population growth since 1940 can be explained by use of the 
model. This requires the assumption that net activity densities have remained fairly 
constant in this period. 

We are not satisfied with the use of external independent estimates of activity 
density. Eventually, these densities must be made endogenous to the model. 

The operating speed and output flexibility of the model are a great advantage in 
research. We are quite interested in evaluating the extent of variation in growth 
attributable to other variables or to different statements of access. In this sense, 
we consider the model an experimental technique which will allow us to measure 
further and, hopefully, come to a better understanding of the urban growth process. 



Linear Programming Test of Journey-to-Work 
Minimization 

JOHN R. HAMBURG, CHARLES R. GUINN, and GEORGE T. LATHROP, New York 
State Department of Public Works; and, 

GEORGE C. HEMMENS, Joint Center for Urban Studies of Massachusetts Institute of 
Technology and Harvard University 

•THE TRANSPORTATION planner, as well as the city planner, is concerned with the 
spatial arrangement of activities within an urban region. The transportation planner 
looks for an understanding of the different arrays of human activity in order to plan a 
transportation system which will serve the region most efficiently. The city planner 
seeks to achieve a better arrangement of these activities in order to maximize the 
benefits accruing to urban living. 

Since residential land comprises the bulk of urban development and is the base 
on which the bulk of urban travel is organized, residential location is a major concern 
of analysis of urban spatial patterns. Residential location in turn is thought to be in­
fluenced most heavily by the location of workplaces and by the length of the journey­
to-work. It has generally been assumed-implicitly and frequently explicitly-that 
workers are not indifferent to the length of the work trip. The usual hypothesis is that 
persons attempt to minimize their journey-to-work in selecting among potential resi­
dences subject to a variety of other influences such as income, residential amenity, 
auto ownership, family characteristics, and personal preferences. There can be 
little doubt that the journey-to-work influences residential location. The principal 
question, which has not been adequately answered, is the degree of influence. To what 
extent does the journey-to-work influence residential location, and to what extent is 
journey-to-work travel traded off against other factors? One approach to understand­
ing the magnitude of the influence of the work trip on the residential location decision 
is to compare the actual travel time involved in the journey-to-work with some ex­
pression of what the travel time might be under some ideal condition. This paper 
discusses a method by which the sensitivity to travel time can be measured. Called 
an index of indifference, it attempts to measure the extent to which the linkages among 
urban space activities (in this case, places of residences and places of work) are in­
different to time. Specific application is made to the journey-to-work in the Buffalo, 
N. Y. area. 

THE MEASURES 

Several measures are already available by which to study spatial distributions. 
These vary from simple average travel times and distances to sophisticated measures 
of accessibility and of minima or maxima. Many of these measures are absolute, 
which, while useful, do not permit comparisons between different activities; that is, 
they do not standardize for basic differences in geographic distribution. The access 
measures of time (involving an exponential treatment) are difficult to interpret and to 
relate to alternative measures such as minima or maxima. Minimum measures tend 
to be hypothetical unless related in some way to actual or other hypothetical measures. 
What is needed is a measure that relates actual linkages to the linkages which would 
result if time within the region meant nothing and if time meant everything, e. g. , as 
if a travel czar decreed that overall travel be minimized. 

Paper sponsored by Committee on Land Use Evaluation , 
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Notion of Probable Interchanges 

The most probable set of interchanges which would occur if travel were irrele­
vant to location would be a simple proportional distribution as shown by the following 
formula: 

(1) 

where Lij is the linkage between activity A located in zone i and activity B located in 
zone j. This particular measure has been used as a base against which to compare 
actual linkages, particularly in the gravity approach to linkages. For example, the 
gravity model can be expressed as: 

where 
K = constant of proportionality, 

-x 
K Ai Bj Tij 

~Bj 

Tij = travel time belween zones i and j, and 
x = empirically derived constant reflecting friction of space. 

(2) 

This formula is identical with Eq. 1 if x = 0 and k = 1. This is the distribution which 
we would obtain if the friction of space measured in time units were zero. The expo­
nent in a gravity model can be measured by the rate of change of the ratio of the 
actual linkage to the probable linkage per rate of change of travel time. This exponent, 
though useful as a measure of propensity for interaction, says nothing about the mini­
mization of time for a set of linkages. Presumably, there is some exponent which 
would give the same average time as the average time for the minimum case. It 
probably would not satisfy the criterion that all linkages be made between the two 
activity types. As the exponent is further decreased (moving toward negative infinity), 
serious system inbalances occur and absurdity is the result. 

Notion of Minimum Time Linkage 

This notion states that linkages between two activity types can be rearranged in 
such a way that the travel time represented by the linkages is the minimum possible. 
This is a system minimum rather than a series of individual minima. 

The notion also assumes that there is equal substitutability within the activities 
involved. For example, if work places and worker residences are the two activities, 
it is assumed that one job is as attractive as another and that all residences are 
equally attractive. The defects in this assumption are mitigated by the use of strata 
or classes within the activity types. It is presumed that the classes are homogeneous 
and that within classes equal substitutability exists. 

Notion of Actual Travel Time 

The actual travel time is the travel time required by the linkages as they actu­
ally occur in the real world. Origin and destination studies are specifically designed 
to inventory linkages. When these linkage sets are assigned to a transportation net­
work and the travel times are recorded, we obtain the aggregate actual travel time. 
This time does not include terminal time, that is, the time spent walking to and from 
the vehicle Or waiting for a transit vehicle. Since the travel time for all three cases­
minimum, probable, and actual-are calculated across the same network, the exclu­
sion of this time seems justified. 



Calculating Measure 

Given the three sets of linkages and the travel time required for each set, the 
index follows: 
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(3) 

where 
Ii = index of indifference, 

TM = minimum travel time for linkages, 
TA = actual travel time for linkages, and 
Tp = probable travel time for linkages. 

Thus, we have a measure which relates actual travel linkages to the range of travel 
time defined by a set of linkages in which travel time is irrelevant and a set of link­
ages resulting when aggregate travel time is minimized. 

An index of indifference equal to zero is achieved when the linkages between the 
two activities are so formed that the travel time represented by this set of linkages 
would be exceeded by the travel time formed by all other possible sets of linkages. 
When the index of indifference is equal to one, the linkages are those which would 
result if time within a region was irrelevant to the location of activities. The index is 
thus based on the relation of actual linkages to two hypothetical sets of linkages: (a) a 
probable distribution where time has no bearing and (b) a minimum distribution where 
the time represented by the linkages is minimized. 

JOURNEY-TO-WORK APPLICATION 

In this residential location study, the journey-to-work, or more specifically the 
work-home linkage, is defined as the factored total of the first reported work trip by 
each resident of each dwelling unit sampled in the Niagara Frontier home-interview 
survey. The data set was then stratified into white and nonwhite workers to isolate 
the probable irrational influence of the segregated real estate market on residential 
location. 

The white data set was further stratified into three sets according to reported 
income class. This partitioning was done to determine whether indifference to the 
journey-to-work time varied by income class. The three income classes are: (a) those 
whose annual salary is less that $5 , 000; (b) those whose salary is greater than $4, 999 
but less than $ 8, 000; and (c) those whose salary is $ 8, 000 or greater. 

A second stratification of the basic data was made to study the effect of auto avail­
ability on the journey-to-work time indifference. Both the white and nonwhite sets 
were partitioned based on whether or not the journey-to-work traveler was an auto 
driver. Thus, four sets were created (white drivers, white nondrivers, nonwhite 
drivers, and nonwhite nondrivers) for which time indifference was measured using the 
indifference index. 

The reported work and home locations of each linkage in each set were coded to 
435 geographic zones used for analysis and reference. The travel time between each 
zone and all other zones was obtained from a file of minimum path trees created by an 
assignment of present trips to the present network. The times were adjusted system­
atically to reflect volume. 

To illustrate the variation in the distribution of income classes across the 
region, Figures 1 through 6 show the home locations and workplaces of the classes 
into which the population was divided. The relative concentrations among the higher 
and lower income groups are noticeable and support the common assumption of great 
selective ability among the former group and restricted opportunities for the latter. 

Determining Indifference Index 

The actual calculation of the indifference index is dependent on knowledge of 
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three points on the continuum representing the extent of indifference: complete indif­
ference, absolute system minimization, and the world as it exists. 

Complete substitutability of homes was assumed within each set. That is, when 
calculations were made for a specific set, all homes were considered to be equally 
acceptable to all workers. 

The real-world value was obtainable quite simply by summarizing the travel 
times for the defined journey-to-work trip file. Stated mathematically: 

where 

m n 
T =LL aij ~-

. 1 . 1 J l= ]= 

T = total travel time, 
aij = tx-a•vel tim e from zone i to zone j, 
Xij = trips from zone i to zone j, 

m = number of work zones, and 
n = number of residence zones. 

(4) 

Complete indifference was simulated by allocating workers to homes on a proportional 
basis. Total travel time, T, was as above, but interchanges were redefined as: 

where 
Xij = trips from zone i to zone j, 

Ji = workplaces in zone i, 
Hj = homes in zone j, and 

n = number of home zones. 

(5) 

Absolute system minimization was obtained using a form of linear programming 
commonly known as the transportation problem. The solution to the transportation 
problem allocates linkages between supply points and demand points in a manner that 
minimizes the total cost of the linkage. This technique requires that the total number 
of supplies and demands be equal and that all supplies and demands be used (Eq. 4), so 
that: 

n 
L xij Ji 
j=l 

and 

m 
~ Xij = Hj 
i=l 

with all terms as previously defined. 
The supplies and demands in the journey-to-work study were, respectively, 

workers at place of work and homes. Therefore, the transportation problem solution 
was an allocation of workers to homes which minimized the total travel time. 

The data processing required to determine the points for each indifference index 
for the real world and the complete indifference points were performed on the Studies' 
own computer installation, an IBM 1401, using locally written programs. Each min-
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imization was performed with a modified version of the Dennis Transportation Code, 
as distributed by SHARE for use on an IBM 7090/94. 

JOURNEY-TO-WORK RESULTS 

Table 1 gives the results of the analysis of journey-to-work by income class. 
The index of indifference ranges from 0. 39 to 0. 63 for the income classes and is 0. 39 
for all classes. This indicates that persons are not indifferent to travel time, but it 
does not demonstrate that they minimize aggregate travel time. Since an index value 
of 0. 5 is midway from complete minimization to complete indifference to travel time, 
the results suggest that minimization is a potent influence. 

This conclusion is reinforced by consideration of the nature of the travel min­
imizing linkage set. Like any ideal construct, the time minimization linkages are 
quite unrealistic. The mathematical solution is such that workers in each zone select 
residences on the average in only two of the 435 zones. Actually, workers in each 
zone are linked with residences in a sizable percentage of all zones. By contrast, the 
proportional allocation which links workers in each zone with residences in every zone 
is a much better representation of actual linkage patterns. The results also show that 
indifference to travel time increases with income. This is as expected. 

Table 1 also gives the results of the analysis by race and auto availability clas­
sifications. The index of indifference is relatively stable for white drivers, white 
nondrivers, and nonwhite drivers and the value of the index approximates the previous 
average. However, nonwhite nondrivers are shown to be relatively indifferent to 
travel time. 

The stratification by race was made originally because it was presumed that the 
effective location markets were different. This notion can be tested by examining the 
range between the travel time required for the minimum linkages and for the probable 
linkages. If either or both the distribution of workplaces and places of residence is 
constricted, the range will be relatively narrow. In the extreme case, if all residen­
tial opportunities were limited to one zone, the travel time required by the minimum 

TABLE 1 

JOURNEY-TO-WORK ANALYSIS 

Total Travel Time (hr) Avg. Travel Time (min) 
Indif-

Class 
No. ference 

Workers Indif- Actual Minimum lndH- Actual Minimum Index 
ference ference 

(a) lncomea 

1 51, 242 21,820.9 9, 973. 8 3,223.0 25. 5 11. 7 3. 8 0.36 
2 108,696 50,806.6 25, 358. 0 9,059.3 28. 0 14. 0 5. 0 0.39 
3 92, 750 32,595.4 24,498. 8 10, 709. 1 21. 1 15. 8 6. g 0. 63 

Total 252,688 117,379.4 59,830.6 22,411.0 27. 9 14.2 5. 3 o. 39 

(b) Race and Auto Availability 

White 
driver 247, 099 87, 140. 2 45, 827. 9 18,954.9 21. 1 11. 1 4. 6 0. 39 

White 
nondriver 45, 536 12, 846. 1 6,625.8 2,545.6 16. 9 8. 7 3. 3 o. 40 

Nonwhite 
driver 10,616 2, 565. 2 1, 839. 1 1,341.0 14. 4 10. 3 7. 6 0. 41 

Nonwhite 
nondriver 6,919 3, 254. 7 1, 716. 9 755. 6 11. 8 9. 1 6. 6 o. 65 

(c) Sampled and Factored Linkages 

Sample 9,236 3, 254. 7 1, 716. 9 715. 9 it.I 11. 1 4.'8 0.394 
Factor 247,099 87, 140. 2 45, 827. 9 18, 954. 9 21. l 11. 1 4. 6 0. 394 

aDoes not include samples with nonreported income . 
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linkages would equal that required by the probable linkages. A dispersion index con­
structed as the ratio of the difference between probable linkage travel time and min­
imum linkage travel time to probable linkage travel time measures this influence. If 
dispersion is small (minimum and probable times are equal) the ratio approaches zero. 
As dispersion becomes large the ratio approaches one. The dispersion values are 
0. 78 for white drivers, 0. 81 for white nondrivers, 0. 47 for nonwhite drivers, and 0. 44 
for nonwhite nondrivers. The differences between the white and nonwhite values are 
sufficiently large to support the assumption of difference in the dispersion of spatial 
opportunities of the two groups. 

The possible influence of auto availability is less clear. It makes no significant 
difference among the white group. However, it appears to make a great deal of dif­
ference among the nonwhite group since there is no significant difference in the disper­
sion index for nonwhite drivers and nonwhite nondrivers. The results suggest that 
other factors, not controlled in this analysis, provide the correct explanation. Chief 
among these might be the household status of the worker, i.e. , whether head of the 
household or secondary worker such as a working wife. 

The effect of using the factored number of work-home linkages instead of the 
actual sampled number in the transportation problem was questioned. Two indifference 
indexes were determined for the white driver set, one using the factored number of 
linkages and one using the actual sample number (Table 1). The two indexes are 
equal. 

SUMMARY 

This paper has described an index which permits meaningful comparisons of 
spatial arrays of urban activity . The index simultaneously standardizes a spatial dis­
tribution of linkages against the time minimum and time indifferent linkage sets . 

The use of this index has been illustrated with journey-to-work data from the 
Niagara Frontier Transportation Study. The analysis showed that people overall are not 
indifferent to time•. They do not, however, organize their linkages so as to expend the 
minimum amount of time in travel, although they tend to exhibit more minimization 
than indifference. 

When the data were stratified into income classes, those in the highest income 
class tended to be indifferent to travel time as measured by the index. Both the middle­
and low-income groups appeared more sensitive to travel time than the high-income 
class, although the lowest income group tended to be only slightly less indifferent than 
the middle-income class. When the data were stratified by race and auto availability, 
inconclusive results were obtained. 

Additional analysis of the home and workplace linkages are planned with special 
emphasis on the assumption of equal substitutability of jobs and residences. The dis­
tributions will be standardized for differences in family size, car ownership, occupation 
and industry of employment, and other socio-economic differences beyond income itself. 

The use of the index will be extended beyond the area of the journey-to-work. 
Analysis of market areas of different activity types, such as retailing and recreation 
areas, may profit from the application of this measure. Another linkage which may be 
studied is that of school-home. 

The ability to plan for the arrangement of human activities in a region is heavily 
dependent on the planner's understanding of the way the region is currently organized 
and, more importantly, his understanding of why the region is so arranged. It is felt 
that this index will be useful in measurement and, therefore , verification of theories 
of urban spatial structure. 



Planning the Metropolitan Airport System 
GORDON EDWARDS, Federal Aviation Agency, Washington, D. C. 

In the past airport planning was carried out on a project-by­
proj ect basis. Problems of crowded skys and air safety in the 
rapidly expanding metropolitan areas led to the creation of sys­
tems planning and ground-to-air control of air traffic. Now 
problems of interurban transportation, the expansion of exist­
ing airports, the planning of new airports and conflicts between 
the airport and its neighbors have underscored the need for co­
ordinating airport system planning with metropolitan planning 
programs. 

This paper suggests procedures for planning the metropoli­
tan airport system. The objective is to integrate airport sys­
tem planning with highway and mass transit planning within the 
context of a long-range comprehensive planning program. The 
suggested planning approach is a short-range (5-year) airport 
system development plan based on the long-range comprehen­
sive planning program for the entire metropolitan area. The 
operational short-range development plan is composed of three 
elements: (a) changes in scheduling, (b) expansion of existing 
airports, and (c) the addition of new airports to the system. The 
short-range plan should also be coordinated with the highway 
development plan, the mass transit development plan, and local 
development and land-use plans for the specific area or polit­
ical jurisdiction in which existing and planned individual air­
ports are located. 

•THE PURPOSE of this paper is to suggest procedures for the planning and development 
of a metropolitan airport system. The objective here is effectively to integrate airport 
system planning with highway and mass transit system planning within the context of a 
long-range comprehensive planning program. As President Kennedy said in 1961: "in­
creasingly, community development must be a cooperative venture toward the common 
goals of a metropolitan region as a whole." This goal was carried forward by President 
Johnson in 1964 as necessary to assure that "the taxpayer's dollar is to be wisely used and 
our communities are to be desirable places in which to live." 

The Harvard-MIT Center for Urban Studies recenlly completed a 1·eport (l) for the 
Senate Subcommittee on Intergovernmental Relations in which it concludes that: 

Metropolitan planning offers strong advantages for the Federal 
Government in facilitating the efficient administration of over­
sight and review that is close to the local scene, and can foster 
wise local use of Federal programs on a coordinated basis; more­
over, it does so without necessitating an expansion in the number 
of Federal personnel in the agencies affected. 

The approach suggested in this paper is rather ambitious and farsighted. It encour­
ages metropolitan planning agencies to take the initiative in metropolitan airport systems 
planning. It outlines a new direction in functional planning which metropolitan planning 
agencies must seek to undertake if metropolitan plans are going lo influence u1·ban 
growth effectively. 

Paper sponsored by Committee on Transportation System Analysis. 
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In terms of airport system planning, this means that the metropolitan agency must 
shoulder the burden of operational systems planning in addition to long-range compre­
hensive planning. Clearly, this 1s no mean task. In the past, planning agencies have 
not had the necessary staff, skills, or resources to do the job, but now the Federal 
Government through the Housing and Home Finance Agency (HHFA), the U. S. Bureau 
of Public Roads (BPR) and the Federal Aviation Agency (FAA) is prepared to provide 
substantial financial and technical assistance for this important task. The procedures 
outlined here suggest the direction in which planning agencies should be moving. The 
FAA is prepared to provide the necessary assistance and technical skills for planning 
the metropolitan airport system, but the planning agencies themselves must take the 
initiative in the preparation of system plans. 

HOW THE FEDERAL GOVERNMENT ASSISTS TRANSPORTATION PLANNING 

On March 8, 1964, the President signed into law an amendment to the Federal Air­
port Act requiring that airports built with Federal assistance be reasonably consistent 
with planning programs for the area in which the airport is located. The first sentence 
of Section 9 (d) (1) of the Federal Airport Act (49 U. S. C. 1108 (d) (1)) was amended to 
read as follows: 

All such projects and advance planning and engineering 
proposals shall be subject to the approval of the Administrator, 
which approval shall be given only if he is satisfied that the 
project or advance planning and engineering proposals are 
reasonably consistent with plans (existing at the time of ap­
proval of the project or advance planning and engineering 
proposal) of public agencies for the development of the area 
in which the airport is located and will contribute to the ac -
complishment of the purposes of this Act. 

With that action, the Federal-aid Airport Programjoinedthe Federal-aid Highway pro­
gram andtherecentUrban Mass Transportation Act inrecognizingthe necessity of coor­
dinating functional planning programs with comprehensiveurbanplanningprograms. The 
Federal-aid Highway Act of 1962 requires that after July 1, 1965, all Federally aided 
highway projects in urban areas of more than 50,000 population must be "based on a 
continuing comprehensive transportation process carried on cooperatively by states 
and local communities." Long-range highway plans and programs are to be "properly 
coordinated with plans for improvements in other affected forms of transportation," and 
are to be "formulated with due consideration to their probable effect on the future de­
velopment" of the urban area. Under the Urban Mass Transportation Act of 1964, ex­
cept as specified in the Emergency Program (Sec. 5), no Federal assistance shall be 
provided unless the HHFA Administrator finds that such assistance is essential to a 
program proposed or under active preparation for a balanced transportation system 
as part of the comprehensive metropolitan planning program. 

But recognition of need does not automatically assure coordination. Our metropol­
itan planning programs must now take action to coordinate the transportation planning 
to meet the challenge of this new airport, highway, and mass transit legislation. In 
each case, the new legislation requires coordination of functional transportation plan­
ning programs with comprehensive planning programs. It does not spell out the form or 
content or the quality of the required urban planning programs. What it does do is pro­
vide a framework for achieving effective coordination of functional transportation plan­
ning, perhaps the first step in making metropolitan planning programs effective. 

Over the past 10 years, planners have quite properly become increasingly concerned 
with "effectuating" planning programs. In 1956, Meyerson outlined how long-range 
planning could be made more effective through the middle-ground community planning 
function (~). One of the key steps was the "detailed development plan function" to phase 
specific private and public programs as part of a comprehensive course of action cov­
ering not more than 10 years: 
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The gap between the developmental policies of government dis­
cussed above and a long-range master plan for future develop­
ment can be bridged by the preparation of short-run plans of 
five to ten years time span. The Development plan would link 
measures to deal with current problems with long-range pro­
posals to attain community goals. 

What Meyer son suggested 8 years ago is , in effect, required by these new transporta­
tion assistance programs today. 

The President's 1962 message on transportation called for "balanced transportation 
systems" which are planned and programmed as part of an overall community planning 
program. Obviously, in the large urban regions which will emerge in the next 20 years, 
a balanced transportation program must include airport systems pl:rnnine;. 'T'hPrPforP, 
airport planning should not be viewed simply as land use but also as a transportation 
function. 

Transportation facilities should be balanced economically and socially , providing 
freedom of choice in transportation to all people. Each mode of transportation serves 
particular configurations of functions and people should have the opportunity to choose 
the mode best suited to their needs-highway, rail or air. The need for choice and a 
flexible transportation system has become increasingly important in the large, complex 
metropolitan areas which have emerged in recent years. 

While almost everyone in the transportation industry now agrees with the traditional 
planning goal of a balanced transportation system, the difficult questions of what con­
stitutes a balanced system and how we build it persist. One of the key problems in 
developing such a system is that airports, highways, railroads, and subways are not 
built at the same time. To coordinate the various transportation modes, it becomes 
necessary to plan the entire transportation system. But preparing a plan and effectu­
ating a plan are two different things-a future airport which is generally located on a 
comprehensive metropolitan plan may or may not be seriously considered by the state 
highway department or transit authority when decisions are made actually to acquire 
rights-of-way and build a highway system and tr;insit network. The problem is further 
complicated by the fact that much of the system iu already in place. We must maxim­
ize the usefulness and efficiency of the existing system. However , if there is a short­
range development pian for each of the functional systems -coordinaled within the con­
text of a long-range comprehensive planning program-the critical problems of timing 
transportation investments can be successfully resolved. 

The growth of computer technology has proven very helpful in scheduling actions and 
investments in the highway building program. These same techniques have also been 
used in the preparation of metropolitan transportation studies. Techniques for planning 
the metropolitan airport system should be developed and included in transportation 
studies. 

H0\1/ THE F.i.A ... i1 ... .,.A ... SSISTS PL ... 4 ... !'T~TI~TG .. A.ND DE'VELOPMENT OF .A-1RPORTS 

Airport planning has traditionally been oriented toward serving the indi victual com -
munity. The metropolitan airport systems approach, suggested here, considers the 
airport needs of the entire metropolitan region. The metropolitan planning agency 
should take the initiative in preparing a short-range airport development plan based on 
the long-range comprehensive metropolitan plan. The FAA will work as closely as 
possible with the planning agency. The planning agency should request the assistance of 
of the FAA's District Airport Engineer at the outset of the development of the airport 
system plan . The objective should be to include each of the individual airport projects 
in the National Airport Plan (NAP). The NAP is the first step in gaining approval for 
the project under the Federal-aid Airport Program (F AAP). The basic F AAP pro­
vides up to 50 percent matching grants to the local airport sponsor. 

The FAA is charged with the responsibility for long- range planning to facilitate the 
safe and effective use of airspace and landing areas , the formulation of a NAP , and the 
administration of a FAAP to bring about , in accordance with the NAP, the development 
of a national system of public airports. 
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To be eligible for Federal aid, ownership in the airport must be vested in a public 
agency and the airport must be included in the NAP. The NAP is revised each year 
and submitted to Congress by the Administrator. The plan specifies, in terms of 
general location and type of development, the projects considered necessary to provide 
a system of public airports adequate to anticipate and meet the needs of civil aeronau­
tics. These projects include all types of airport development eligible for Federal aid 
under the Act (§) and are not limited to any classes or categories of public airports. 
(Inl964 eligible projects were limited to the following: land acquisition, site prepara­
tion, runways, taxi ways, aprons, lighting, runway distance markers, fire and rescue 
equipment building, snow removal equipment building, utilities, roads on airport site, 
parking, landscaping, turfing, erosion control, fencing, sidewalks, obstruction removal 
and relocation or modification of navigational aids.) The plans have been based on 
projected needs over a variable period of time. Before Fiscal Year 19 53, the plans 
were based on needs over a 3-year period. In 1953 the plan projected needs over a 
7-yearperiod, and in Fiscal Years 1954, 1955, and 1956 the plans were based on an 
8-yearperiod. The 1959 and 1960 plans are based on a 4-yearplanning period. The 
1962 plan is based on a 5-year planning period. Of the funds that are appropriated 
each year by Congress, approximately 75 percent 1 are apportioned to the states in 
proportion to area and population ("one -half in the proportion which the population of 

111 SPc. 4. Section 5(d) of such Act (49 U.S.C. 1104 (d)) is amended by adding at the end 
thereof the following new paragraphs: 

11 
( 4) For the purpose of ca,rrying out the 1964 amendments to the Federal 

Airport Act in the several States, in addition to other amounts 
authorized by this Act, appropriations amounting in the aggregate 
to $199,500,000 are hereby authorized to be made to the Adminis­
trator over a period of three fiscal years, beginning with the 
fiscal year ending June 30, 1963. Of amounts appropriated under 
this paragraph, $66,500,000 shall become available for obligation, 
by the execution of grant agreements pursuant to section 12, be­
ginning July 1 of each of the fiscal years ending June 30, 1965, 
June 30, 1966, and June 30, 1967, and shall continue to be so avail­
able until expended. 

11 (5) For the purpose of carrying out this Act in Hawaii, Puerto Rico 
and the Virgin Islands, in additlon to other amounts authorized 
by this Act, appropriations amounting in the aggregate to $4,500,000 
are hereby authorized to be made to the Administrator over a 
period of three fiscal years, beginning with the fiscal year 
ending June 30, 1965. Of amounts appropriated under this para­
graph, $1,500,000 shall become available for obligation, by the 
execution of grant agreements pursuant to section 12, beginning 
July 1 of each of the fiscal years ending June 30, 1965, June 
30, 1966, and June 30, 1967, and shall continue to be so avail-
able until expended. Of each such amount, 40 per centum shall 
be available for Hawaii, 40 per centum shall be available for 
Puerto Rico, and 20 per centum shall be available for the 
Virgin Islands. 

111 6) For the purpose of developing, in the several States, airports 
the primary purpose of which is to serve general aviation and 
to relieve congestion at airports having high density of traffic 
serving other segments of aviation, in addition to other amounts 
authorized by this Act for such purpose, appropriations amounting 
in the aggregate to $21,000,000 are hereby authorized to be made 
to the Administrator over a period of three fiscal years, be­
ginning with the fiscal year ending June 30, 1965. Of amounts 
appropriated under this paragraph, $7,000,000 shall become avail­
able for obligation, by the execution of grant agreements pursuant 
to section 12, beginning July 1 of each of the fiscal years end­
ing June 30, 1965, June 30, 1966, and June 30, 1967, and shall 
continue to be so available until expended. 11 
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each state bears to the total population of all states, and one-half in the proportion 
which the area of each state bears to the total area of all the states.") and the remaining 
2 5 percent, known as the discretionary funds, may be used by the Administrator for 
expenditures on approved projects in the several states as the Administrator may deem 
most appropriate for carrying out the NAP. 

The maximum Federal grant for any specific project is 50 percent of the total proj­
ect costs, except in those states where there are large areas of land owned by the 
Federal Government. In such cases, the 50 percent is increased up to 62 % percent: 

In the case of any State containing unappropriated and unreserved 
public lands and nontaxable Indian lands (individual and tribal) ex­
ceeding 5 per centum of the total area of all lands therein, the 
United States share under subsection (a) (1), and the maximum 
United States share under subsection (a) (2), shall be increased 
by whichever is the smaller of the following percentages thereof: 
(1) 25 per centum, or (2) a percentage equal to one-half the per­
centage that the area of all such lands in such State is of its 
total area. (1) 

Large airports like those of New York, San Francisco, Los Angeles, and Chicago 
require runway lighting of very high intensity. These lights are more expensive than 
the ordinary medium-intensity lights installed at the majority of the airports. Con­
gress, recognizing that high-intensity lighting, runway distance markers, in-runway 
lighting and land for approach light systems is in a sense a part of an integrated in­
strument landing system financed and operated by the Federal Government, increased 
the Federal share of the cost of purchasing and installing these types of lighting to 
75 percent. The Federal share for the installation of medium-intensity lights remains 
the same as for all the other eligible items in the project. 

If the projects in a particular state are not able to make use of the entire apportion­
ment to that state within 2 years from the time the funds are appropriated, the entire 
balance is placed in a discretionary fund. 

DEVELOPING AIRPORT SYSTEM PLAN AS INTEGRAL PART OF 
COMPREHENSIVE PLANNING PROGRAM 

The need for the advanced planning grants authorized by the 1964 amendments to 
the FAAP is underscored by the basic changes that have occurred in the airport plan­
ning as a result of changes in (a) aeronautical technology including the dynamic growth 
in both commercial air commerce and general aviation, (b) the size and complexity of 
modern airports, and (c) the rapid expansion of metropolitan areas. 

These same changes have also created a need for metropolitan airport systems 
planning. The need for airport facilities is not confined to the municipal boundaries of 
a particular airport sponsor. In many cases a facility serves several neighboring 
cummunilie::; and approach zones, and takeoff patterns extend beyond municipal bound­
aries into neighboring political jurisdictions. In future years, many of the metropol­
itan areas included in the NAP will be based on regional airport systems. It is the 
responsibility of each metropolitan planning agency to take necessary steps to prepare 
an airport system plan in advance of program implementation. Sufficient lead time 
should be allowed to permit review and approval by the FAA and local public officials 
who will be primarily responsible for financing and developing the airport system. 

The question of how and by whom the airport plan is going to be carried out is very 
important. If the development plan for a metropolitan airport system is to be realistic, 
the character and content of the plan will reflect the way it is to be implemented. 
Critics have emphasized that planning studies too often become hopelessly entangled 
in a web of socio-economic theory to the point that they lose sight of their original 
objectives and that there is the danger of such studies turning into an abstract socio­
economic "goals rush" of limited practical value. Now, it must be remembered that 
the comprehensive metropolitan plan is by necessity an abstract statement of socio­
economic goals and objectives. The short-range development plan for a single 
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metropolitan function such as airports can provide a bridge; it can translate the com­
prehensive plan into a practical, action -oriented development program. 

The FAA is in the process of changing its procedures to require that local govern­
ment sponsors in metropolitan areas coordinate airport development with metropolitan 
planning programs. Further, the FAA will provide technical assistance to metropol­
itan planning agencies in the preparation of areawide airport plans. It is apparent that 
review by the metropolitan planning agency will be much more meaningful if the Agency 
has in advance prepared a short-range (5-year) airport development plan. The func­
tional development plan then becomes a yardstick for evaluating the specific airport 
proposal. A 5-year development plan is suggested because that is the project fore-
cast period used for the NAP. The coordination of metropolitan airport systems with 
the NAP looks to the time when the NAP will be composed of a series of metropolitan 
systems which will provide a refinement of the present FAA "hub" concept. 2 The NAP 
designates large, medium and small hubs. The 21 large hubs coincide with major met­
ropolitan areas. Over the next 20 years, most of the Nation's economic growth is ex­
pected to occur in metropolitan areas. The value of integrating metropolitan develop­
ment plans with national development is immediately apparent because it is how the 
cash flows that determines how development projects are carried out. However, it is 
through the functional development programs that metropolitan plans are implemented. 

Problems of airspace congestion created the initial thrust behind metropolitan air­
port system planning. Unlike most metropolitan problems which are either dealt with 
or ignored on a piecemeal basis by "fragmented" government, control of airspace is 
the responsibility of the Federal Government, specifically the FAA. The FAA is re­
sponsible for air control everywhere in the United States, including metropolitan areas. 
Air control must be dealt with on an areawide basis. Therefore, the metropolitan air­
port system must be planned on an areawide basis. 

Airports in and around metropolitan areas must be planned and operated as a system 
so that their interactions (airspace, etc.) are not detrimental to their capacities and 
so that their functions are complementary. Furthermore, as air traffic continues to 
increase, more of these airports will approach and exceed a practical operating limit. 
Therefore, each airport in a metropolitan area should be planned as part of a system 
of airports to obtain the most efficient traffic flow and the most effective use of facilities. 

But it is not enough to create an efficient air transport system that will simply 
transfer the congestion to the terminal area and ground transportation. Therefore, 
the FAA is now emphasizing the importance of comprehensive metropolitan planning 
to achieve a balanced transportation system. As FAA Administrator Najeeb E. Halaby 
stated in his testimony in the 1963 FAAP hearings before the Aviation Subcommittee of 
the Senate Commerce Committee: 

2 The air traffic hubs are the cities and metropolitan areas which the airlines serve. 
These communities are classified in terms of percentages of the national domestic air­
line passenger total a,s follows: 

Large, 
Medium, 
Small, 
Nonhub, 

1.00 percent or more; 
0.25 to 0.99 percent; 
0.05 to 0.24 percent; and 
less than 0.05 percent. 

FAA uses the air traffic hub structure to measure the concentration of all the social 
and economic factors that determine a community's ability to generate air carrier or 
general aviation traffic. The hub structure is constructed from airline data because 
these constitute the longest, most reliable series of air traffic facts available. It 
is eAi:iressed in terms of passengers since they are the principal source of airline 
revenue and since the distribution of passengers, mail, and cargo by types of commun­
ities is well correlated. A community's air traffic hub classification is based on its 
percentage of the scheduled domestic enplaned airline passengers within the contermin­
ous United States. The hub designation is based on the community's share of the air 
passenger market of the United States rather than on a fixed number of passengers for 
a given time period. Of the 21 large hubs, nine have two or more air carrier airports. 
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We could go ahead with airport layout planning in the absence 
of comprehensive metropolitan planning. However, we hope that 
those instances would be rare because what we are all interested 
in is safe , convenient, and efficient transportation from door to 
door. 

The traveler really does not care how much time he spends 
afoot, on wheels, or on the wings. He does not analyze it that 
way. He wants to get from here to there safely and quickly. We 
will need, as the metropolitan population centers expand, a great 
deal more regional and metropolitan planning that will provide 
for rapid transportation from door to door. We hope that these 
can move forward in formation with airport development. 

We will come later to a point where we say, and I think 
with conviction, that the problem has already become so serious, 
not to mention how much more serious it will be in the super­
sonic era , where as much time is spent on the ground as in 
the air on several different transcontinental flights. Therefore, 
we are going to look very carefully and may, in certain selected 
instances, exercise judgment in withholding Federal-aid-to­
airport grants where the community has taken no steps to pro­
vide for accessibility to and from the airport. 

The objective here is a metropolitan airport system developed within the context 
of a continuing comprehensive metropolitan planning program. In theory, the general 
procedure for planning the metropolitan airport systems is as follows: (a) prepare the 
long-range (20-year) comprehensive metropolitan plan; (b) prepare a short-range 
(5-year) operational plan for airport development including basic inputs from the 
long-range plan; and (c) make necessary revisions to the long- range plan based on the 
short-range plan. In practice, however, most metropolitan planning agencies have 
not yet developed long-range plans. Therefore, the short-range operational plan for 
airport development should be integrated with highway and mass transit development 
programs to create a short-range metropolitan transportation plan. This plan is, in 
effect, the primary method of implementing the initial phases of the long-range trans­
portation plan. This, in turn , is a key part of carrying out the long-range compre­
hensive plan. In terms of the continuing planning programs, operational planning 
influences the long-range plan and the long-range plan provides the basic development 
goals for operational planning. Again it must be emphasized that most planning agen­
cies have not yet achieved the degree of sophistication necessary to perform both 
long-range and operational planning functions. As was stated at the outset, this re­
presents a rather ambitious and hopefully farsighted view of the direction in which 
metropolitan planning agencies should be moving to make metropolitan planning pro­
grams effective. 

The next 1111esti on is how does the metropolitan planner develop an operational sys­
tems plan? Since all major metropolitan areas are presently served by one or more 
air carrier and general aviation airport, he must first analyze the existing airport 
system. The methodology outlined here is presented as an example of one way in which 
the airport system can be analyzed. Like most methodology, it should be reviewed in 
terms of the transportation requirements of the individual metropolitan area and 
changed to meet the needs of both the area and the metropolitan planning program. 
The methodology was developed for the FAA by Warskow and Wisepart of the Airborne 
Instruments Laboratory, and does not necessarily reflect the official views or policy 
of the FAA. 

METHODOLOGY FOR ANALYZING CAPACITY OF AIRPORT SYSTEMS 

Many of the large metropolitan areas and their suburbs are now served by several 
airports. Because of the interactions between these airports, they should be examined 
as a system to insure their most reasonable and economic use by: (a) determining 



when the airport will become congested, (b) finding ways to relieve congestion, and 
(c) minimizing the need for new facilities. 

Method oi Analysis 
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To determine if an airport is to be included in the airport system, it must be decided 
whether the activity level in the present or projected period warrants its consideration. 
In general, an airport is part of the system if: · 

1. An FAA control tower is or will be established (that is, it has attained an acti v­
ity level sufficiently high for air traffic control), or 

2. Its airspace requirements conflict, in either Visual Flight Rules (VFR) or Instru­
ment Flight Rules (IFR), with those of any other airport (civil or military) in the system . 

The study of airports for a systems analysis can be limited to aircraft operations. 
Figure 1 indicates the major items to be considered. These items must be examined 
to determine the extent of their interaction between airports. Then, each subsystem 
of each airport must be examined to obtain an overall view of the operation of that air­
port and its relation to the system. To work in quantitative terms, the methodology 
used in the analysis evaluates the many items affecting the operation of a system of 
airports and shows how their effect on the practical peak annual capacity (PANCAP) of 
an airport can be determined. A technique for determining the PAN CAP of an airport 
is then used to derive the interrelationships between airports and to determine quanti­
tatively when congestion will occur at one airport or in a system of airports. Figure 2 
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Figure 1. Operational subsystems involved in airport system analysis (source: 
Airborne Instruments Laboratory, 1964, Contract FAA/BRD 403). 
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Figure 2 . 
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Summary of procedure for airport system analysis (source: Airborne 
Instruments Laboratory, 1964, Contract FAA/BRD 403). 

summarizes the procedures for the systems analysis. It is a cyclical analysis process 
designed to result in a system plan. 

Airport congestion occurs when the annual demand exceeds the PANCAP of that air­
port. Congestion can be relieved by increasing capacity, shifting demand away from 
the airport, and redistributing the demand. 

Interairport Considerations 

Figure 1 shows the interairport considerations that are involved in the analysis of an 
airport system. Some of these must be examined both as a part of the system and as a 
part of the individual airport's performance. Their effect on the PANCAP of an airport 
and the system capacity must be assessed and accounted for appropriately. 
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Airspace Use. -To establish how a group of airports use, or should share, airspace 
may involve three distinct analyses: 

1. Determining how this traffic at the airport would like to use the airspace, accomplished 
by examining both the scheduling practices of the air lines and general aviation flow patterns; 

2. Determining how the traffic at the airport must use the airspace, for example, 
by observing and recording the radar pictures of current traffic flow; and 

3. Determining where a new airport could be located to have minimum interference 
with existing facilities; this will require consideration of improvements in air traffic 
control (such as the common IFR room) and reductions in IFR spacings. 

Peak-Hour Traffic Demands. -The hourly traffic distribution for each of the air-
ports in the airport system should be developed to determine whether there is any possibility 
of sharing the load at the airports during certain hours of the day. If the peak hours coincide 
and the airports are loaded, this would, of course, not be possible. However, it may 
be possible to share the traffic between airports until all reach their peak hour capac­
ities, and therefore, some means would have to be developed to shift the demand for 
each airport. Shifting airline schedules or inducing general aviation to use lightly 
loaded airports would accomplish this. 

Flexibility of Airport Facilities. -If the airports in an airport system are to oper­
ate in a complementary manner such that traffic can be moved between airports to 
satisfy unusual traffic demand or weather situations, it is important that there be some 
flexibility in the use of facilities. For example, runways must be long enough to satisfy 
aircraft that usually use airports with longer runways. This would also extend into 
other areas of airport design such as gate space. The greater the equality between 
airport facilities, the greater is the possibility of exchanging traffic between the 
airports. 

Interairport Passenger Transfer. -An efficient plan for transferring passengers 
between the airports must be developed as part of the system plan. This plan should 
provide for the transfer of passengers between connecting flights-particularly those 
between domestic and international accommodations to one airport in the metropolitan 
system. To encourage the system approach to the distribution of traffic between air­
ports, it may be necessary to have a superior means of transferring passengers be­
tween the airports. In many cases, current surface transportation is not satisfactory 
for this purpose. The possibility of using helicopters has great promise for the future. 

Area Military Activity. -In many of our metropolitan areas, military activity is 
conducted from civil airports or from military airports within the system area to 
provide a convenient training place for reserve personnel. In these cases, military 
traffic may occur at the peak periods of civil activity. If this can become a problem, 
ways of controlling or reducing the military activity during these periods must be found. 

Indi victual Airport Considerations 

Each airport in an airport system must be analyzed to determine its PANCAP. 
Figure 1 shows five airport subsystems that must be analysed to determine the sub­
system that limits the airport capacity. Although the runway subsystem is the major 
airport consideration in computing the PANCAP, taxiways, heliport facilities, and 
apron areas can also be significant factors. Limitations in any of these areas must be 
accounted for in computing the PANCAP of an airport. 

Runway Subsystem. -The most important airport subsystem in an airport-capacity 
analysis is the runway subsystem. Congestion occurring in the other operations sub­
systems can usually be relieved to the point where the runways become the limiting 
factor. A runway subsystem involves several factors (Table 1) that should be clearly 
specified for the capacity analysis. A wide range of procedural and physical improve­
ments can be implemented to increase airport capacity. 

Taxiway Subsystem. -Certain phases of taxiway design affect runway operation, such 
as turnoffs from the runway and the holding-apron capacity. Other phases of taxiway 
design that can cause congested situations at the airport include: 
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Factors 

Runway 
layout 

Taxiway 
layout 

Airspace 
layout 

Operating 
procedures 

Traffic 
demand 

Navigational 
aids 

TABLE 1 

FACTORS FOR RELIEVING AIRPORT CONGESTION 

Procedural Improvements 

Use runways as taxi ways . 

New and additional departure fixes; share airspace 
assigned to other airports. 

Remove any restrictions on runway use. 

Reschedule air carrier; reduce general aviation; re­
duce military. 

Provide more flexibility for approach/departure 
routes; provide !FR dual-approach capacity. 

Physical Improvements 

More runways; lengthen runways to re­
move operating restrictions; modify 
thresholds and/ or intersections; modify 
runway/taxiway crossings; add and im­
prove turnoffs. 

Improve bypass areas, us e runways as 
taxiways. 

New and additional departure fixes . 

Reduce general aviation , 

Provide more flexibility for approach/ 
departure routes; provide !FR dual­
approach capacity. 

1. The lack of a two-way taxiway capability around the terminal buildings and be­
tween the terminal and the runways or hangars ; 

2. The lack of proper space for taxiing around parked aircraft at terminal locations ; 
3 . Taxiway layouts that use runways as taxiways (thereby limiting the use of the 

runway wherever this is necessary); and 
4. Taxiway layouts so close to a runway that exiting aircraft must mix with air­

craft on the parallel taxi way. 

The delay resulting from these situations should be evaluated to determine whether it 
affects annual capacity and can be decreased. The evaluation involves comparing the 
delay and taxi time of the present system with the delay and taxi time of the improved 
system . The computation of PAN CAP must make appropriate allowances for taxiway 
problems that reduce runway capacity and cannot be solved . 

Heliport Facilities. -In an airport system , the means of interconnection between 
airports becomes more important as traffic increases, particularly as the airports 
approach capacity. The rapid means of interconnections that are so important in some 
cases can most readily be satisfied by helicopters. Since they operate in the same air ­
space and the same operating parts of the airport as fixed-wing traffic, helicopters 
should be considered in planning airport operating facilities for metropolitan areas. 
In general , heliport facilities should be planned to avoid, if possible, any interference 
with fixed-wing runway use, yet be iocated for passenger convenience. 

Apron Areas. -Aircraft loading and parking areas for general aviation airports are 
a necessary facility and, in general , do not limit airport capacity because these areas 
can usually be adequately provided around the operational runway areas. If the parking 
areas for air carrier aircraft on terminal aprons are inadequate, congestion can occur. 
Directly observable results will be the tie-up of adjacent taxiways and possibly a delay 
of scheduled arrivals and departures. 

An evaluation should be made to insure that a reasonable level of service is provided 
and that the delays are not excessive. The number of gate positions required at any 
specific future date can be determined in relation to the growth in enplaned passengers 
forecast for a particular airport. The first step is an analysis of present gate use and 
requirements (Fig. 3). 

The results of the analysis of current gate requirements in conjunction with the 
forecast of enplaned passengers are used to determine the future gate requirements. 
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Figure 3, Scheduled gate occupancy, Alburquerque, December 1961 (source : Airborne 
Instruments Laboratory, 1964, Contract FAA/BRD 403). 
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The procedure illustrated in Figure 4 is used to determine gate requirements and will 
permit operations with only 2 percent or less of the flights being delayed for an avail­
able gate. 

It may be necessary to analyze gate requirements more than once to accommodate 
various traffic demands projected as part of the overall airport system study. There 
may be valid reasons for examining alternative approaches to assigning or distributing 
traffic between the airports. When gate requirements use all areas available for ter­
minal building development , it may be necessary to reverse the procedure and deter­
mine the effect of this on the total traffic at the airport. 

This material can be applied by maintaining a correlation between gate development 
and the increase in enplaned passengers. The equivalent demand in annual movements 
must then be obtained and accounted for in determining the PANCAP of the airport. 
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Figure 5. Data required to determine practical annual capacity (source: 
Airborne Instruments Laboratory, 1964, Contract FAA/BRD. 403). 
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Practical Annual Capacity of Individual Airports 

The PANCAP of an airport is determined by comparing the demand (existing or 
anticipated) on that airport with its capacity. This comparison is accomplished using 
a technique that examines, for a period of 1 year and for various annual traffic demands, 
the following factors: 

1. Percent of hours during the year that the hourly demand exceeds the hourly ca ­
pacity (called percent overloaded hours); 

2 . Percent of annual operations occurring during the overloaded hours (called 
overloaded operations); and 

3. Average delay to overloaded operations. 

Note that the analysis considers only those hours of the year when the airport operates 
in an overloaded condition. These hours determine , for the most part , the quality of 
service that an airport provides . 

The P ANCAP is computed using the technique shown in Figure 5. The input data to 
the PANCAP computation consists of the following: 

1. Variation of daily demand levels throughout a year-There are nine VFR levels 
and nine IFR levels. The nine VFR levels relate to VFR demands on peak, average , 
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and low days of peak, average, and low months; the nine IFR levels are similarly 
classified. 

2. Occurrence over a year of each of the relative levels of hourly demand. 
3. Typical hourly distributions of demand throughout the day-Different hourly dis­

tributions are used for VFR and IFR weather. 
4. Ratio of landings to takeoffs for each hour. 
5. For each possible combination of runway use, the capacity (for example, at a 

4-min average departure delay in VFR) and amount of use during the year. 
6. Test demands-These are expressed in terms of the number of aircraft desiring 

to use the airport runways in a peak hour of a peak day of a peak month. 

After these results have been obtained for all of the six hourly test demands, they are 
curve fit (least squares) and plotted as shown in Figure 6 . 

Data obtained from Figure 6 are replotted on Figure 7. The average delay at 
the intersection of the percent overloaded hours curve with the constant-40 curve is 
noted. The average delay at the intersection of the percent overloaded operations 
curve with the constant-BO curve is also noted. The PANCAP of an airport is the 
annual demand that yields the smaller average delay. 

Figure 7 is based on the following reasoning. Suppose that we plot the percent 
overloaded hours as a function of average delay from curves such as shown in Figure 6. 
We have found that good airport operation exists at annual demand levels representing 
the portion of the curve below and to the left of the constant-BO curve. The constant-
80 curve represents the hyperbola obtained by setting the product of the two axes equal to 
80; for example , 10 percent of annual operations occur during overloaded hours and 
experience an average delay of B min. 

The procedures used for determining the PAN CAP are summarized in Figure 8. 
The starting point is the existing airport with the runway, taxi way, airspace layout, 
and the operating procedures and navigational aids in use. If the annual capacity is 
greater than the current annual demand, then the only need for reexamination is for 
future conditions. If , however, the analysis shows that the annual demand is greater 
than the annual capacity, then the analysis must continue by considering improvements 
to the runway system (Table 1), recomputing the annual capacity, and comparing the 
revised annual capacity with the annual demand. Thus , the cycle continues until either 
the annual capacity exceeds the annual demand or all possible ways of increasing the 
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IF DEMAND > PANCAP, CONTINUE 

REVISE AIRPORT FACTORS ANO 
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Figure 7. Fiow chart ror analysis of 
practical an.nu.al capacity (source: Air­
borne Instruments Laboratory, 1964, Con-

tract FAA/BRD 403). 

annual capacity have been examined. If it 
is still impossible to provide adequate 
capacity, then an attempt should be 
made to decrease the demand by en­
couraging the excess demand to use 
other facilities . 

Capacity of Airport System 

After determining the P ... A.-.1\J'C ... A .. P of 
each airport in the system, the system 
capacity can be derived. A system of 
airports is congested if one or more of 
the airports is congested after all rea­
sonable and economic ways of relieving 
the congestion at the particular airport 
have been tried. Thus, the comparison 
of individual airport capacity with the 
demand of that airport is most impor­
tant . The systems approach to anal­
yzing the individual airports is vital in 
order to include airport interrelation -
ships. However, it may b~ more mean­
ingful to treat the airports individually 
when comparing the demand with the 
capacity. 
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Figure 8. Computation of practicai annual capacity of airport (source : 
Airborne Instruments Laboratory, l96!1, Contract FAA/BRD 403). 

A suggested procedure for analyzing the meaning of the annual capacities and the 
airport system capacity is as follows: 
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1. The cyclical process of Figure 8 should be completed, if not already done. In 
this step, either adequate capacity is or can be made available or the ultimate capacity 
has been determined. 

2. The capacity analysis will have been based on annual demand, probably both 
current and forecast. These demands must be compared with the computed capacities 
to determine which airports will become congested. 

3. The demand for the congested airport is analyzed to determine whether demand 
can be lowered by diverting traffic to airports with excess capacity. 

4. If diversion is not practical or if the amount of diversion is so small that a 
capacity problem still exists, new airports must be provided to relieve capacity. 

OPERATIONAL SHORT-RANGE DEVELOPMENT PLAN 

After completion of the analysis of the existing airport system, the next step is the 
preparation of the operational short-range (5-year) development plan. The plan is 
composed of two parts: (a) planned expansion of the capacity of existing airports, and 
(b) the addition of new airports to the system based on the long-range comprehensive 
plan. 

Almost all of the growth of the United States is occurring in metropolitan areas. 
Further, most of our urban expansion is occurring at the periphery of metropolitan 
areas. This poses some particularly difficult problems for airport planning because 
airports are large consumers of land for runways, approach zones, takeoff patterns, 
etc. With more and bigger jets they will also become an increasingly noisy neighbor. 
Such problems have underscored the need for airport system planning. The short-range 
plan is a practical device for pinpointing where conflicts between the airport and its 
neighbors are likely to occur. Moreover, by coordinating airport expansion and de­
velopment with local city and county planning programs, these painful and emotional 
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conflicts can be resolved before the dollars are committed for construction. The 
short-range plan represents an opportunity to provide service to the whole metropol­
itan area without negotiating with each individual community. It is an opportunity to 
plan the system on a rational basis, providing a guide for future investment in the 
system. 

The use of air carrier service, air cargo transportation, business flying, and 
pleasure flying have all been expanding in recent years. Since the demand for air 
transportation facilities will probably be accelerating in the future, the need for 
operational, short-range development planning becomes particularly important. It 
seems evident that both elements of the short-range plan will need to be expanded to 
accommodate the demand for airpo1t facilities. The nature and degree of the changes 
will, of course, depend on the increase in each of the different kinds of air traffic 
which are forecast for the 5-year planning period. The FAA has developed methods 
for forecasting air traffic demand and will provide guidance and assistance to airport 
system planners. 

The analysis of the capacity of the existing system will identify the factors causing 
congestion in the existing system. From the analysis the planners can determine what 
kind of rescheduling, expansion, or new facilities will be needed to resolve current prob­
lems and to avoid future problems in the metropolitan airport system. For instance, 
in the Atlanta metropolitan area, there are 20 scheduled flights for 5: 00 p. m. at the 
major air carrier airport. Needless to say, this creates severe congestion around 
5: 00 p. m. The obvious solution is to reschedule, but because of the nature of the 
workday and the demand for business commuting by air, none of the airlines wants to 
give up its priority position on the demand s~hedule. Therefore, additional facilities 
might be necessary to handle peak hour loads, but the cost of additional facilities must 
be weighed against the cost of the convenience to the air passenger, the business com­
munity, and the airlines. The consequences, both intentional and unintentional, of these 
decisions can be clarified and defined within the short-range development plan. Thus, 
wiser decisions can be made. Wiser decisions mean greater benefits for the commu­
nity, the passenger, and the air industry. 

One of the key objectives of the short-range development plan is a "balanced trans­
portation system." All expansion and new airport development must be coordinated 
with metropolitan highway and mass transit planning. Peak hour traffic at airports 
often coincides with the congestion of rush hour commuting. The decisions relating to 
one transportation mode will influence the planning of other modes. The need for co­
ordination of short- range transportation planning is clear. 

Although this kind of coordinated transportation planning has not yet been achieved 
in any metropolitan planning program, the promise of greater financial support, in­
creased responsibility, and improved technological skills point to more effective met­
ropolitan planning agencies capable of coordinating transportation planning within the 
context of comprehensive planning programs. 

INFLUENCE OF NEW AIRCRAFT TECHNOLOGY ON DESIGN OF 
"11, trT:'lmT"ll""\.T'tir"'\.Y TrTI A 1't.T ATTITIATI,.,.., o,rc.,rr,"[;'11\/fC' 
lV.lLJ..t1.V.LV.1.JJ..Ln..1, .l"1...1.L\.rVJ.\..J. ..,:,.1.u.L..&.:JlY.LU 

Changes in aircraft technology have influenced airport design in the past. New air­
craft technology will influence the design of the metropolitan airport systems in the 
future. The helicopter, the vertical and short takeoff (VTOL, STOL), etc., will intro­
duce new planning requirements but they will not replace the need for old-fashioned 
airports with long runways. 

The implications of rapid changes in the technology of air transport were explored 
with considerable imagination and insight by Branch (i), who points out that: 

Use of commercial helicopters in cities is expanding rapidly. 
Continued growth in this use and the development of other means 
of aerial travel could create a new set of city planning problems. 

The new aircraft technology presently foresees the future development of VTOL, 
STOL helicopter, and the SST (supersonic transport). Looking at the future prospects 
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for each of these new developments, we can foresee a demand for a greater variety and 
specification of "airports." The subsidies for commercial helicopters have not changed 
much over the last several years. The commercial operation of helicopters is actually 
less than it was a few years ago. The problems are high costs, reliability , and main­
tenance of schedules in all weather. If the helicopter is confined to speeds of 60 to 80 
knots, economical transportation may be possible. The improvement of jet engines 
might also lead to lower costs. More research is needed to improve the flying and 
handling qualities of the helicopter to achieve all-weather operation. The objectives of 
such research are to improve the utility of helicopters for short-range transportation 
in urban areas. 

At present, there is no aircraft that adequately provides short- and medium-haul 
needs. American industry has the technology to provide such vehicles, costs of de­
velopment are high. Here again, more research is needed. Aircraft with short-field 
takeoff may be developed utilizing modern turbine engines, the latest developments in 
high-lift devices and perhaps the application of boundary layer control. Such a vehicle 
could reduce airport traffic control problems. 

At present, all types of aircraft-short-haul , long-haul, propeller aircraft , and jet 
transport-use the same runway, causing a large part of the congestion problem. Using 
the same runways, they come in over the same approach zone :;i.nd leave the airport in 
the same direction. The shorter haul aircraft, perhaps with cruise speeds of 350 
knots, can be designed to operate in and out of new shorter runways separate from 
existing low-speed characteristics. With improvement in airborne collision detection 
equipment and improvement in tower air traffic control systems, much congestion can 
be avoided. 

G.E.M. 's (ground effect machines) merit special discussion. They appear to have 
several fundamental problems. As the speed of these vehicles in creases, their effi -
ciency is seriously limited. When the speeds exceed about 30 to 40 knots, the pro­
portion of the momentum of the incoming air which is required to support the machine 
becomes a very small proportion of the total momentum of the air handled. At 100 
knots, not more than one-fifth of the total momentum of the incoming air is used in the 
production of lift. At lower speeds, on the order of 30 knots, the efficiency is much 
better. Because this problem is inherent in the G. E. M., it might represent a funda­
mental technological limitation. The FAA and the Civil Aeronautics Board (CAB) have 
jointly determined that G. E. M. 's are not considered to be aircraft. 

The long-haul aircraft are far more highly developed than the short- and medium­
haul aircraft. There is a growing long-haul air transportation market in most of our 
larger metropolitan areas. Ninety percent of all transcontinental trips are made by 
air. The latest advance in the long-haul air transportation is the development of super­
sonic transport or SST. 

The United States is now engaged in a multimillion dollar design and study program 
aimed at development of a supersonic transport. Initial design proposals from indus­
try were evaluated early this year by a government team and the air lines, and improved 
designs are currently being studied. 

The SST would serve the long-haul air market, that is, 800 mi or more. Shorter 
hauls will probably continue to be served by subsonic commercial jets. The SST will 
probably command large economic market areas. Therefore, it is anticipated that 
relatively few strategically located SST capability airports will be needed to serve the 
entire long-haul air market of the United States. If asked to define "relatively few," 
I would say that they will probably be limited to 20 to 30 large hubs; and further, there 
will probably be only one SST capability airport to serve each of our major metropolitan 
areas. This means that all modes of medium- and short-haul transportation will play 
an increasingly important role in providing connecting service to long-haul supersonic 
aircraft. 

Several different kinds of transportation in addition to a well- developed highway 
system may be needed to provide the passenger with adequate total trip transportation. 
For instance , connecting transportation to an SST flight originating in New York might 
require both a rapid transit connection to serve passengers originating in Connecticut 
and a short- haul aircraft connection to serve passengers originating in Albany. 
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Similarly, an SST flight originating in Los Angeles might require rapid transit service 
to Riverside and a short-haul aircraft connection to Las Vegas. Obviously, develop­
ments of this nature will have planning implications for highway and transit planning 
as well as airport planning. 

Business flying will also be affected; management will probably make even greater 
use of privately owned aircraft to provide direct connections from the office or the 
plant to the SST airport. If the SST is going to serve a large regional market, it will 
have planning implications for several types of transportation. 

From this brief review of new aircraft technology, it is apparent that the new air­
craft will supplement but not supplant the existing aircraft. Therefore, we will continue 
to need the traditional type of airports as well as new kinds of airports for the VTOL, 
STOL, and helicopters. The use of these new aircraft for interurban transportation is 
dependent on the development of power plants that are far more efficient in tP.rm R of 
power-weight ratio than the present models. They will also have to be far more com­
patible with the highly sophisticated air traffic control and navigation installations that 
are responsible for directing air traffic in the growing metropolitan areas. Maj or 
modifications in ground installations , pilot procedures, and airborne electronic equip­
ment will be necessary if any significant amount of helicopter, VTOL, or STOL traffic 
is to be properly coordinated with existing types of aircraft. 

NEED FOR RAPID TRANSIT SERVICE TO METRO POLIT AN AIRPORTS 

In the past, ground transportation to the airport has been predominantly highway 
oriented, largely because there is no direct rapid transit service to major airports. 
With the passage of the 1964 Urban Mass Transportation Act and the prospect of fast, 
safe , comfortable, and economic transit service , mass transit may provide a practical 
alternative to the auto, taxi, and limousine. 

Fixed rapid transit, such as rails, subway, or monorail with its heavy costs per 
mile and the considerable number of miles to be traversed, cannot be justified as a 
facility to serve the airport alone. However, in major metropolitan areas such as 
New York, Detroit, Chicago, Cleveland, San Francisco, Los Angeles, and Boston, 
airports are part of a total urban complex. Within such consolidated metropolitan 
areas, the best opportunity for the economic success of rapid transit service to the 
airport. will bP. whP.rP. a new metropolitan transit line can be extended from an existing 
system to the airport. For instance, in Cleveland the Transit Authority is developing 
a 1 ½ -mi rapid transit extension from the West Side Terminal. With Federal assis­
tance, it will be able to acid another 2 % mi to link Cleveland Hopkins Airport to down­
town. In Tokyo, a monorail was recently completed between Hannada Airport and down­
town. The trip which formerly took 1 ½ hr by car can now be made in 15 min. The 
time saved is perhaps equal in significance to the development of the SST. 

Transit time from the passenger's point of orgin to the airport is a matter of major 
concern. In many cases, the ground time exceeds the air time. With the introduction 
of jet transports, the margin has increased even more. For a journey of 400 mi be­
tween two large metropolitan areas, ground times are as much as double air time. 

Surveys made of ground transport to the airport indicate that in the United States the 
majority of passengers, visitors, and airport and airline employees travel by private 
automobile. Indications are that this trend will continue in the future. Travel desire 
lines to and from the airport appear to be widely scattered; this is especially so with 
travelers residing in the area served by the airport. Out-of-town passenger origins 
and destinations seem to concentrate more in centralized hotel locations near business 
centers. On the other hand, many of these travelers are making use of rented auto­
mobiles. 

Because of the lack of concentration of origins and destinations of air passengers in 
a metropolitan area and the popularity of the automobile as a personal means of trans­
portation, the use of public transit up to now has not been large. However, as air 
transport keeps growing, the volumes of passengers may be large enough to warrant 
special means of transportation to the airport. This is especially true in large urban 
areas whenever the normal peak vehicular traffic periods coincide with the peak traffic 
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periods at the airport (often 5: 00 to 6: 00 p. m.). In some cities in Europe, such as 
Brussels and London, a train connects the airport with a downtown terminal. Other 
cities in Europe are planning similar installations. 'Although these installations are 
undoubtedly quite expensive and probably cannot be economically justified on the basis 
of serving the airport alone, they become useful in the future as part of a rapid transit 
system for an entire metropolitan area, accommodating peak hour traffic at the large 
metropolitan airport. Transit planners and officials should be encouraged to explore 
the economic feasibility of serving major airports with an "airport special" during 
peak ground traffic hours which are often coincidental with peak air traffic hours. The 
"airport special" could provide a faster, direct, perhaps nonstop trip to the airport 
from a convenient central city terminal in a comfortable air-conditioned atmosphere. 
Since the peak airport hours are usually coincident with surface transportation peaks, 
the transit planners might have to provide additional equipment to serve the airport 
needs adequately during the critical peak hour periods. Airlines could provide down­
town terminal facilities and service to handle baggage from the cab or automobile at the 
downtown terminal straight through the airport to the destination. 

Metropolitan planners should include airport service feasibility studies in their 
mass transit planning programs. The FAA Regional Office and the District Airport 
Engineer will provide assistance. It is particularly important to initiate coordination 
with the FAA, the airport sponsors, and transit officials at an early stage to coordinate 
airport transportation planning at the outset of metropolitan transportation system 
planning. 

CONTROL OF LAND-USE DEVELOPMENT AROUND THE AIRPORT 

The control of land-use development around the airport is the responsibility of the 
local political jurisdiction in which the airport is located. The metropolitan planning 
agency should review local plans, but the administration of land-use controls is a 
function of the local authorities. Therefore, the FAA must rely on the local community 
to implement the FAA standards for development of land adjacent to airports. 

Land-use control is an extremely complex problem. In areas of rapid urban growth, 
zoning should be regarded as an interim or stopgap measure. It is not the ultimate 
solution. The FAA has prepared a "Model Airport Zoning Ordinance" to provide guid­
ance for communities, but like any guide it is the implementation of guidance that 
counts. The power to zone the height of structure around airports is now well estab­
lished under the state's police power to "promote and protect the public health, safety, 
morals, comfort, and general welfare of the people." With the introduction of jets, 
however, noise has become the critical problem. 

A recent HHFA demonstration grant project (Q) to determine the noise effects of jet 
aircraft operation on land uses in the environs of a major jet airport (the Detroit 
Metropolitan Wayne County Airport) concluded that "Land in the area affected by air­
craft noise is not suitable for residential development." 

If residential development should be restricted in the airport approach and takeoff 
pattern, how can owners of the land be reasonably compensated? The answer is that 
they cannot without a massive program of purchasing development rights around air­
ports. Buying development rights is politically and economically unrealistic at this 
time. Therefore, the best approach is to (a) encourage a vigorous enforcement of 
zoning regulations around existing airports, (b} encourage public land acquisition at 
both ends of the runways of existing airports whenever feasible, and (c) require the 
protection of new airports by coordinating other public land acquisitions with air-
port development. In other words, land should be reserved at both ends of the runway 
for publicly owned parks, reservoirs, sewage treatment plants, landscape nurseries, 
aboretums, riding academies, golf courses, ets. The FAA now provides matching 
grants to purchase land in clear zones and the HHFA can provide up to 30 percent 
grants of land in approach zones. The FAA is also working with the Department of 
Interior to develop procedures for coordinating land acquisition programs which will 
be assisted by grants from Bureau of Outdoor Recreation under Public Law 88- 578. 



96 

In areas where new highways are proposed near airports, highway planners should 
consider the feasibility of running the highway down the center of the airport approach 
zone for noise abatement purposes. 

The purpose of this land-use coordination effort is to maximize the usefulness of 
the airport by avoiding conflicts between the airport and its neighbors. Guidelines for 
land-use planning around airports have been developed for the FAA by Bolt, Beranek, 
and Newman ~). Although it is not the last work in land-use planning with respect to 
aircraft noise, it does represent the latest state of the art in calculating composite noise 
ratings around airports. 

The HHFA's Open-Space Land Program authorizes the Federal Government to make 
grants to localities of up to 30 percent of the cost of undeveloped land for recreational 
and conservation purposes. In the first 3 years of the program , from 1961 to 1964, the 
$ 32 million in Federal Grants for open land were primarily concentrated in large 
fast-growing metropolitan areas. It is also in fast-growing metropolitan areas where 
the need exists to protect airports from the encroachment of subdivisions and other 
incompatible neighbors. Clearly, much greater coordination of open space planning 
with airport planning should be encouraged. It is worth noting that open space grants in -
elude a 10 percent additional incentive if open space planning is carried out as part of 
a comprehensive metropolitan planning program. 

With the expansion of airports for jets and the increasing urbanization partly attrac­
ted by the airport itself, the control of land use around airports has become an increas­
ingly difficult and complex task. The local community or adjoining community may not 
be able to do the job by themselves. The Federal Government may have to provide 
assistance for excess land acquisition or for the preservation of open space around 
airports. This is one of the many problems which will not be quickly resolved but 
planners must take the initiative now to explore methods for avoiding conflicts between 
airports and their neighbors before such conflicts become frozen in place and the only 
solution is legal action which can only result in marginal adjustments and unhappy 
homeowners. 

SUMMARY AND CONCLUSION 

Airport system planning represents a new dimension and a new challenge to the urban 
planner. Metropolitan transportation planning programs should include areawide air­
port system planning. The planner should take the initiative in the development of 
airport system plans. He should seek the guidance and assistance of the District Air­
port Engineer in developing the airport system plan. 

The planning approach suggested here is a short-range (5-year) airport system de­
velopment plan based on the long- range comprehensive planning program for the entire 
metropolitan area. The operational short-range development plan is composed of two 
elements: (a) the expansion of existing airports, and (b) the addition of new airports to 
the system. The short-range plan should also be coordinated with the highway develop­
n1ent plan, the n1ass transit development plan, and local development and land-use 
plans for the specific area or political jurisdiction in which individual airports, both 
existing and planned, are located. 

The capacity of the existing metropolitan airport system should be analyzed to de­
termine where problems of congestion are presently occurring and where problems are 
likely to emerge within the 5-year development period. 

To make metropolitan planning programs more effective, the planner should place 
much greater emphasis on coordinating the short-range development plans of the func­
tional agencies responsible for highways, mass transit , and airports, even to the 
extent of preparing areawide system plans for such agencies. The HHFA's 701 Urban 
Planning Assistance Program , which provides up to two-thirds of project cost for 
metropolitan planning, specifically authorizes airport planning as follows: 

a . Determination of the Number, Type, and General Locations 
of Airports Needed for Both Commercial and General Avia­
tion. and 



b. Relationship of Airports to Community Development , 
Including Consideration of Economic Factors, Land 
Use Controls, and the Overall Transportation System. (1) 

97 

Further, under HHFA's 702 Public Works Planning Program, the local airport sponsor 
in coordination with the metropolitan planning agency can also receive a 100 percent 
advance to cover the cost of preparing a detailed design or development plans for indi­
vidual airport projects, or the local airport sponsor can use the 50 percent planning 
grant under the Federal-aid Airport Program which, unlike the 702 Program, does 
not have to be repaid at the time the specific airport project is undertaken. 

The Metropolitan Planning Review Bill (S. 8 55), which has at the time of this writing 
unanimously passed the Senate and is pending in the House, would require that a number 
of Federally supported projects, including airports and other transportation facilities, 
be reviewed by official metropolitan planning agencies for consistency with each other 
and with general development plans and policies for the area as a whole. However, even 
if S. 8 55 does not pass, future legislation affecting functional development programs 
will require review by metropolitan planning agencies. Metropolitan planning must take 
the initiative now to make these review procedures meaningful in the future. This 
opportunity to make planning programs effective has presented the metropolitan planner 
with a great opportunity and a tremendous challenge to produce the kind of practical 
and realistic, yet farsighted and inspirational, planning program that is needed to 
create a more efficient and workable urban environment. 
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Minimizing Land Used by Automobiles and 
Buses in Urban Central Core: Underground 
Highways and Parking Facilities 
GEORGE A. HOFFMAN, The RAND Corporation, Santa Monica, California 

Possibilities for reducing the land used for urban transportation 
in the central city core by providing ample automotive access 
with deep underground tunnels and parking areas are examined. 

The cost of conventional urban highways built through densely 
populated areas is described in terms of construction costs, 
right-of-way acquisition costs, and selected operating expendi­
tures. Construction and ventilating costs of vehicular tunnels 
are presented to permit a comparison with highway costs. The 
data imply that if existing trends continue, it might be cheaper 
before the end of this century to move and park passenger cars 
and buses under ground rather than above ground in the center 
of many American cities. 

Some design features of underground construction and travel 
are also considered, such as tunneling machines, rock removal, 
prefabricated lining and roadways, adaptability to mass transit 
systems, land reclamation, traffic control, and obstacle re­
moval. 

The study considers what may be needed if all mass transit 
ridership were hypothetically transferred to passenger cars in 
Los Angeles, Chicago, and Manhattan. Recommendations are 
given for study of the underground highway concept and devel­
opments of prototype machines capable of rapid excavation of 
vehicular tunnels under most rock conditions. 

'THE AMERICAN metropolis is steadily expanding, and its inhabitants, as their in­
comes grow, are acquiring more and more automobiles. Moreover, these trends are 
occurring not only in American cities but throughout the world. The passenger car is 
the most surface-consuming transportation vehicle in wide use today and, as a result, 
access to the central core of the city by individual transportation should be a prime 
concern to city plannei"S. 

If we expect to preserve the central city as we know it today and handle the large 
traffic volumes required in major cities, innovations in current practices are required. 
The minimization of land used in conducting automotive and bus traffic on the surface 
of city streets is the first step, and the possibility of eliminating surface usage for 
transportation by removing auto and bus traffic from the surface and relegating it to 
either aboveground or underground facilities is the primary concern of this study. 
With the choice between elevated highways and high-rise parking structures, and deep 
underground roads and storage garages, for economic and aesthetic reasons the under­
ground concept was chosen here to be studied, although aboveground facilities should 
also receive attention. 

The purpose of this report is to investigate and suggest further study of underground 
vehicular travel (i.e., multilane deep subterranean highways and ample parking facili­
ties with outlets to the surface only in the suburbs) as one alleviation of the central 
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city's traffic and land-use problems. This vast urban land conservation program in­
volves consideration of some staggering expenditures, but there are benefits that can 
be reaped in numerous other areas where we now pay dearly for the highway and road 
designer's practice of using mostly the surface of the city for car, truck and bus traf­
fic. 

To be sure, near the hubs of some American cities, vehicular tunnels (such as those 
leading into Manhattan) or subterranean parking facilities (as in Boston, San Francisco, 
Los Angeles, and New York) already exist or are being planned (such as the Beverly 
Hills freeway), but in no instance are the tunnels connected directly to the parking 
facilities or do the parking areas tend to decongest surface traffic (but rather the op­
posite); in most situations they account only for a very minute portion of the vehicular 
volume. 

Naturally the city planner cannot consider only subterranean highways without also 
considering connected subsurface parking garages. If only ample parking were pro­
vided, the surface traffic congestion would deny access to such facilities; likewise, 
with ample underground traffic density but no place to stop and park underneath the 
destination, the purpose of the tunnels would also be defeated. Thus, no inlet or out­
let to the surface, except for passenger and freight elevators, should exist to congest 
city streets. 

The conjunction of the two schemes-road and parking-is essential at all stages of 
the design: at the conceptual stage (since tunneling machines must be developed as a 
very first step for both deep underground parking garages and highway tubes), at the 
engineering stage (where large commitments and expenditures are defined and funds 
must be procured), at the construction stage (where the huge amounts of excavated 
material must be disposed of efficiently), and certainly at the initial use stage. 

The plan of this study is to plot over a half-century span the cost of constructing 
and operating selected conventional urban highways and their right-of-way cost. The 
costs of some automobile vehicular tunnels built in this century are presented for 
comparison. In the not-too-distant future these costs are observed to merge, giving 
some economic basis to the underground concept. The operating costs of highways 
and tunnels are also listed and compared, and those for underground roads are shown 
to be lower already than those for equal-capacity surface roads in many instances. 
Since underground urban automotive traffic might not involve much greater costs than 
surface traffic in the future, the design features and advantages of future urban high­
ways and parking are investigated. It is recommended that a three-lane tunneling 
borer be developed as a first approach. 

COST OF URBAN SURFACE HIGHWAYS 

The initial construction cost of selected major roads and highways is shown in 
Tables 1 and 2, where the entries were arranged neither by date nor by magnitude. 
The costs are those of the construction contract at the time it was awarded or of the 
planning estimate, and are distinguished where possible from the cost of acquisition 
of the right-of-way. Demolition costs are either in land or in construction costs, 
since they are accounted for differently in various localities; they tend to be the least 
of the three major ingredients of urban highway prices, varying from negligible 
amounts in the West to sizable amounts in the East. 

The entries in Tables 1 and 2 encompass a wide spectrum of freeways, differing 
greatly in environment, materials, design criteria, and time of completion. For 
example, the spectrum extends from the surface highways built in the first third of 
this century to the grade-separated contemporary freeways, either depressed or ele­
vated, and from the multiple-access 40- to 50-mph roads to the limited-access 80-
mph freeways with cloverleaf interchanges. Materials and methods encountered vary 
from excavation in hard rock to removal of loose soil, and from concrete paving prac­
tices to the use of bituminous aggregate. Finally, although some of the highways are 
austere, essentials only, arrangements common before World War II, others tend to 
have elaborate bridge crossings and divided medians with landscaping, requiring ex­
pensive detouring roads during construction. 
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TABLE 1 

DATA ON SOME HIGHWAYS 

c-pt•~ Cost ( .. lllions of $) 

N11,a(I end Locationa 

o Capital Beltway, Md,, V• • • V•.Jt, O.C. 
L, Bos ton Inner Belt 
w Hartford - Non.ilch, Conn , 
"JI Palmetto, Hlaml Bypass, Fla, 
ff Ohio No . 7l 

Danbury-Newton, Conn , 
NewJerseyExpre89\Jay 

2, Cro&sbro11Xw1ay, N. Y, 
5 . Erabarcadero, S.ln Franc isco, Calif. 

o Connecticut Turnpike 

6. Crussbronxway, Ph;ise l, N. Y. 
7, Edsel Ford, Decrolt, ~Heh, 
a, Chrysler Expres s way, D~troit, Hich , 
9, Spokane Freeway, Wash, 

In :'i~n Franc 1 Rtn C:en~rn I , (;Q}i C. 

Central Artery, Bos ton, Ha s s, 

12, Congress Str-ee t, Chicago, Ill , 
l) , Lodge Express..,ay, Detroit, Hlch 
o Portion of Santa Ana rreeuay, Calif. 
o Portion of San Berns t<.llno freeway, Cali.I. 

L'4 , Lunalllo Frecw~y, tlonolulu, Hawai.i 
15 , Hudson Tunnal Approaches, N, J, 
16 , New Jersey Headows, Passalc-Hackensack 
17 Ogden Ave. Disgonal E11pressway, Chicugo, 11 l . 
LB, Westsi.de Expressway, Canal to 72nd st., N.V. 

19 . Proposed Chicago E.levated Road 
o Proposed Chicago Surface Road 

Sepulveda Pau, San Di.ego Yceeway, Calif 0 

o MercLtt Parkva'I, Conn. 

20 0 Arroyo Seco, Los Angele s - Pasadena, Call{ . 

Brooklyn ~lt Parkway, N.Y. 

'" 6 
6 
4 
4 

4/6 

' 6/8 ,,, 
' ' 
"' • ,,, 
• • 

4 
4 

' 4/6 

4/6 

11, East lloston Expressway, Hass , 4 
21, Major Deegan, Triboro Rridge - Ci.ty Lirwlu, N, Y. 6 
24, Boston Centrnl Arte ry, Hass, 4/6 

New Jersey Turnpike 6 

Penn-Lincoln Parkway Wl'St, Pa, 
25 , E111barcadero, San Francisco, Calif. 
26, Hollyi,mod Freeway, Hollyvood, C;,lif 
28 _ Harlem Ri.ver Drive, N, Y . 
JO C.il.,..et Skyway, Chicago. Ill. 

4 

' • 4/6 

• 
11

Nwnbers relate to data points on Figs. I, 2 , and ) , 

Lengch "· Construe-
(miles) Date .... 

61 "" zoo 
25 1965 180 
74 1961 
25 196\ JO 
44 1962 25 

24 1962 )5 , !lo 
J2 l962 " s . 4 1962 120 

2, 6 1960 15,6 

12, 1959 445 

2.J 1956 12 . 1 
14 1959 44 
J,4 1960'• " 2 . 1 1958 lL 
1,4 1958 ,., 
4.1 1951-58 100 

' 1957 106 
9.4 1958 90 

42,9 1958 76,). 
30.7 1958 54 

' ·' 1965 " 08 1927 1,75 
, . o 193) 18 
2 . B 1932 l2 ,., 1937 24 , 3 

7 193) 
7 19JJ 20 ,., 1962 20 

45 19)8 l) 

, . 2 1940 ,.2 

)) 1940 70 

1 , , 1951 ,., 1956 bJ . 6 
2.B 1953 14 , B 

118 1951 "' 
,.2 l95 J 14 

'·' 1954 lJ , 7 
8,1 l9 S5 27 ,., 1956 20,4 . 1958 106 

0
s - Suburban; R • Rural; UHD - Urban, High Density; ULD • Urban, Low Density . 

cData froin Los Angeles T1Ees, Decen1ber l962 , 

TABLE 2 

Lane -
tll l• 

0,44 
2-) 
0 . 11. 
O,JO 
0 ~1" 

O.J7 
o . Jt. 
I.? 
i _o 

0.69 

2. , 
0,45 
2., 
0 , 1!9 
0.1 

4 . 9 

1, 5 
1.4 
o.J 
0 . 29 

1 , 2+7 
0.55 ,., 
0 . 75 
o., 

O.bt. 
0.72 
0.44 
0.06 

0.21 

0,42 

,., 
1.4 
1, 1 
0,Jb 

0.J8 
0,45 ... 
1. 6) 
1.65 

1X~:llgf 
S•R 
UIID 
s 
s 

S-R 
S-R 

\JttD-LD 

llllD- S-R 

l/HO 
s 

OHO 
lJHD-LD 

~,o 

~,o 
~IO 
s 
s 

UCO 
ULD 
ULO 
ULO 
l/HO 

ULO 
UCO 

R 
s 

OLD 

ULO 

ULO 
UCO 
ULD 

UUl 
l/HD 
l/HO 

E!fR Rf'f~ffllC• 
» .. , • Ptglo 

l/25/62 " L/25/62 " 1/25/62 " 1/25/62 " 1/25/62 " 
1/2B/62 141 
1/21!/62 142 
1/28/62 142 
L/28/62 49 

2/19 / 59 78 

2/19/59 78 
2/19/59 " 2/L9/59 " 2/19/59 " 2/L9/59 42 

1/1)/58 '" 
2/1)/58 180 
2/13/58 "' 2/IJ/58 194 
2/lJ/58 194 

4/L9/62 25 
4/)0/25 7)) 

6/12/JO 97) 

L2/17/JI 952 
l0/14/)7 616 

t./27/JJ rn 
t./27/JJ "' (o) 
t./27/J) "' 
B/15/40 20) 

7/Ll/t.0 60 

3/17/t.4 l21 
2/16/56 149 
2/1/,/52 109 
2/14/52 lLO 

2/14/52 lLO 
2/16/56 16) 

2/16/56 
2/16/56 149 
2/16/56 149 

Re,aark,-

Cost multiplled by 2 for contlngencicl'I 

Ext ension 
Ri ght o f wa y acquired at a l most no cost 

on <. x lsting ro.1dvays 

Not plotted 

Double- decking cut Landacqulsltioncosts 
ln hat! 

2nd portion may include right-of-way 
cost: p Lotted only $3 , 5/lane~mi le 

Has rail li.ne .:Im.in median divider 

Cos t multiplied by l , ) fo r con t lngencies 

Proposed but never bullt due to Depression 

Fortion over Santa Hon(ca ITIOunt•ins 
Ls nd acquisition co5ts ~re 1/1 of 

construction 
Rlght of way cou 1/2 of construction 

IC•l-bu l•d co:u o( t,11, CIIIUUttHl• •H 
Uo ,dl ll'H 

\ s t portion; free right of way; elevated 

DATA ON SOME HIGHWAYS (INCLUDING RIGHT-OF-WAY COSTS) 

(Numbers In brackets Indicate estimated breakdown of total project costs) 

11,•-- U>ll •.n•• 

~!: ~::!:1;,:::;:y,'._,~t::!:!:; ~•~:! Fedu, Calli. 

n, coldca Stote l'r•e.,.r, a..11. Ksl•bu, i.- Ange lu, c.1u. 
34 , Goldco St•U l'rc .,...y, a1 n nld1 or. , '- An1td11, Cellf. 
J:.. \lob111portlooafl11tu1Ut1 Syet-

J6, s,nu 14«,lc• f,u.,.y, l,.o1Anaelu, Cell( . 
JI, N-lKnto..vay,1.ondoe-Bl...J."11,t-,Englond 
JII, Poudcn• (f.a1t-lle1t) Fuev,y, C1\lfDrnl1 
J9 , u,...,, Ka11b..otton Crauto"" &.pnu .... y, ~. 'I , 
40 , Nld-ft.anhatt111Crouto......bpru,.,.y,N o. 'I , 

P,n • ~,t F..11,1 • 1 ... v Ctrw11uo - l'roooect , No 'I , 
42 , Karin• rrenay, Culv1r Clty, Call[ . 

~: ~~~:tE:~~•;::::: ~~~~:::: ~!!: 
&S. South (R)ln) t:Jipnu-y, Chicago, Ill , 

• ro~;::--•~~~":::t~" l.o• Ang1Ju, Calif• 

41 . ii..11,..._i 

::: ~=t:•:::,.,. 
~. W1<1f! Buch 

:.1. llarloor 
52. roatblll 

~: e!..~~!e 
S5, Calondo 

,., """'""'_ ......... 
\lraaklyu-Que..,.1h1'<.,1vay, N.Y. (Totol) 

511. a.ttery•ll.aol<l,-n 't'w>~<!I lD 11,.,.,u,.. Bridie 
5,. BrooUy,,,B<ldse roM,vy st. 
Ml. Mavyto SUo"" 54: , 
61. a.c,,tro«ltoGc•odA'f'e, 

Looi1hlaadl:.ilpru.-,, M, T. ('l'uUI) 
62. QHODo-fll•h- T-L tu •rooUyn-()nren• bpuu,_y 
6J. Bn..,Up-Quo,uu e.r,~ .. ....,, tu Q,N,..,• Blvd. 
64 , Q,,eea1 Uvd, toGnu<I Ce,,,u1l rnkvay 
65 , Cund C:eatrol l'u\,.y to:, lMth St . 
66 , U6th St to Puoun• •i.d. 
67, Pono,,o Rlvd 0 to l'NlthSt1 
611. l90thSt , toC\ancdolel.d . 

Ungth 
(•Llu 

B n6l 
I -- 19SI. 
I -- 19SZ 
B -- 19H 

t..llft••-'-1" 
C..H t otl .. te 

t:~;•m~!e!!11e 
., • , 14 

~!!~;::=. 
t~!~foni ~!.!~ill 

0.11 l.lUl 
o.5 UUl 
U.ll 1/tJ> 
0.46 Ul.tl 

S. l 4,200 1961 10,000 0 , '-1 l,600 

17, 1 l96~ 
10 l961. .. 

O S 38 

.. , 
"-" .. , 19H 

1959 
1939 

2 5-l. 5 JI 1.5-2, 5 11110 
J , 2 JJ 2.7 IMII 

~ : ~ ~::! 
16 , 5 L960 15,6 1961 
11 U6l 

" " m 
m 

'" 

" '" 0, 95 

'·' o,ee 

Z9.6 
11.6 
S),1 ... 
19.1 

16 0.)4 
37 0.40 

IU,6 0.11 
"6.B Z,J 
]] 0.15 

,., ,., ~:t ,., 
61,lo ,., 

12.J -- 94 

!:: !:"J:: 'Jll 
!:~ ::~:!: l!f' ... 

I -- 1'1'11 -1,.l 
-1, 19111/SO (n] 

19';1,/~R [ ).)) 
1955/59 [~] 

1.1 1954/SJ [).)) 
1.1, 1956/59 [4] 
1.9 lQ~ll/60 [9,S] 

0.21 
0.49 
0.)5 
0.15 

'·" 
1.11 

'·' ' 
0.)J 
0.41 
1.lJ ,., 
0.BJ 
0.Sl 
0.0 
0.8) 

,s 

" .. 
,o 0,)2 

H.6 0,lB 
,1.1 0.2' 
Bl.J 1.2 
2J,2 

" .. , ... 
"' ,., 

26.~ 
(10.7] 
{J.4] 0.5 

~~:!l O.rl .. 
0.95 
l•J 
[I.Ii) 
(2.li] 
[1,6] 
[Z.J] ,,, 

... 
' 

"-" 
"-" 
OU, 
OU, ,,.. ,,.. 
"-" 
ow 
"-" 
"-" 

t.o• ~dull-•• Put U, \/26/61, p. l 
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Figure 1 . Construction cost of urban highways (numbers keyed t o entries in Tables l 
and 2). 

It is interesting to plot the data on urban highways and freeways of Tables 1 and 2 
through the more densely populated areas-as was done in Figures 1 and 2-leaving 
out all narrow expressways and suburba n and rural highways and roads. The plot of 
total project costs of urban highways (Fig. 3) appears to be scatter ed over a wide pat­
tern; nevertheless, it shows a painfully well-known fact, that even the lowest costs of 
building an expressway through densely populated areas are inexorably rising with the 
passage of time. 

Construction costs of urban highways have exceeded, both in rate of growth and in 
magnitude, all other analogous costs of general construction and building (Fig. 4) and 
seem to parallel the wages of construction equipment operators-wages that in the past 
decade have doubled in magnitude and increased linearly in time. This has come 
about through the steep rise in the demand for speed, safety, and comfort by the 
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Figure 2 . Land acquisition cost of urban highways (numbers keyed to entries in Tables 
l and 2). 
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and 2). 

motoring public, which is reflected in a widening and upgrading of design specifications 
for freeways. 

Adopting the lane-mile as the common denominator for initial costs of urban free­
ways is an oversimplification that neglects a large number of other local factors in­
fluencing the cost of demolition, land, and construction for surface highways: 

1. Emergency parking shouiders-'Ihese may vary from no provisions at all (com­
mon in some eastern cities) to as much as 8 ft or more (required in some western lo­
calities). 

2. Median-strip allowance-Again this may vary, even within a single locality, 
from a meager 2-ft curb with a bounce-back fence to as much as a 100-ft swath, com­
plete with extant rail lines . 

3. Slopes on cut or fill-In many instances this necessity of construction requires 
more than half of the right-of-way of the whole highway . 

4. Number, frequency, and elaborateness of interchanges, on- and off-ramps, 
bridges, and other crossings-In the distant future, as intersecting freeways prolif­
erate, interchange costs might well become a more important cost indicator than the 
total amount of lane-miles. 

5. Unneeded increment in right-of-way-This is caused by the availability of lots 
and their dimensions in integral multiples. 

Highways were classified by dollars per lane-mile because this criterion appeared 
convenient for vehicular tunnel costs also (as exemplified later by the tighter grouping 
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of tunnel cost data when plotted on this basis), and this was a common descriptor for 
the ultimate cost comparison of surface vs underground highways. 

Urban highway costs could be predicted for a couple of decades in the future if de­
sired, since the indicators (mostly vehicle design trends and consumer preferences) 
are foreseeable and steeply graded upward. For example, automobiles will be far 
more powerful, maneuverable and economical to operate than today's cars, and each 
of these sizably upgraded characteristics requires in turn a proportionately more ex­
pensive freeway design. 

The continuing or running costs of operating urban highways may be divided into 
two groupings: 

Group I-Policing and patrol, debris and wreck removal, pavement repair and paint­
ing, sign maintenance, emergency call system, traffic control and pacing, and mis­
cellaneous; and 

Group II-Snow and ice removal, fence and guardrail repair and upkeep, and mainte­
nance and landscaping of medians, borders, and lighting. 

The first group comprises expenditures common to both conventional on-the-surface 
and underground highways. Since these costs may be nearly equal for aboveground and 
subterranean urban expressways, they need not be evaluated in a comparison, even 
though they are quite significant in other contexts. The second group consists of some 
of the continuing operational costs of highways that may be avoided in driving cars 
under cities, rather than on their surface. The loss of tax revenue from property 
and land wiped out by a freeway has not been included in the continuing costs of high­
ways, since it is seldom associated with expressway operation and might actually be 
redistributed to outlying areas in the form of derivatives from driver benefits. 

Considering then only Group II expenditures, winter maintenance looms as a major 
item in non-California localities, and in Southern California landscaping maintenance 
costs constitute the major portion of operational costs. This portion of conventional 
maintenance costs has been lately between $500 and $2, 000/lane-mi/yr and could 
be eliminated if freeways were to be operated underground (though other costs, such 
as for ventilation and lighting, to be discussed later, would arise that are not en­
countered on surface roads). 

COST OF VEIITCULAR TUNNELS AND UNDERGROUND HIGHWAYS 

The initial capital project costs of some vehicular tunnels were compiled in Table 
3. Projects outside the United States were included in this listing to show the disparity 
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Name and Location
11 

1, Allegheny No . 2, Pa . 
2, Norfolk - Ports1110uth, Va. 
]. Sasago Mountain, Tokyo - Kofu, Japan 
4 , r ... r z: ~4' t•J.ah , 'F I ... . 
S. 2nd Lincoln Tube, Mi.dto\<fll N. Y. 

6 , Han-.c:,,, :,lew Orleans, La. 
7 . SU1111lcr Tunnel, Boston, M11ss, 
B. Callahan Tunnel, Boston, Mass. 
9, Patapsco River, Baltimore, Md. 

10 , Fort Pitt, Pittsburgh, Pa, 

ll , Mt . Washington, Pittsburgh, Pa. 
12. Mont Blanc, Italy - FE"ance 
13 . Ka[l.!11011, l[o(lshu - Kyushu, Japan 
14. IJsselITTeer, Amsterdem 
15, C11on~unn1ill, A1110~"1"df1 111 

16 , Grand St. Bernard, Italy - Switzerland 
17 . Viaduct under Dallas-Fort Worth Airport 
18 , Holl.!md Tuf]nel, N. Y, - N J 

19 , Liberty, Pittsburgh, Pa , 
20 . N'acro1o1s, Brooklyn - Staten Island, N . 'i . 

Mersey River, Liverpool, f.ngland 
~2 . 1st Lincoln Tube, Midtown N. 'i. 
2) Transmanhattan (under )7th St . ), ti . 'i 
24. Queens, Midtown, N , Y, 
25 . Brooklyn-Battery, N. Y, 

26 , Broadway Tunnel, San Francisco, Calif, 
27 ]rd Bore, Broadway Tunnel, Alameda -

Contra Costa, Cali£. 
2B , Hazelview Sunmit, Crescent City, Calif. 
29 , San Becnardino, Italy - Switzerland 
JO . Splugcn, Mllano - Zudch, Italy -

S1o1itzerland 

)1 . Lam.Ion Tcansport System, Finsbury Park 
Segment, EnglamJ 

TABLE 3 

DATA ON SOME VEHICULAR TUNNELS 

Comple-
Length tion Cost (111illi.on8 of $) DIR R11[1tnnh 

Lanes (Et) Date Project Lane-Mile Dlt<t P<11 gl'. 

4 
2 
Jb 

4 ,, 

6,070 
4,200 
9,750 

864 
6,000 

1,080 
5,440 
5,500 
7,650 
],410 

5,000 
]8,050 
11,420 

8,200 
l,,?lTI 

19,000 
813 

],100 

5,890 
10,400 

11,)00 
6,000 
7 , 000 
5,000 
9,200 

1,620 

J,]00 
1,890 

21,000 

]0,000 

5,JOO 

1964 
1962 
1959 
1959 
1940 

1957 
19]4 
1960 
1957 
1957 

1957 
196) 
1958 
1967 
Jq(;/, 

1962 
196] 
1927 

19]0 

""' 
19]5 
19)7 
19]0 
1941 
1951 

195] 

1964 

~::!d 

1961 

B.2 3 . 5 
22 69 

3.6 0 . 97 
6.5 10 

29 12.7 

4.5 5 5 
25 12 , 2 

14 
130 22 

10 J B 

I) 4 . 5 
40 2 , 7 
22 4.1 

]9 , 5 6 , J 

'7 
16 2 , 2 

1.4 1 , 5 
48 20 

JO .. , 
J4 4 . J 

JO 4 7 

~6d 
16 . J 

6. J 
21.] 5 . 6 

11 45 

5 , 2 4 .2 

10 
4 5. 6 

9-15 1.1 - l . 9 

"' , .. 
2.8 1.4 

9/20/62 
l/25/62 
J/19/59 
2/19/59 
B/26/)7 

2/lJ/58 
4/24/JO 
l/25/62 
Z/13/58 
2/lJ/SB 

2/13/SB 
5/Jl/62 

(c) 
4/19/62 
'i/Jq/f,? 

5/12/62 
5/5/62 
6/J/20 

S/2li/]0 
5/7/25 

22/12/25 

ll/16/D 
]/1/Jt. 
9/9/]7 
7/8/37 

]/17/49 

]/17/49 

(f) 
(g) 

]/26/59 

J/26/59 

(h) 

107 Competent rock; excavation, $10/yd '.] ; complete job, $60/yd 
94 Soft rock under river 

lJO High mountain rock; lo1o1est labor coats (1/8 of U, S.) 
88 Under river; not plotted; data unreliable 

J]O Shield-driven; sec22 for 1st tube 

161 
702 Competent rock 

94 Cost assumed 40% lower than pri.cc; plotted as $10,000,000 
161 Much tt"ench aml (ill; not a "1kiv,:,n" tunnel; not plotted 
174 

1
;~ ~~;~;hle protogine; low labot" cost (1/2 of U,S ~) 
-- 150 ft below sea level; assuming 2-l/2 lanes 
li7 Below sea level; prefab caissons 
" ' 111.,- ) _ .... .. , ,, ..... , 

Highest tunnel; low labot" cost (1/2 of u . s) 
-- Cut and fill; trench aml fill; not plotted 

1127 Sunken sections; first under water in U. S . 
697 
764 Seai i.competent geology 
280 Pt"oposed tlate; cost could be as high as $6,000,000 

58 Under rive~ 
)04 Undet" Hudson River; see 5 for 2nd tube 
444 Proposed date; tunnel nevec built 

Undct" East River 
12J 

127 COl!lpetent rock; San Andreas and Hayward Faults 

-- Incompetent geology 
-- Co!llpetent rock 
]4 COl!lpetent rock; not plotted; plans only so far 

J4 Competent rock; not plotted; plans only so fat" 

-- Clay end mud; a drilled subway; not plottcd 

in costs between tunnels in the United States and others (due primarily to labor wage 
differentials). The costs here include the complete turn-key project (excavation, lin­
ing, pavements, lighting, ventilation equipment, turnarounds, etc.). 

As with highways, the plot of the data from Table 3 (Fig. 5) exhibits a sizable 
scatter in the costs of tunnels, and only hints that the trend, in general, might be 
downward for American projects and uncertain for other countries. But, as before, 
there seem to be definable, though broad, bounds on vehicular tunnel costs in the 
United States, the lower of which tends to be some $2 million/lane-mi higher than 
costs outside this country. The upper bound generally represents shield-driven or 
sunken-type tunnel construction, and the lower bound represents driven tunnels. 

The rate of decrease and the relative magnitude of vehicular tunneling costs can be 
explained in terms of ever-increasing mechanization of excavation and haulage, steady 
improvement in anticipating geological problems, and increased productivity in the 
country. That the costs seem to have bottomed is also explainable by dissecting the 
components of tunnel project cost. A comparison of entries 3, 12, 13, 15, 16, 29, 30, 
and 31 with American tunnels in Table 3 indicates that wages still constitute one-half 
of the capital tunneling cost in Europe and three-fourths of the United States tunneling 
costs. In other words, there is much to be gained by increasing the mechanization of 
tunnel boring, as recommended later. In addition, there is evidence that the cost of 
nonvehicular tunnels seems to be made up of two-thirds for excavation and one-third 
for lining, whereas for vehicular tunnels, the proportions might be one-half for ex­
cavation, one-fourth for lining (if lining is required), and one-fourth for roadbed and 
utilities. 

The continuing or operating costs of vehicular tunnels may be divided into two 
groupings as was done for surface highways; the first comprises expenditures that 
are met on surface highways as well and the second comprises expenditures unique 
to vehicular tunnels: 
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Figure 5, Cost of vehicular tunnels (numbers keyed to entries in Table 3) , 

Group I-Policing and patrol, nighttime lighting, debris and wreck removal, pave­
ment and lining repair and maintenance, sign maintenance, emergency call system, 
traffic control and pacing, and miscellaneous; and 

Group II-Daytime lighting, and ventilation. 

As was done earlier for highways, only Group II costs need to be evaluated in this 
comparison between surface and subsurface highways, since comparable Group I costs 
are being incurred in surface highway operation. Lighting costs amount to a small 
fraction (1/20 to 1/10) of ventilation costs, leaving only ventilation costs as the major 
operational expenditure to be evaluated vis-a-vis the Group II costs of surface high­
ways. 

The ventilation provisions for long vehicular tunnels average at present about 80 
to 90 cu f t of air per vehicle-mile, though in most cases this fresh air supply is gross­
ly inadequate. Probably 150 cu ft/veh-mi would be a more satisfactory supply in the 
future; this conesponds lo a ventilation power expenditure of about 6 w- hr/veh-mi. 
Assuming a tunnel traffic utilization of 5 x 106 veh/lane/yr (the r ecent integr a ted 
a verage fo r Manhattan access automobile tunne ls) and an electricity cost of $0. 015/ 
kw-hr, the power costs fo r ventilating a modern tunnel would be (6 w- hr/veh- mi) x 
(5 x 106 veh/ lane -yr) x ($ 0. 015/kw-hr) x (10- 3 kw/w) x 10- 2 

= $450/lane-mi-yr. The 
total ventilating costs, including personnel, blower maintenance, and replacement, 
are double to quadruple the power costs alone and, thus, probably amount to some 
$1,000 to $ 2, 000/lane-mi-yr by good and ample ventilation standards. These numbers 
are comparable to the Group II maintenance costs for surface highways. 

Having observed that the operating costs of underground and surface highways are 
comparable, it might be worthwhile to summarize and compare capital costs of auto­
motive tunnels and freeways. Replotting the entries and the bands of Figures 3 and 5 
as in Figure 6, one notices that (a) the bands tend at present to merge, (b) cost dif­
ferences between tunnels and new urban surface roads may be indistinguishable before 
the end of this century, and (c) tunnel unit costs are presently still decreasing, where­
as highway costs are increasing. 
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Figure 6 . Cost of aboveground and underground highways in the United States. 

The causes for these cost trends need carefui investigation because they impiy that 
automotive and bus travel and storage may soon be cheaper when conducted deep under­
ground, below the central city. Our prediction is tempered only by factors that might 
seriously alter cost-curve slopes in the time period while underground systems are 
being considered. For example, it is clear that highway costs rise with increases in 
land values, demand for accessibility by car to urban areas, performance and con­
venience of passenger cars, wages of skilled operators of construction equipment, and 
general inflation. 

Similarly, though tunnel construction cost is at present decreasing because of 
mechanization of tunnel driving and new boring technologies, this may only be a tempo­
rary situation, and in the future tunnel construction costs may also start going up for 
the very same reasons that highway costs are increasing today. 

SOME DESIGN CONSIDERATIONS OF FUTURE URBAN-HIGHWAY TUNNELS 

As an illustration of the features of future hypothetical underground urban highways 
and parking spaces, it might be interesting to imagine the construction of an eight-lane 
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throughway, four lanes each way in each of two separate tubes or a more modest six­
lane expressway of two tubes with three lanes each, as shown in Figure 7. 

The assumption was that tunnels are machine drilled by a rotating mole rather than 
by the older manual labor-oriented procedure of pilot-hole drilling, blasting, benching, 
and muck removal. A 15-ft clearance is provided for the 12-ft wide lanes plus a 2-ft 
curb at the walls. These tunnels require prior development of counterrotating rock­
boring machines, 21 to 27 ft in diameter, a technological feat that could be accom­
plished in the late 1960's, given enough research and funding impetus, and whose de­
sign is the main recommendation in this report. 

The excavated cross-sections may vary from about 1, 200 sq ft for the four-lane 
tube to around 750 sq ft for the three-lane arrangement. Both cross-sections are 
less than the 1, 600 sq ft of a machine-driven outflow tunnel for the Mangla Dam in 
West Pakistan; the lower number is comparable to the 700 sq ft already driven in com­
petent rock in the United States. 

To excavate these tunnels in deep competent rock by present-day quasi-manual 
techniques might cost from $15/cuydfor, e.g., the Chicago subsurface to $20/cu 
yd for the Eastern littoral, whereas the finished tunnel (i.e., all debris removed and 
disposed of, tunnel roof lined, and roadways and utilities installed) could easily run to 

Figure 7. Layout of three - and four-lane machine-tunneled highways . 
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three times as much. So, in this decade, without machine boring, vehicular tunnels 
would cost about ($15 to $20/ cu yd) x 3 x (250 to 300 sq ft/ lane) x (5,280 ft/mi) /27 
cu ft/cu yd or about $2. 2 x 106 to $3. 5 x 106/lane-mi-near the lower band limit in 
Figure 5. With a well-planned, long-range development program under the proper 
incentives and funding directed toward highly automated tunneling in hard rock, it 
would be logical to assume that the costs shown in Figure 5 could continue to drop in 
time, rather than to level off. The objectives of a tunneling machine research program 
aimed specifically at cost reduction (as recommended here) might encompass the de­
sign of: 

1. Tunneling machines with counterrotating "bootstrap" drills (prototype example, 
Figure 8); 

2. Continuous belts for conveying broken rock (muck) to prepared sites; 
3. Lining and/or roof reinforeements for large-size l.Jores thal ean !Je 1.:u11li11uuusly 

emplaced by moving rigs closely following the drill; and 
4. Prefabricated and standardized roadway slabs, fed continuously in long sections 

to a progressing machine that locates, levels, aligns, and firms them into place. 

Though tunneling machines cannot at present bore vehicular tunnels in hard rock, they 
have a potential of halving excavation costs and could drive vehicular tunnels at satis­
factory speeds, possibly as high as 1 mi/mo. 

Figure 8. Bootstrap miner . 
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These recommendations for designing vehicular tunneling machines may be com­
pared with present-day capabilities of single-hole boring machines ("moles"). The 
larger of these machines provide these advantages: 

1. Safety beyond the drill-blast method-The smooth, round, and unshattered open­
ing is inherently stronger than the equivalent blasted hole, and rockfall and lining re­
quirements are greatly reduced. Also cutting, rather than blasting, minimizes the 
damage and faulting on the roof and sides of the hole and avoids damage and tremor 
inconvenience to surface property above the tunnel. 

2. Precise excavation-In a concrete-lined tunnel, large amounts of concrete can 
be saved that would otherwise have to be used to fill the highly irregular and jagged 
voids beyond the required dimensions. 

3. Low labor costs with the smaller crew needed-These have resulted in excava­
tion costs as low as $10 to $12/ cu yd in shale. 

4. Rapid tunnel advance-Cutting rates as high as 150 ft/day have been recorded, 
and operating times as high as 50 percent have also been achieved in sedimentary 
rocks. 

5. Better muck removal-The uniformly broken rock from the borer improves 
haulage and permits belt conveyal. 

It must be remembered that these characteristics have already been demonstrated 
by tunnel borers of rather modest specifications. For example, most borers made in 
the United States and the Soviet Union are less than 10 m in diameter, powered with 
less than 1,000 hp, capable of advancing less than 12 ft/hr in limestone, shale or 
sandstone, and cost less than $106

• 

Besides the suggestion for designing, fabricating and testing an automated tunneler, 
liner and roadway installer hopefully to cut further the costs of urban underground 
highways and parking facilities, some thoughts are offered on making these complexes 
more pleasant, safe, efficient, convenient, and cheaper to operate than surface roads 
by exploiting the subterranean environment. 

Adaptability to Mass Transit Systems 

Since these tunnels duplicate the desired route of mass transit systems, one or two 
of the lanes can be used for bus operation, or if the demand develops, for convoys of 
interlocked buses, or even for rail mass transit. The downtown visitor could be given 
at least the choice of driving his car and paying for fuel and underground parking fees 
or of riding more cheaply but inconveniently in a collective-transport vehicle. Traffic 
experiments on each route could quickly and continuously determine the optimum mix 
of private and mass transit vehicles. 

Construction Without Interruptions 

Tunneling does not disrupt the established patterns of surface activities in con­
gested areas. Bores and parking caverns placed well below the network of utilities 
(water mains, power lines, sewers, gas and telephone conduits, and building founda­
tions) do not necessitate expensive road detours. Work in underground facilities 
progresses steadily in all seasons and is immune to the vagaries of weather. 

Possibilities for Land Reclamation 

The broken rock that is drilled out of the bores can reclaim much urban land in the 
form of causeways, swamp fills, new airports on fill, beach-stabilizing jetties, etc. 

Traffic Control Through Television 

Central traffic surveillance and control by closed-circuit TV should be easy in the 
closed loop of subterranean freeways and parking facilities, since observing cameras 
installed almost at will above and along each lane and parking area open many possi­
bilities for economical and efficient operation. One can think of the automated billing 
and collection of toll fees and parking charges, the opening and closing of on- and off­
ramps to the suburban surface and to the parking facilities, instruction to motorists 
as to safe speed, shifting of directional signals, and the instantaneous detection of 
accidents, vehicle breakdowns, and location of roadway debris. 
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Overhead Patrol Cars 

Policing and patrol cars could be designed for high-speed travel in either direction, 
suspended from electrified rails in the tunnel ceiling and traveling above clogged and 
jammed lanes to points of obstruction (Fig. 7). Such electrically driven capsules, 
containing patrolmen knowledgeable in first-aid, and fully equipped with extensible 
ladders, stretchers, grappling hooks, and medical supplies, could reach a disabled 
vehicle on the road, render medical or other assistance, and lift or tow the vehicle 
to the first turnoff by means of the telescoping arms. 

Access to Surface 

Freight loading and pedestrian exits must be provided in abundance, since there are 
no surface exits to the inner city core from the underground system. Each building 
complex would have to provide large-capacity freight elevators directly to these docks 
and truck turnoffs. Moving stairs, ramps, and unattended passenger and freight ele­
vators would service groups of buildings from the parking caverns by vertical elevator 
shafts drilled from below. 

Lighting and Perception 

Lighting intensity in the tunnels could vary gradually from very bright near the 
suburban exits and inlets to rather dim in the middle of the travel areas, letting the 
driver's eyes adjust to the variation and cutting down the lighting bill. Driver-stimu­
lating murals might be considered to relieve claustrophobia, loss of perceptual aware­
ness and monotony. 

Wind and Weather 

The absence of ice-melting salt sprays will be beneficial to automotive underbodies. 
The ventilation system should be designed to exploit the piston effect of all vehicles 
moving in a single direction in each tube and to save the motorist's fuel with greatly 
reduced windage losses. 

Exhaust-Gas Processing 

It would be technologically desirable to wash the ventilated air by water spray at 
the outlets. thus removing the water-soluble contaminants. Whatever insoluble nol­
lutants are' left (e.g., un;ombusted hydrocarbons) could probably be removed quite 
profitably by standard waste product recovery schemes, such as appropriate filters, 
precipitators, and separators. The recovered tonnages of hydrocarbons might be 
startlingly high-enough perhaps for some enterprising private company to undertake 
the purification and recovery process. 

Underground Parking Costs 

Since parking spaces hundreds of feet under the CBD are connected only to the free­
way tunnels as shown in Figure 9a, there would be no vehicular exits to the surface. 
Boring of parking spaces-a task as great as tunneling the roadways-should employ 
the same tunneling machines that would be used for the freeway. The schematic dia­
gram in Figure 9 indicates that a million cars would require almost 1, 000 mi of tunnel 
for parking, plus maybe another 500 mi of approaches, distribution roads, and inter­
changes for a total of about 1, 500 mi. If such tunnels can be bored and finished for 
$ 3 million/mi, providing underground parking would then cost $ 4, 500/ car, requiring 
a daily parking fee of about $1. 50 to $2. 50. 

High-Rise Garage Buildings 

Multistory parking garages cost only $ 3, 000/ space, exclusive of land costs, to 
build, suggesting as a more economic possibility for large-capacity parking in the CBD 
a high-rise parking structure connected directly to the tunnels by being dozens of stor 
ries below as well as above ground. 
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(a) Lobe of parking space 

Top view 

(b) Detail 

Sid• view 

Figure 9. Underground parking space for small and compact cars. 

A FEW EXAMPLES 

Here we shall consider three cities, assuming that most mass transit riders into 
Los Angeles, Chicago, and Manhattan have acquired automobiles by the mid-1970's 
and insist on using them at all costs to commute to work. This is a purely hypothetical 
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example and is the most extreme future concept that could be envisaged in the automo­
bile-vs-public transportation debate. It provides an enlightening endpoint in calculat­
ing the cost and other aspects of total take-over by automobiles, taxis and trucks of all 
urban travel in the three largest metropolises in the United States. At the present 
time in Los Angeles, 80 percent of the trips to work are made by passenger car and 
the urban complex is closest to the "all out for cars" situation. In Chicago, only half 
of the trips to work are by car, and on Manhattan, only 8 percent of the work trips are 
by car or taxi. Tokyo would have been a fascinating example, since less than 0. 5 per­
cent of the million daily trips to the CBD are by auto. 

A more detailed description of topics discussed here has been previously published 
( 1). 

Los Angeles 

The population density patterns of Los Angeles mismatch the geology favorable to 
tunnels, requiring tunneling costs possibly higher than the $1 million/lane-mi assumed 
before. On the other hand, mass transit use in Los Angeles by the mid-1970's is the 
lowest per capita estimated in the three sample cities-at its optimistic best, a million 
riders per day, i.e., 500,000 round trips vs the recently estimated 700,000 riders 
per day. 

A typical urban highway (such as the Congress Expressway in Chicago) can handle 
12, 000 veh/lane-day, averaging 1. 8 passengers per car. With automotive evolution 
and population pressures, these numbers will be, by 1975, probably 14,000 veh/lane­
day and 1. 9 passengers per car; i.e., 27,000 persons per lane-day could penetrate 
subterraneously any area provided with sufficient parking space. This estimate agrees 
reasonably well with the projected number of 32, 500 individuals per lane-day using the 
Santa Monica freeway by the mid-1970's. 

Choosing a figure of 30, 000 commuters per lane-day, the Los Angeles requirement 
in a dozen years would be 500, 000/30, 000 or 16. 5 lanes in one direction plus perhaps 
another 7. 5 in the opposite direction (assuming midday lane reversal), for a total of 
24 lanes feeding into the elongated CBD of Wilshire Blvd., downtown, and Hollywood. 
It can be calculated that about 1,000 lane-mi would be required connected to 500,000 
parking spaces under ground at $6,000/stall. The cost in Los Angeles of this addi­
tional transportation system would be ($ 106 to $2 x 106/lane-mi) x 1,000 + ($6, 000/ 
car) x 500,000, or $4 billion to $5 billion, with two-thirds of the cost going into the 
parking spaces. 

Chicago 

The central Chicago district is penetrated in the peak morning hour or abandoned 
in the peak afternoon hour by about 200,000 individuals using public transpo,:tation. 
By the middle of the next decade, possibly¼ million commuters may be riding mass 
transit vehicles in the maximum hour. When it comes to utilizing the Congress Ex­
pressway, Chicago car drivers seem capable of moving 2,000 veh/lane-hr under the 
besl cu1u.liliuns aud usually average very close to 2 passengers per vehicle. Dy 1975, 
then, accounting for trends in automotive development, some 5, 000 individuals per 
lane-hour would be saturating the freeway's capacity. 

Chicago's geological makeup is almost ideally suited for tunneling; throughout the 
basin, the bedrock is at the most only a few dozen feet underground, and the rock is 
well constituted for machine boring-soft enough to cut readily and strong enough to 
require minimal lining. Thus, we may conceive of the hypothetical transfer of all 
Chicago public transportation to individual automobiles and buses driven and parked 
underground. 

Converging on the CBD might be 250, 000/5, 000 or 50 lanes one way and possibly 
10 lanes the other way with midday lane reversal, for a total of 60 lanes into the center 
of Chicago feeding into ¾ million parking spaces. If this underground network were to 
parallel the present mass transit facilities a rid parking were provided to serve the 
present daytime Jnhabitancy peaks, some 1,300 lane-mi would be required (at a finished 
cost between $10° and $2 x 10°), plus $3 or $4 x 109 for the parking spaces. Again, 
as in Los Angeles and Manhattan, parking room is the major component of the system 



in costs and bored space, amounting to two to three times the freeway tunneling 
costs. 

New York 
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Under most of the New York City area there is competent bedrock, harder to bore 
than Chicago's bedrock but cheaper to line and repair. Many New Yorkers are con­
ditioned to high-speed travel in tubes; traffic densities in the Brooklyn-Battery and 
Queens-Midtown tunnels even exceed the local bridge traffic experiences of 5 million 
veh/lane-yr, and occasionally automobiles have achieved the transportation of some 
30,000 persons per lane-day assumed in an earlier example. 

About 1. 5 million people go to work in Manhattan; almost one million do so in the 
peak hour, and only 7 to 9 percent of these people use their automobiles or a taxi. 
Since about one-third of these workers reside in Manhattan proper, it may be assumed 
that only 1 million commuters might want to use theiJ• car to go to work-if given ample 
(but costly) roads and parking fac ilities close to U1eir destinations-and could use some 
½ million automobiles in their com muting trip. P rojections for the next decade do not 
indicate a radical change in these numbers, indicating that the ½ million parking spaces 
that would have to be created would require about 800 mi of three-lane tunnel s , costing 
$2. 5 to $3. 5 x 109-one-tenth of the cost of putting an American on the moon. Some 
500 to 1,000 lane-mi would be required by 30 to 50 lanes and total system costs (parlc­
ing and roads) would be between $ 3 x 109 and $ 6 x 109

• This underground automotive 
system could be paid for by taxing each car about $0. 005 per tube-driven mile, plus 
a charge of $2/day for downtown parking. 

CONCLUSIONS AND RECOMMENDATIONS 

A conclusion to be drawn from this study is that in the not-too-distant future it may 
be advantageous to place highways and parking hundreds of feet under the city core 
rather than on its surface or above it. Another conclusion is that the costs of providing 
all-automotive urban transportation and access to the central core are very high: 
though the multibillion dollar initial investment cost could be paid off by highway taxa­
tion and parking fees, the capital required for even a modest underground system is 
still well beyond the fiscal capability of local and state agencies. One may also con­
clude that only a major Federal agency could cope with the numbers, the cost-benefit 
considerations, and preliminary estimates of the economic attractiveness of urban 
land saving and reclamation, reduced construction costs, and increased income from 
renewed lane use, or exercise the engineering imagination and daring needed for test­
ing the concept. 

A final conclusion was that for every mile of new road into a densely inhabited 
area, a consistent requirement springs up for two or three times as much more area 
for parking. Since balanced planning would call for two-thirds of the total system cost 
to go to parking facilities, this might require a radical reorientation of the scope of 
highway agencies from primarily public road builders to include the role of public 
parking providers. 

It is recommended that a thorough study be carried out of subsurface highways and 
parking, from the technical, cost-vs-utility, social, aesthetic, and institutional view­
points. If such a study is to substantiate the promised efficiencies indicated in this 
analysis, it is also recommended that a design team of civil and mechanical engineers 
be given the task of developing and fabricating a three- or four-lane tunneling machine 
for hard rock. This boring machine should have integral provisions for fast and low­
cost muck and broken rock removal to a prepared site, and for an automatic lining in­
staller. A roadway installer would also have to be designed and constructed. This 
would keep pace with or be coupled to the tunneler, so that prefabricated half-tunnel­
wide slabs could be emplaced at the proper rate. 

On completion of the prototype tunneler, a car-critical urban site should be picked 
for a demonstration experiment. An eight-lane (two tubes) link between the Lincoln 
and Queens tunnels seems a most likely candidate, if a modest (e.g., 100,000 car) 
parking space without surface exits were jointly considered. The experience in boring, 
finishing, and operating this demonstration line might establish whether or not urban 
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traffic of the future should be carried on the surface of our cities (and choke them with 
traffic) or underground and preserve them. 

Our estimates of the price of these recommendations are as follows: 

1. Feasibility study of deep undergrouJ?.d highways and pa1·lting-less than $108
; 

2. Design and fabrication of prototype tunneler-from $10 x 106 to $ 20 x 106
; and 

3. Trans-Manhattan connector and mid-Manhattan 105 -car park-less than $10°. 
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