
!21 

//J?^HIGHWAY R E S E A R C H B O A R D 

Bulletin 221 

Planning and Development 

In Urban Transportation m 1959 

TB7 National Academy of Sciences-

National Research Council 
publication 68C 



. A / 7 ' 2 r 

HIGHWAY RESEARCH BOARD 
Officers and Members of the Executive Committee 

1959 

H A R M E R E . D A V I S , Chairman P Y K E J O H N S O N , First Vice Chairman 
W. A. B U G G E , Second Vice Chairman 

F R E D B U R G G R A F , Director E L M E R M, W A R D , Assistant Director 

Executive Committee 
BERTRAM D . TALLAMY, Federal Highway Administrator, Bureau of Public Roads (ex 

officio) 
A . E . JOHNSON, Executive SecreUvry, American Association of State Highway Officials 

(ex officio) 
LOUIS JORDAN, Executive Secretary, Division of Engineering and Industrial Research, 

National Research Council (ex officio) 
C. H . SCHOLER, Applied Mechanics Department, Kansas State College (ex officio. Past 

Chairman 1958) 
R E X M . WHITTON, Chief Engineer, Missouri State Highway Department (ex officio. 

Past Chairman 1967) 
R . R . BARTELSMEYER, Chief Highway Engineer, Illinois Division of Highways 
J . E . BUCHANAN, President, The Asphalt Institute 
W . A . BUGGE, Director of Highways, Washington State Highway Commission 
MASON A . BUTCHER, Director of Public Works, Montgomery County, Md. 
C. D . CURTISS, Special Assistant to the Executive Vice President, American Road 

Builders Association 
HARMER E , DAVIS, Director, Institute of Transportation and Traffic Engineering, Uni­

versity of California 
D U K E W . DUNBAR, Attorney General of Colorado 
FRANCIS V . DU PONT, Consulting Engirieer, Wanhiugtoii, D. C. 
H . S. FAIRBANK, Consultant, Baltimore, Md. 
P Y K E JOHNSON, Consultant, Automotive Safety Foundation 
G . DONALD KENNEDY, President, Portland Cement Association 
BURTON W . MARSH, Director, Traffic Engineering and Safety Department, American 

Automobile Association 
G L E N N C . RICHARDS, Commissioner, Detroit Department of Ptiblic Works 
WILBUR S. SMITH, Wilbur Smith and Associates, New Haven, Conn. 
K . B . WOODS, Head, School of Civil Engineering, and Director, Joint Highway Research 

Project, Purdue University 

Editorial Staff 
F R E D B U R G G R A F E L M E R M. WARD H E R B E R T P. O R L A N D 

2101 Constitution Avenue Washington 25, D . C. 

The opinions and conclusions expressed in this publication are those of the authors 
and not necessarily those of the Highway Research Board. 



AfcHIGHWAY RESEARCH BOARD 
I I , 

Bulletin 221 

^Planning and Development 

In Urban Transportation m 1959 

Presented at the 

38th ANNUAL MEETING 

January 5-9, 1959 

1959 
Washington, D. C. 



Department of Economics, Finance and Administration 

Guilford P. St. Clair, Chairman 
Director, Highway Cost Allocation Study 

Bureau of Public Roads 

A. K. Branham, Bureau of Public Roads 
Nathan Cherniack, Economist, The Port of New York Authority, New York 
Ellis Danner, University of Illinois, Urbana 
Harmer E. Davis, Director, Institute of Transportation and Traffic Engineering, Uni­

versity of California, Berkeley 
Philip M. Donnell, Engineer Director, Highway Planning Survey Division, Tennessee 

Department of Highways and Public Works, Nashville 
H. C. Duzan, Highway Cost Allocation Study, Division of Financial and Administrative 

Research, Bureau of Public Roads 
H. S. Fairbank, 2041 E. 32nd Street, Baltimore, Maryland 
Fred B. Farrell, Assistant Regional Engineer, Bureau of Public Roads, Chicago 
Yule Fisher, Research Counsel, National Highway Users Conference, Washington, D. C. 
Carl E. Fritts, Vice President in Charge of Engineering, Automotive Safety Founda­

tion, Washington, D. C. 
William L. Haas, Director of Administration, State Highway Commission of Wiscon­

sin, Madison 
Patrick Healy, Jr., Executive Director, American Municipal Association, Washing­

ton, D. C. 
R. G. Hennes, Professor of Civil Engineering, University of Washington, Seattle 
H. A. Humphrey, Senior Highway Consultant, Portland Cement Association, Chicago 
G. Donald Kennedy, President, Portland Cement Association, Chicago 
John C. Kohl, Director, Transportation Institute, University of Michigan, Ann Arbor 
R. W. Kruser, Deputy Assistant Commissioner, Bureau of Public Roads 
David R. Levin, Chief, Division of Highway and Land Administration, Bureau of Pub­

lic Roads 
Louis R. Morony, Director, Laws Division, Automotive Safety Foundation, Washing­

ton, D. C. 
Charles M. Noble, Secretary to the Governor, Ohio Department of Highways, Colum­

bus 
Wilfred Owen, The Brookings Institution, Washington, D. C. 
William D. Ross, Dean, College of Commerce, Louisiana State University, Baton 

Rouge 
Carl C. Saal, Chief, Division of Traffic Operations, Bureau of Public Roads 
Keith L. Seegmiller, National Association of County Officials, Washington, D. C. 
C. A. Steele, Chief, Financial Research Branch, Division of Highway Economics, 

Office of Research, Bureau of Public Roads 
J. Trueman, Thompson, Professor of Civil Engineering, The Johns Hopkins Univer­

sity, Baltimore 
Robley Winfrey, Chief, Division of Highway Needs and Economy, Bureau of Public 

Roads 



COMMITTEE ON URBAN RESEARCH 

E. Willard Dennis, Chairman 
Director, Sibley, Lindsay and Curr Company 

Rochester, New York 

George W. Anderson, Executive Vice-President, American Transit Association, New 
York 

R. R. Bartelsmeyer, Chief Highway Engineer, Illinois Division of Highways, Spring­
field 

Donald S. Berry, Professor of Civil Engineering, Northwestern University, Evanston, 
Illinois 

Walter F. Bogner, Vice-Chairman, Department of Architecture, Harvard University, 
Cambridge, Massachusetts 

Donald J. Bogue, Associate Director, Population Research and Training Center, Uni­
versity of Chicago 

George D. Butler, Director of Research, National Recreation Association, New York 
J. Douglas Carroll, Jr., Study Director, Chicago Area Transportation Study 
L. Perry Cookingham, City Manager, Kansas City, Missouri 
Harmer E. Davis, Director, Institute of Transportation and Traffic Engineering, Uni­

versity of California, Berkeley 
H. S. Fairbank, Consultant, Baltimore, Maryland 
Karl Gerstenberg, Director of Community Research, Federated Department Stores, 

Inc., New York 
Amos H. Hawley, Chairman, Department of Sociology, University of Michigan, Ann 

Arbor 
Frank W. Herring, Deputy Director for Comprehensive Planning, Port Development 

Department, The Port of New York Authority, New York 
Edward H. Holmes, Assistant Commissioner for Research, Bureau of Public Roads 
Joseph L. Intermaggio, Arlington, Virginia 
Sherman E. Johnson, Chief Economist, Agricultural Research Service, U. S. Depart­

ment of Agriculture. 
G. Donald Kennedy, President, Portland Cement Association, Chicago 
David R. Levin, Chief, Land Studies Branch, Financial and Administrative Research 

Division, Bureau of Public Roads 
John A. Logan, Professor of Civil Engineering, Northwestern University, Evanston, 

Illinois 
Burton W. Marsh, Director, Traffic Engineering and Safety Department, American 

Automobile Association, Washington, D. C. 
Harold M. Mayer, Professor of Geography, University of Chicago 
Howard K. Menhinick, Professor of City Planning, Georgia Institute of Technology, 

Atlanta 
D. Grant Mickle, Director, Traffic Engineering Division, Automotive Safety Founda­

tion, Washington, D. C. 
Robert B. Mitchell, Chairman, Department of Land and City Planning, University of 

Pennsylvania, Philadelphia 
Otto L. Nelson, Jr., Vice-President in Charge of Housing, New York Life Insurance 

Company, New York 
Paul Oppermann, Executive Director, Northeastern Illinois Metropolitan Area Plan­

ning Commission, Chicago 
Harold S. Osborne, President, Regional Plan Association, New York 
Wilfred Owen, Senior Staff Member, The Brookings Institution, Washington, D. C. 
Blucher A. Poole, Director, Bureau of Environmental Sanitation, Indiana State Board 

of Health 
Glenn C. Richards, Commissioner, Department of Public Works, Detroit, Michigan 
John M. Roberts, Professor of Sociology and Anthropology, Cornell University 



Victor Roterus, Director, Office of Area Development, U.S. Department .of Commerce 
Louis B. Wetmore, Head, Department of City Planning and Landscape Architecture, 

University of Illinois, Urbana 
Rex M. Whitton, Chief Engineer, Missouri State Highway Department, Jefferson City 



Contents 

MEASUREMENT OF CONGESTION IN TRANSPORTATION 
SYSTEMS 

Low don Wingo, J r . , 1 

Appendix A 18 
Appendix B 23 

THE CENTRAL BUSINESS DISTRICT AND ITS IMPLICATIONS 
FOR HIGHWAY PLANNING 

Raymond E . Murphy 29 

NEW ROADS FOR OLD CITIES: EUROPEAN E X P E R I E N C E 
Walter F . Bogner 33 

GENERAL PLANNING, URBAN RENEWAL, AND HIGHWAYS 
Richard L . Steiner 37 

MEASUREMENT OF CENTRAL BUSINESS DISTRICT CHANGE 
AND URBAN HIGHWAY IMPACT 

Edgar M. Horwood and Ronald R. Boyce 40 

THE SHOPPERS' PARADISE CONCEPT 

R . C . Blensly and J . A. Head 56 



Measurement of Congestion in 
Transportation Systems^ 

LOWDON WINGO, JR., Resources for the Future, Inc. 

FRAMEWORK OF ANALYSIS 
"Under present conditions congestion is the main obstacle to more 
traffic. While traffic is not an end in itself, cheap transportation 
is a contributing factor to the economic division of labor. Ready 
accessibility of centrally located markets is of particular impor­
tance, because it determines the size of markets and the extent to 
which economies of large-scale production and distribution can 
be reaped. Congestion, by setting a limit and a premium upon 
the movement of persons in commodities, restricts the effective­
ness with which the functions of centrally located markets can be 
performed. 

• THE EXTENSIVE NETWORK of interaction among urban economic activities depends 
in large part on the organization and technology of transportation integrating the urban 
structure. Changes is the conditions of transportation wil l be reflected in the organi­
zation of economic activity throughout the urban space, for these changes make them­
selves felt as changes in the cost conditions of production and distribution. Where 
the adjustment of economic activity to the organization of the transportation system is 
good, one can talk in terms of an efficient organization of the economy and its tech­
nology of movement. Where the adjustment is poor, this interaction takes place only 
under conditions of high and increasing costs. One of the characteristics of poor ad­
justment has frequently been identified as congestion: the greater the congestion the 
more inefficient the interaction. Hence, the identification of the congestion element 
in transportation systems in a matter of interest not only to those who have a responsi­
bility for building and managing a transportation system, such as highway and traffic 
engineers, but to all of those who have a concern with the economic efficiency of the 
urban complex. Among these are the students of urban structure and land use, for 
the external diseconomies associated with transportation systems may well have de­
monstrable consequences for the structure of land values, for factor payments to labor, 
as well as for the transfer costs entering into the costs of production. It is in this 
sense that the phenomenon of congestion in transportation systems commands the at­
tention of the urban economist. 

What is congestion? A distinguished mathematical economist, Martin Beckmann, 
who has analyzed highway traffic with tools of queuing theory and probability models, 
offers a simple definition: "By congestion we mean here traffic conditions which oc­
cur at flows that substantially reduce average speed on the road. "* 

Congestion is a relative phenomenon. It can exist for two vehicles as well as for 
20,000; i t may last for seconds or for hours. The driver waiting f i rs t in line at a toll 
gate is e^qperiencing the same kind of system phenomenon as if he were the twentieth 
in line. In short, congestion can exist whenever two or more vehicles seek to occupy 
the same space simultaneously. In this paper, congestion is defined to be any situa-

The theoretical formulation of the ingression function in this paper is a by-product 
of an investigation of characteristics of the urban space-economy carried on by the 
author as an endeavor of the Program of Regional Studies at Resources for the Fu­
ture, Inc. The contributions of other staff members are gratefully acknowledged. 
From Beckmann, Martin, McGuire, C. B., and Winsten, C. B., "Studies in the Eco­
nomics of Transportation." Yale University Press, New Haven, p. 95 (1956). 
ibid., p. 49 



tion between two or more vehicles such that one or more experience a time loss 
due to the behavior of the others. 

The nature of this time loss has some inherent complexities. All time spent in 
transportation involves time loss; hence, the time loss associated with congestion is 
a surplus over and above that which would be lost under "normal" circumstances; that 
is, traveling the same route in the absence of other vehicles. Thus, the congestion 
time loss has a highly subjective element, since it is related to the propensities of the 
individual road user. In this sense congestion losses become extremely amorphous 
when viewed from the standpoint of the road user. 

As against a framework which looks narrowly at the transportation system as a unit 
with certain time-loss characteristics to be evaluated, a different framework which 
views the transportation system as an abstract physical system with economic charac­
teristics may offer an objective basis for analysis. Although this paper wil l discuss 
transportation systems within this special kind of framework, the conclusions will have 
relevance in a more general sense, and the technique of analysis a general applicability 
to many of the operating characteristics of transportation systems. 

This paper uses the device of constructing an abstract physical model embodying 
those characteristics which seem relevant to the problem as a whole. The behavior 
of such a model should identify certain features of the abstract system which are gen­
eral for all real cases having the same basic characteristics as the abstract system. 
The objective is to identify congestion characteristics which are innate in the system 
and which do not emerge because of the peculiarities of the specific case. 

That movement element which in terms of order and relative volume is the most 
significant in any urban movement system—the journey-to-work—will be abstracted. 
The volume and distribution of this element is a function of the locally employed labor 
force, the spatial arrangement of employment centers, and the time-distribution of 
its working periods. Where the employed labor force is a greaterproportion of the 
population in one case than another, "caeteris paribus, " the volume of this movement 
component wil l tend to be proportionately greater; likewise, where a locality operates 
on a single working shift, or where the places of employment are spatially concentrated, 
relative volumes wil l tend to be greater than where employment is organized on mul­
tiple shifts, where work periods are substantially staggered, or where employment 
centers are relatively dispersed. Thus, the variables involved in the demand for 
movement with respect to the journey-to-work are essentially variables arising from 
the economic organization of production in the community. 

There is one important distinction. The volume of movement in this parlance is a 
quantitative measure based on the "trip" as the basic unit. Movement, for the present 
purpose, has no spatial significance; a trip which is a block long has the same value 
as one which is 10 miles long. The volume of transportation relates the volume of 
movement to a spatial framework. In its most general form a movement system has 
the following characteristics: 

1. It involves a set of spatially distributed origins (analogous to the domiciles of 
the employed population); 

2. It involves an aggregative destination, or assembly point (as in the places of em­
ployment of the employed population); 

3. It involves a set of paths having specific capacity characteristics, connecting 
the origin and assembly points, and a set of carriers. (Here a distinction might be made 
between simple and complex paths, the former being a path on which the carriers can­
not change order, as in the case of a single track rail line. Simple and complex car­
riers may be distinguished in that a simple carrier is associated with a single, discrete 
origin-destination pair of points. Under the assumption that the system as a whole op­
erates at capacity velocity, complex paths have the same characteristics as simple 
paths and complex carriers are ruled out.) With respect to carriers and paths a system 
may be homogeneous, wherein all carriers and paths would have uniform movement 
characteristics, or heterogeneous, in which case there would be two or more subsys­
tems (each homogeneous within itself) each serving the same movement demand, but 
each of which has different movement characteristics in terms of paths and movements. 
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4. Finally, the movement system is 
rigorously time-ordered in the following 
respects: 

a. There is a highly ordered schedule 
of assembly periods which gives the 
movement system the characteristics 
of a cyclical character; and 
b. Each cycle is time-constrained such 
that all units are required to arrive 
not later than the scheduled time or 
deadline, and all are released simul­
taneously in the ebb movement. 
5. Time is valuable to all units. 

With these few characteristics some of the 
relevant features of a highly-ordered, 
high-volume, simple homogeneous system 
can be appraised. Are there features of 
a movement system abstracted from spa­
tial considerations which have implications 
for the analysis of congestion? There 
are, in fact, and these implications are 
associated with a phenomenon which has been called the ingression factor. 

1 -

TIME OF ARRIVAL 
Figure 1. 

NATURE OF INGRESSION LOSSES 
Ingression is a condition that exists in movement systems when the instantaneous 

demand on the system exceeds its instantaneous capacity; that is, when the number of 
units required to arrive at a given point not later than a given time is greater than 
the ability of the system to admit said units simultaneously. Ingression losses, then, 
are time losses imposed on units in the system by the inability of the system to handle 
all demanding units at the same time. 

To illustrate how these losses take place, Figure 1 is based on a simple system 
(with an instantaneous capacity of 1). In this case, there are n units all of which must 
arrive at the assembly point not later than the deadline of T o'clock. If the last (or 
nth) arrival is to meet the deadline, then the next-to-last or (n - l)th must arrive 
slightly before it. If the capacity of the system is represented as C units per hour, the 
(n - l)th unit must arrive 1/C hours befor the nth unit. Thus in Figure 1 the ingression 
loss experienced by the (n - l)th unit is measured by yi = 1/C; that of the (n - 2)th unit 
by y2 = 2/C; and that of the f i r s t unit by y^ = n/C. The total ingression loss of the 

last five units can then be expressed as the sum of the ingression losses for each unit, 
or 

Y, = S y „ (i = 0, 1, 2, 3, 4) 

- 0 ^ 1 ^ 2 ^ 3 ^ 4 _ 10 
- c ' ^ c ' - c ^ c ^ c - "c • 

Letting N stand for the number of units making demands on the system the following 
can be generalized (see mathematical Appendix B-1): 

V N(N - 1) , 
* " 2C 

in which Y = total ingression loss for the inflow* phase of the cycle. 

*By reversing the demonstration, it can be shown that the ingression loss of the outf lowphase 
is equal to that of the inflow phase. Hence, the term "phase ingression loss" refers to the 
loss associated with a single phase, whether it be of an inflow or outflow character. 
"Cycle ingression loss" refers to the total loss of an inflow and an outflow movement. 
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Where Figure 1 relates the order of 
arrival to a time scale, in Figure 2 the 
total deadline demand on the system n is 
related to a time scale. Here the slope of 
the line O P represents the capacity of the 
system. Thus, for N units of demand on 
the system the f i rs t unit must arrive O L 
time units before the last if the last is to 
satisfy the time restraint. The total phase 
ingression loss for the system, then, is 
measured by the area of the figure O M N . 
It can be shown accordingly that for any 
large value of N , the total phase ingres­
sion loss Y is approximately equal to 
N ' / 2 C , In short, as demand increases in 
the system the total phase ingression loss 
tends to increase by the square of the de­
mand (see Fig. 3). 

Another important feature emerges in 
the relationship between the marginal in­
gression loss Y ^ and the average ingres­

sion loss y. If random entry into the system as far as order is concerned can be as­
sumed, over a large number of cycles the average loss to any one unit wil l tend to 
approximate the average loss in the system. The marginal phase ingression loss is 
the change in the total phase ingression loss effected by the entry of the Nth unit into 
the system. Mathematically, i t can be defined for large values of N and C approxi­
mately as follows: 

*N " dN " C 

the average phase ingression loss can be defined as 

' N 2C 
o o 

DEMAND 
Figure 3. Figure \ . 



In Figure 4, the marginal and average 
phase ii^ression functions are plotted in 
terms of total demand N. The entry of 
the Nth unit into the system, hence, im­
poses an additional phase ingression loss 
on the system equivalent to NR, of which 
the average phase loss QN tends to be 
borne by the Nth unit over a large num­
ber of cycles, while the loss QR is borne 
by all of the other units in the system. 
Thus, QR is a pure external diseconomy 
for all units in the system. Since OR 
has twice the slope of OQ, then for any 
value of N, NQ = QR; that is to say that 
the entry of another unit wil l tend to im­
pose losses on the remainder of the sys­
tem equal to the phase ingression loss 
borne by the marginal unit. 

RELATIONSHIP OF INGRESSION 
TO CONGESTION 

OlflTANCE 
Figure 5. 

Both ingression and congestion arise 
from the relationship of the deadline de­
mand upon a system and its capacity. They are thus related phenomena. Ingression 
is a form of loss which exists in any movement system when instantaneous demand 
exceeds instantaneous capacity, even when the system is operating at maximum ef­
ficiency. In short, given the technology of the system, the ingression function repre­
sents the irreducible minimum of time loss resulting from the aggregation of demand. 

Congestion losses on the other hand, are time losses which arise from the reduc­
tion of the "free-flow," or desired, velocity imposed on a unit because of the behavior 
of other units in the system. In a "saturated" transportation system where passing 
opportunities are rare or nonexistent, the movement of all units wi l l approach a uni­
form flow condition whose velocity is dictated by the slower speeds of the early en­
trants. This system-dominant velocity may very well be less than the capacity velo­
city of the system (see Appendix A). 

Figure 5 is a time-distance chart based on a simple uniform transportation system 
of length dj^. T is the deadline at destination d^. RT is the movement course for any 
unit moving at system-dominant velocity to arrive at T. A unit domiciled at d. with a 
free-flow velocity represented by the slope of RI wi l l determine a point S on the time 
axis which wil l represent his deadline if he were to be the f i r s t arrival. Hence, IS 
represents the ideal movement course if conditions permitted him to move at his de­
sired velocity to arrive at d^ f irs t . The course I 'T, whose slope represents the sys­
tem-dominant velocity, is the "latest" course that the unit would tend to follow, for if 
he began later, say at T\ planning to catch up to this terminal travel course by moving 
initially at his desired velocity, he risks finding the course occupied by a unit entering, 
say, at W, forcing him to violate his deadline. Under the best of the "safe" conditions, 
course IS could be realized, in which case the period ST can be defined as the realized 
ingression loss for this unit for this phase, and there would, hence, be no congestion 
loss. At the latest FT would be followed, in which case ST would represent the con­
gestion loss and there would be no actual ingression loss realized. In general, a 
course such as IPQ would probably be characteristic, where the unit moved at desired 
velocity until i t encountered a slower unit at P, where i t was forced to reduce velocity 
to that of the encountered unit, which might be the end unit of a uniform flow queue. In 
this case, SQ would represent direct coi^estion loss, while QT would represent rea-



lized ingression loss.' In this example, it can be seen that congestion losses and rea­
lized ingression losses tend to be complementary. In conclusion, the maximum poten­
tial phase (ST - IP) ingression loss can be continued as a measure of the congestion 
potential in this simple example.' 

How much congestion will be realized in any one circumstance wil l be a product of 
the departure-velocity decisions of all units in a given demand situation. To the extent 
that these decisions appear to have a random nature within the opportunity limits, the 
actual emergence of congestion in a transportation system will have certain random 
characteristics which make it difficult to anticipate in time and space, given the pres­
ent state of understanding.^ 

It will be noted that the ability of a unit located at d. to select a course is restricted 
by the pattern of decisions made by units beyond d. on the system. Once selected, his 
ability to realize that decision will be limited by the decisions of units between d. and 
d^ (as illustrated by the situation at P in Figure 5, where the path is deflected from 
PS to PQ because of the behavior of a succeeding unit). 

A final point involves the relation of ingression to that form of congestion which re-
suits from variations in capacity at points along a system. As in a hydraulic system 
it is the size of the least pipe that determines the rate of flow at the delivery point, so 
in a transportation system the floW capacity is a function of the least capacity in the 
system, and its location with respect to the distribution of demand. Up to this point 
movement systems have been discussed as though capacity were uniform over the length 
of the system. This posits a uniform, constant-velocity flow. Since this rate of flow 
may be less than the desired rate of movement for the individual units, this may be de­
fined as a congested situation, and in this sense one can talk about subjective congestion. 
Now where capacity at all points along the system is not uniform, in other words, where 
there are capacity "chokes" in the system, objective congestion loss can be defined as 
that loss which occurs in a movement system at a point where capacity is less than that 
in the preceding segment of the system. Here the rate of flow is diminished and units 
tend to queue up, e}q)ending time waiting entry through the constricted part of the sys­
tem. 

The intimate relationship between the concept of ingression and objective congestion 
loss is vividly illustrated in the following excerpt from the Washington Post of Novem­
ber 18, 1958: 

". . . AEC has its own daily traffic tie-up which an employee describes as 
one of the most exasperating periods in each day. Up to 700 cars jockey for 
position on AEC's lone access road leading to Route 240. The employee said 
it had taken him twenty minutes the night before to get from the parking lot 
to Route 240, the usual time was from 12 to 15 minutes . . . . " 

This is both an ingression and a congestion phenomenon. The over-all capacity of a 
system is governed by the least capacity at any point. These capacity chokes give rise 
to a pure form of congestion loss which occurs at any point where capacity is less than 
that in the preceding segment of the system. Here the rate of flow is diminished and 
units queue up waiting entry through the choke. 

If the rate of approach of units to the choke could be managed, the congestion loss 
at the choke could be eliminated. At the other extreme, units may approach the choke 

* Less, of course, the period H', which would not be absorbed in the movement. 
' The relationship between ingression and congestion is basically a matter of whether 

or not the loss resulting from the capacity-demand relationship takes place within or 
outside of this system. 

^ Here the systemic congestion of the above discussion should be distinguished from ex­
ternally-caused congestion. A traffic accident or a vehicle breakdown can obstruct 
the flow of units and create a seriously congested situation. Such interruptions are 
external to this consideration and hence do not enter into the concept of congestion 
potential. 



at the approach capacity. If a system has a capacity choke, the total ingression in the 
system is computed in terms of the capacity limits set by the choke: 

Y 
\ 2C^ 

in which 
Y = total ingression at choke capacity, c 
C = choke capacity. 

c 
In the absence of the choke, total ingression would be set by the approach capacity: 

^ a - 2 C 
a 

in which Y = total ingression at approach capacity, a 
C = approach capacity. 

Then the total ingression loss attributable to the choke itself must be the difference 
between these two ingression levels: 

V N" 
•^"2C "2C c a 

N*, 1 1 X N* 
- ^ ( ^ - ^ ) = T" - C^) c a a 

in which X = the ingression loss attributable to the choke. 
As previously observed, ingression loss at a capacity choke takes place in the form 

of vehicles queuing up awaiting entry through choke, and hence X is actually a direct 
measure of a congestion time loss resulting from the capacity impairment. The com-

C 
onent (1 - ^ ) is of interest because it defines the proportion of the total ingression 

^a 
loss of the system which wil l take place at the choke. Henceforth i t wil l be referred 
to as the choke coefficient k, and it can be thus shown that the total length of the maxi­
mum queue Q at the choke, and the total congestion time loss X at the choke are func­
tions of the choke coefficient q and the deadline demand N: 

Y kN" 

and Q = kN, 
for all large values of N. 

To illustrate this point, a path with a uniform capacity of 2,000 vph on which there 
is a simple deadline demand of 1,000 vehicles may be examined. Assume that the fu l l 
demand is asserted at the beginning of the path and is destined for the terminus of the 
path. Now assume, (1) that there is a capacity choke in the path (e. g. a signalized 
intersection) which wil l pass vehicles on the path only 75 percent of the time, and 
(2) that at the terminus vehicles can be evacuated from the path at a maximum rate of 
1,200 vph. (As though it were a second capacity choke.) At the most general level this 
is a simple system with a total capacity of 1,200 vph, developing a total phase ingres­
sion computed as follows: 

N" 
Y = (1) 

Y ,̂ = 1,200 = 1 ^ = 416.67 hr (2) 
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where the capacity for the total system is set by the least capacity of any point. If 
there were no chokes and the path capacity dominated, the ingression level would be 
computed thus: 

\ = 2.000 = ^ 0 0 0 = hr. (3) 

The net result of the two chokes is to increase the total phase Ingression by 166.67 hr. 
Now congestion time loss Xi at the f i rs t choke can be determined by taking the in­

dicated ingression at the choke capacity and multiplying i t by the choke coefficient ki , 
where 

ki = (1 - Ci < (4) 
in which ^ 

Ci = choke capacity of the f i r s t choke, 
C = approach capacity to the f i rs t choke. 

a. 

Then 
Xi = kiYi, (5) 

or, •̂ ^ - 2Cx • C ' ~ T ^Ci C 
a a 

in which 
N = deadline demand, 
Yi = indicated ingression at f i rs t choke capacity. 

The approach capacity to the second choke is set by the choke capacity of the f i rs t . 
Hence the choke coefficient for this second choke k 3 would be defined thus: 

na ^ v-i 

in which 
k 2 = (1 - g), Ca < Ci (6) 

Ci = choke capacity of second choke, 
Ci = choke capacity of f i rs t choke, 

and congestion time loss Xs defined 
Xa = kaY ,̂̂ , (7) 

Then the total congestion time loss at both chokes X is defined as 
X = Xi + 3b 
„ N ' T / I I x / I 1 \T N " . ! 1. /ox 

«• 3. 
Coming back to the example 

N = 1,000 
= 2,000 

Ci = 1,500 
Ca = 1,200 

It can now be computed that the total congestion time loss X imposed by the two 
chokes is X = 166.67 hr or an average of 10 min per vehicle. It can further be com­
puted that this congestion loss is divided between the two choke effects; 

Xi = X, = 83.33 hr 
or 5 min per vehicle average. 

This total congestion loss figure of 166.67 hr is identical with the additional ingres­
sion loss computed earlier. T^us the total loss in a system is equal to the computed 
ingression at path capacity plus the objective congestion loss set by successive restric-
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tions in capacity in the direction of movement. This formulation applies to the perfectly 
managed (maximum efficiency) system. It is the minimum level of loss. Inefficiencies 
resultii^ from behavior of units are external to this system, and would hence increase 
the actual level of loss e3q)erienced. 

Under this simple formulation, the kind of congestion quantified is that which results 
from successive restrictions on capacity in the direction of movement. 

When capacity is uniform throughout (that is, where C„ = Ci = C 2 , etc.), no system 
congestion loss is defined (the ii^ression loss is stil l very real, however). 

(Note an interesting conclusion from Eq. 8, a project to eliminate the capacity re­
straint imposed by the f i r s t choke would not change the total quantity of congestion loss 
in the system; i t would merely shift it to the second choke.) In short, the actual objec­
tive congestion loss at a capacity choke wil l lie somewhere between zero and X as de­
fined above, and wil l vary with the rate at which units approach the choke. Congestion 
loss at this point wil l be greatest when the approach flow approximates approach capa­
city; it wil l be zero when the approach flow is equal to or less than the choke capacity. 
Here again, the entry decisions of the individual units wil l determine the scale of con­
gestion within the limits indicated. Here ingression analysis provides directly a mea­
sure of congestion potential. 

Thus, two features stand out: (1) in the most ideal of transportation systems the oc­
currence of congestion resulting from unit behavior may be a sporadic, almost random 
event, but (2) ingression has a direct relationship to the objective congestion potential 
in the system. Even though some forms of congestion are sporadic and unpredictable, 
ingression is a determinable, functional characteristic of a movement system emergii^ 
solely from the technology of the system as i t influences capacity and from the time-dis­
tribution of demands on the system. In short, even though the quantitative prediction 
of congestion resulting from the chance behavior of units in the system appears unfeas­
ible at this stage of knowledge, the prediction of objective congestion potential as mea­
sured by ingression is a comparatively simple matter. 

Throughout the remainder of this paper ingression wil l be considered a feature of an 
ideal movement system, and in this sense, ingression represents the residual conges­
tion potential in any transportation system having the same characteristics as the move­
ment system. 

Ingression as a concept, then, has relevance to the traffic and highway planner as a 
technique for quantifying the congestion element in traffic systems. For students of 
urban spatial structure and land use, the analysis of ingression has a more intrinsic 
relevance as a measure of a fundamental external diseconomy associated with urban 
growth and chaise; ingression losses deriving from the innate characteristics of trans­
portation systems wil l be realized whether or not congestion losses occur. 

APPLICATION OF INGRESSION ANALYSIS 
TO SOME SPECIAL CASES 

There are a number of special arrangements In transportation systems which have 
unique implications in terms of ingression losses. These operate either by modifying 
the capacity of the systems, as in the case of traffic signals or supplementary arteries, 
or by affecting the nature and distribution of demand in systems, as in the staggering 
of employment hours. In what follows, several of these basic arrangements wi l l be 
analyzed in terms of Ingression effects, not so much to provide a rigorous analysis as 
to demonstrate application of the logic of Ingression analysis and the manner in which 
it can be applied to varying characteristics of transportation systems. 

Cyclical Interruption of Flow 
A common type of time loss in traffic systems is that resulting from the periodic 

interruption of flow on one system to permit cross flow. The typical device for such 
Interruption is the fixed Interval traffic signal. To analyze the phase ingression effects 
of such interruption a system such as that schematically illustrated in Figure 6 can be 
set up. Here is a path OD along which there are located N units of maximum deadline 
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o 
Figure 6. 

NT 
3 = —>o 

I 
Scheme for interrupted flow 

system. 

demand. At some point I along OD there 
is a fixed interval interruptor such that a 
part of the demand N. must pass through 
the interruptor in order to arrive at D, 
while the remainder of the demand is 
not directly affected by the interruptor. 
The effects of the interruptor on the flow 
are shown in Figure 7. It passes pulses 
of N. each having a length of p and separ­

ated by intervals of length p. The uninterrupted demand enters the flow by fil l ing in 
the empty intervals. It is assumed that the f i rs t pulse to arrive wil l be a N. pulse. 

There wil l be some alteration in the ingression values if an N.^ pulse is taken as the 
f i rs t arrival, but where N and C are quite large and p and p are relatively small the 
difference is insignificant. 

It wil l be noted that there are two cases. In the f i rs t case, the uninterrumpted de­
mand is exhausted before the interrupted demand N^. The flow pattern thus demon­
strates two components—a "saturated" component and an "unsaturated" component 
which is characterized by unoccupied intervals between pulses of N^. In the second 
case the interrupted demand is exhausted f i r s t and there is no similar unsaturated 
segment, since the uninterrupted demand can flow continuously until exhausted after 
the passage of the last pulse of K . It is only in the f i rs t case that there are any addi­
tional ingression effects over and above what the system would experience in the ab­
sence of the interruptor, and these flow from the unoccupied intervals of the unsaturated 
component. 

C A S E l : FLOW PATTERN, Nt EIXHAUSTCD FIRST 

UNSATURATED COMPONENT 

CA6C Z: FLOW PATTERN, Ni EXHAUSTED FIRST 

FIRST 
ARRIVAL 

Figure 7. 

N. 
The number of pulses of N, can be expressed by , and the number of pulses of 

N, 
by Since interruption ingression will only exist where the number of pulses 

of Nrp is less than the number of pulses of N., this can be summarized: 

**i \ ^T \ where > - j , then jY > 0 
P 

N. < T then jY = 0 
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or similarly: 
N. . 

where / | , then 
'T 
N 

j Y > 0 

and where N^NS p ' then jY 

S Y S T E M *1 — 

- I N T B R R U P T O R 

In this f i rs t case it can be shown that 
the additional phase ingression loss from 
the operation of the interruptor jY is 
mathematically defined as follows (see 
Appendix B-2): 

(N - RN )̂  
2RC ' w h e r e R = £ 

The ingression loss from interruption can 
accordingly be managed by the selection 
of values for p and p, and there is a set 
of such values that will yield jY = 0. 

Cyclical Interruption, the Intersection of Two Systems 
The case of two systems with a common deadline so organized in space that part of 

the flow of each must cross part of the flow of the other at some point I is shown sche­
matically in Figure 8. Instead of 2 demand segments, there now are 4, two in each 
system: in the f i rs t system they are designated as iN^ and i N ^ , in the second system 
as and j N ^ . To complicate the problem it may be assumed that in each cycle 

r,Ni. PULSE 
_ ^ , N t . P U L S E 

rigure 8. 

S Y S T E M 
CZ3 

/ 
UNSATURATED COMPONENTS 

/ ^2P /P 

S Y S T E M » Z *> 

Figure 9. KLcw pattern—Intersecting systeniB. 

\ ^ 2 N l P U L S E 
\ N T P U L S E 

there is a "queuing" time loss indicated by q, which is common to both systems. The 
pulse pattern is now modified to include 3 elements: the q-loss, the interval during 
which the interrupted segment of the f i rs t system flows through the interruptor iP, 
and the interval during which the interrupted demand segment of the second system 
flows through the interruptor 2P. This pattern is indicated in Figure 9. 

Some of the characteristics of this simulation are: 
1. The introduction of the element q means that there wil l always be interruption 

ingression losses in both systems resulting from the effects of q in reducing the capa­
city of both systems. 
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2. There wil l be additional interruption ingression losses in the f i r s t system if 

and in the second system if 

3. There is one case in which there wi l l be no interruption ingression losses in 
either system other than those imposed by q. This case is described in terms of a 
set of relationships between the four demand segments and the relative lengths of ip 
andap: 

^^T 
I n t - ap = ssq. 

In all other cases there wi l l be interruption ingression losses over and above the nor­
mal system ingression and the q-type losses previously discussed, and such loss may 
occur in either or both systems. 

4. 2P can be increased relative to iP with the following consequences: the ingres­
sion in the f i r s t system wil l be increased while that in the second system wil l be 
decreased. Hence, i t is suggested that there is a value of ^ which wil l minimize 
the total ingression loss in both systems. 

Under the assumption that both systems have different basic capacities iC and aC, 
and utilizing the following definitions: 

iN = iN. + i N ^ 

aN = aN. + aN^ 

and iR = 
»P 

the total amount of interruption ingression in both systems (jYi4a) is defined as follows: 
[ iN - i N ^ (iR+ 1 ) ] ' [2N GR+ qiR+ q) - . N ^ GR+ 1)]" 

I ^ ^ ^ = SICIR 2aC[l - q ( i R + l ) J [ i R + q U + l ) ] 
This expression is developed in Appendix B-3. Taking the capacities , demand 

segments, and q as given, i t can be generalized that ^Yi^a is a function of iR thus: 

j Y i ^ = f GR) 

A decision problem might call for the selection of one value of iR (or ̂ ) which would 
minimize ingression losses in the two systems. Quite simply, this is the value of iR 
which wil l satisfy 

dCjYi+a) 

where the second derivative is positive. 

Staggering Demand 
A technique for modifying the demand upon the system involves breaking demand 

down into smaller segments and giving each segment a different deadline, as in the 
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Figure 10. 

s t a r r i n g of -working hours. This situa­
tion lends itself to ingression analysis. A 
total demand N is broken into 4 segments, 
Ni, N2, Na, and N4. A deliberately unreal­
istic deadline requirement says that all 
units of the earliest segment Ni must ar­
rive at the destination sometime between 
To and Ti ; for the second segment N3 be­
tween Ti and T|, etc. Thus all units 
must arrive at some time prior to T4, as 
illustrated in Figure 10. 

The system has a common capacity C 
for all segments of deadline demand, and 
thus the e}q>ression ct* represents the to­
tal number of units that can arrive during 
the scheduled interval Ts to T4 ( or t4). 
In Figure 10, then, there is a surplus of 
units n4 which cannot satisfy the deadline 
requirement and which hence develop in­
gression losses in period ta. n4 also has 
the effect of pushing back the third seg­
ment of demand so that i t can utilize for 
arrival only part of its target period, leaving a surplus of demand na to develop ingres­
sion losses in the preceding period. Were i t not for n4, all units of Na could satisfy 
the deadline requirement and arrive during ta without developing any ingression loss at 
all . This effect of cumulative excess demand similarly affects Na and Ni, and the total 
ingl-ession loss is the sum of the ingression losses resulting in each situation. 

A qualification is indicated by mi in Figure 10. Here the accumulation of n4, na, 
and n2 has been so great as to push back Ni, whose deadline period is t i , to a point 
where the f i rs t unit of Ni must arrive sometime before To. Thus, mi represents an 
element of delay for the entire Ni segment, dur i i^ which no Ni units can arrive because 
the time is preempted by the demand of later segments. 

The ingression loss of the last segment of demand N4 can be expressed as follows: 

and similarly Ya and Ya can be expressed. With Yi the case is somewhat different due 
to the delay element of mi. The time period represented by mi is occupied lay no Ni 
units and hence must be subtracted out of the ingression expression for N i . The total 
ingression losses that would be e]Q>erienced by mi units is expressed as follows: 

mi 2C 
Thus, the ingression expression for the deadline demand segment Ni becomes 

Yi = Pi ~ mi 
~"2C 

In a more general sense, the amount of ingression experienced in any deadline demand 
segment N can be e^qpressed 

3. m 
2C 

or, for the entire system 
Sn* - Z m ' 

2C where n > 0, and m > 0. 

In Appendix B-4, this egression Is developed in terms of the size of the deadline 
demand segments, the capacity of the system, and the distribution of the time restraints. 
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The decision problem suggested here is the arrangement of the demand segments in 
a system to minimize ingression losses. Brief examination of Figure 10 suggests that 
if the time periods are chosen so that ct = N there wil l be no ingression loss in the 

3. 3, 

system as described. There will likewise be no capacity wasted. 
Ingression Consequences of Alternate Routes 

As a final case, a situation in which there are two routes of different capacities con­
necting the demanding units with the assembly point may be considered. The problem 
suggested is how to distribute demand between the two routes so that phase ingression 
losses are minimized. The minimum situation will be realized when the marginal in­
gression losses along both routes are equal, for at this point to shift one unit from one 
route to another would result in the addition of a greater amount of ingression on the 
receiving route than would be subtracted from the total on the other. In a simple sys­
tem the marginal phase ingression loss has been defined as N/C. Thus, to minimize 
the total phase ingression loss in such a dual system, the total demand would have to 
be so distributed that 

Ni ^ Ng 
Ci Ca 

or Na Ca 
In short, the ingression losses in such a system will be minimized when the demand 

is distributed among alternate routes in proportion to their capacities. 
These four situations have been discussed here only to demonstrate the manner in 

which the concept of ingression can be applied to different flow situations as an analy­
tical device to quantify an important social cost emerging from the organization of the 
basic elements of capacity and demand in movement systems. Each of these cases 
suggests a decision problem in the management of a system and at the same time sug­
gests a partial "efficiency criterion" for decision-making in such cases. Ingression be­
haves like a kind of systemic friction; given the coefficient of friction between two sur­
faces, the amount of friction is a function of the mass of the body moved. This is not 
unlike ingression, where given the capacity of the system, the amount of ingression 
loss is a function of the deadline structure of demand. Friction is associated with the 
dissipation of energy, ingression with the dissipation of socially valuable time. These 
time losses can be construed as costs (non-money costs at this stage) associated with 
the organization of movement systems. Considered as costs, they have policy im­
plications within the framework of cost-benefit appraisal of public policy. 

SOME POLICY APPLICATIONS OF 
INGRESSION ANALYSIS 

The usefulness of ingression analysis for decision-making stems from the economic 
characteristics of ingression losses. Ingression involves the expenditure of a socially 
valuable commodity—time—in the realization of given social and economic purposes. 
Decisions about urban transportation systems are essentially public investment deci­
sions, and the decision-making criteria must attempt to relate the social benefits from 
such investment to the social costs of specific investment programs. Ingression is a 
measure of such a social cost implicit in movement systems, and in a purely engineer­
ing sense, average ingression cost is a measure of systemic efficiency. Considering 
the "trip" to be the basic unit produced by a movement system, average ingression can 
be construed a unit input, and hence as a technical coefficient that varies with the scale 
of the "output. " Thus, the principle of economizing suggests that, given a level of out­
put and the "prices" of the inputs, one should select that investment program which wil l 
minimize the average costs of the system. 

This suggests that to be useful for policy purposes it would be necessary to establish 
a "price," or value, for the time spent in transit by the system user. This intricate 
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question cannot be investigated here except to say that the economic concept of the mar­
ginal value of leisure provides a good theoretical basis for estimating that price, given 
the structure of wage payments to the user. 

The remaining portion of this paper is concerned with some specific illustrations of 
ingression analysis as a decision-making tool in transportation systems. It wi l l ob­
serve some simplifying assumptions: 

1. That ingression costs are the only general social costs of immediate concern; 
2. That the transportation systems in the examples are simple, homogeneous uni­

form capacity systems;* and 
3. That the value of indirect social benefits does not vary substantially among the 

investment alternatives. 

The Role of Ingression in Operation Decisions: Selection of a System-Dominant Velocity 
A simple, non-investment type of decision in a transportation system involves the 

regulation of velocity. This regulation may be conditioned by any of a number of c r i ­
teria: reduction of the risk factor, increasing rate of flow, vitiating congestion, etc. 
A situation may be taken where velocity is to be regulated in order to minimize the to­
tal time cost of the system, given demand N and the technology of the system, and the 
distribution of demand along the system. For any unit the time cost of a single trip is 
equal to the travel time at system-dominant velocity plus the average realized ingres­
sion loss, and can be expressed as follows: 

t = ^ + ? =t(v) V 2c ^ ' 
in which 

t = total time-cost of one trip, 
s = traveled distance between the origin of the given unit on 

the system and the system destination, 
V = system-dominant velocity (see page 5), 
N = total demand on.the system, and 
c = velocity-specific capacity. 

It wi l l be noted that c is some function of v, which wil l be expressed as c(v), (see Eq. 
13 in Appendix A). The total time cost T for one phase of the cycle wil l be equal to 
the total travel time plus the total ingression cost of the system: 

N N« 1 N 

In this expression ŝ  represents the spatial distribution of the demand along the system. 
Assuming that c(v) is a more or less conventional function of the form discussed in 
Appendix A, t(v) wil l have a minimum value, given s; i t wil l , however, have a differ­
ent minimum for every value of s. If 

N 
S s, = S 
1=1 ^ 

then „ ^ S 

The decision-problem, then is to select a value for the system-dominant velocity v 
which wil l minimize the total time-cost T. This wi l l be the value of v such that 

^ = 0 dv 
and the second derivative is positive. 

' Although by extension of the argument the variable capacity system could be compre­
hended with its objective congestion potential, as discussed earlier. 
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Assuming no other restraints, such a policy formulation might suggest the setting of 
a minimum speed limit v to maintain rates of flow which wil l tend to minimize the total 
time cost to all units. It is important to note that this value of v is unique to the sys­
tem defined by N and D. For different values of N and D there wil l be different values 
of V which wil l minimize the time-costs of the specific system; in other words, there 
is no general value of v which is relevant to all values of N and D. If time-cost mini­
mization is the criterion, velocity regulation must be tailored to the specific, demand-
capacity characteristics of the system. 
Ingression Factors in Urban Transportation Investment Decisions: 
Case 1, The Simple System 

A characteristic type of system investment problem involves an extant system with 
a high level of congestion and a set of investment alternatives to reduce the time losses 
in the system. Take such a system with a high degree of ingression Yo. Assuming 
that there are a number of alternative projects which can reduce the value of Yo, each 
project can be translated by costs into an investment program requiring a set amount 
of capital I . Hence, I i as the capital required by Alternate 1 which wil l produce a new 
capacity in the system of value C i , and hence a new ingression value Y i . Let p stand 
for the value of a unit of ingression loss to the road user. Since Alternate 1 wil l re­
duce the amount of ingression per cycle, the value of the ingression reduction can be 
construed as a kind of "social income," J i which can be expressed as follows: 

Ji = p(Yo - Yi ) . 
Assuming no change in demand N, 

, pN*, 1 1 . 
- T-^cj; - cT -̂

Define the annual costs Ki of Alternate 1 to consist of interest and depreciation on cap­
ital Ii plus the increment to operating costs (if any) resulting from the program thus 

Ki = (i + d)Ii + Oi. 

Then any program a is "justified" so long as the social income produced by it is great­
er than the annual social costs of the program: 

J > K . 
a * a 

In short, to maximize the social income,' select that investment program K which 
wil l maximize the benefit-cost ratio ^ 

â _ , V ^ " ^ ) (max) ^ = (max) ^ . - ^ ^ y ^ - -
a ' ' a a 

This is a case in which the substitutability of capital costs for ingression costs is 
the basis of the decision problem. Given the cost of capital i (assuming that depreci­
ation is a technological constant) and the "price" of ingression losses p, an optimum 
investment program which wil l maximize the social surplus from the operation of the 
transportation system can be identified. 

Ingression Factors in Urban Transportation Investment Decisions: 
Case 2, The Hypersystem 

At an even higher level are the decisions involving the long-range programing for 
the development of an urban transportation system. To discuss decisions at this level 
i t is necessary to digress for a moment to define the concept of a "hypersystem." The 
term "hypersystem" is used here to describe the organization of two or more move-

" The fact that represents any one of afinite set of discrete alternatives suggests that 
a linear programing formulation of the problem might be more versatile. 
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ment systems into a higher level, integrated system, the basic characteristic of which 
is an instantaneous capacity greater than 1. 

It can be assumed that the movement hypersystem in this framework is homogeneous, 
that is, consisting of a given number A of movement systems whose technological char­
acteristics are identical in that their non-instantaneous capacities are equal. The to­
tal ingression Y ^ in such a system varies with the amount and distribution of demand 
among the components: 

A N." 
Y =1: J 
^ i=l2Cj 

in which 
Y ^ = total ingression loss per cycle in the hypersystem, 

= capacity of component " j , " and 
Nj = demand on component " j . " 

At an earlier point i t was suggested that the total ingression among several systems 
with a common assembly point would be minimized under the condition that each com­
ponent bear that proportion of the total demand that its capacity bears to the total cap­
acity of the several systems. A hypersystem meeting these conditions wil l be referred 
to as an optimal hypersystem; no other allocation of capacity to demand wil l produce a 
lower level of ingression cost. 

Thus, in a non-optimal hypersystem a basic kind of investment decision is what 
might be called an "optimizing" decision; that is, a decision addressed to reducing or 
eliminating the disparities in average ingression costs among the component systems. 
This kind of decision is similar to that discussed with respect to simple systems: the 
selection of an investment program with the highest social benefit-cost ratio, but with 
the additional restraint that it must tend to reduce the disparities, for only in an opti­
mum hypersystem are the social costs spread equitably among all components of the 
system (to a certain extent, in a dynamic situation the operation of the urban land mar­
ket may have an optimizing effect by suppressing development in high ingression sec­
tors and encouraging it in the low ingression sectors). 

There is another kind of investment decision associated with the hypersystem. At 
what level of average ingression should the total system be planned? The standard 
which has been followed in transportation planning has been to match hourly demand 
with equal hourly capacities. This implicitly accepts an average ingression of Va hr 
per unit per cycle where the time distribution of demand within the hour is highly con­
centrated. In other words, the matching of hourly capacities to hourly volumes wil l 
produce a low volume of ingression loss only where the peak demand upon a system is 
evenly distributed throughout the hour. There is little to justify such a standard in 
terms of investment efficiency. If the marginal value of the road user's time-in-tran­
sit is high and the cost of capital low, such a standard could be grossly inefficient, for 
the social costs of ingression would be excessive. At the other extreme, where the 
value of such time is low and the cost of capital is high, such a standard might well re­
sult in the uneconomic allocation of public investment. In short, the efficient level of 
ingression loss in an optimum hypersystem wil l be a function of the costs of capital and 
the costs of ingression. 

In the course of this section, this paper has attempted to illustrate the manner in 
which ingression analysis can be applied to decision-making with respect to urban 
transportation systems, under the assumption that the proper criteria for investment 
decisions relates total direct social benefits to the total direct social costs involved 
in the transportation system. Hopefully, i t served to demonstrate that the social cost 
factor of ingression has relevance to the appraisal of an investment program for the 
elimination of a grade intersection as well as to the appraisal of a total mass transpor­
tation program for a metropolitan area. The major contribution that ingression analy­
sis can make in social decision-making is to assure a broadening of the conventional 
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benefit-cost concepts to embrace a much- larger proportion of the economic effects of 
changes in urban transportation systems. The traffic engineer and the highway planner 
play a strategic role in such decision-making; any technique which wil l permit them to 
integrate demand-capacity effects into their total framework of analysis and appraisal 
may make their recommendations more sensitive to the broad array of social objec­
tives and more persuasive to the policy-makers. 

CONCLUSION 
This paper is an effort to develop a theoretical framework within which the time 

losses associated with transportation systems can be analyzed. It takes as basic vari­
ables, (1) the load imposed upon the system in the form of deadline demand and its 
distribution in time, and (2) the technology of the system as i t affects the capacity of 
the system. It quantifies the time costs emerging from the ingression features of the 
system and suggests the limits of objective congestion costs. 

Such a theoretical expression has several virtues. It has the merit of generality; 
it can be applied to any system in which time has value to the participating units, tech­
nological capacity can be identified, and in which demand can be quantified with respect 
to a schedule of deadlines. It has versatility; i t is as relevant to the mass transit sit­
uation as to the auto-exclusive system, or even to mixed systems. It has a special 
relevance to conditions of system saturation such as peak-period conditions in urban 
traffic systems. This versatility has been demonstrated in applying the analysis to 
several special arrangements of transportation systems. It is simple in that the basic 
capacity-demand relationship is simple. Complexity in application wil l vary directly 
with the degree of precision sought. 

Not the least of its virtues are its economic characteristics. The substitution of 
capital costs for time costs is the basic feature of many investment decisions in trans­
portation systems. Ingression and congestion losses behave as pure external disecon­
omies such that as the scale of the system increases average time costs likewise in­
crease. It is the economic characteristics of the framework which permits its integra­
tion into a broader theoretical framework of the urban space economy. 

However, there is much to be done before this framework is empirically useful. 
It needs direct empirical testing, and this is a problem for transportation research. 
Simple techniques are needed for identifying the volume of demand and its time distri­
bution in such complex situations as the Central Business District; its stability in the 
short run under varying conditions must be known. This framework must be given a 
manageable spatial dimension so that one can talk in terms of the spatial distribution 
of demand and assembly points as variables in the level of these time costs. Finally, 
i t wil l take rigorous thought to determine the useful limits of such an analytical tech­
nique; to this end, this paper addresses the broad competences of both engineers and 
economists. 

Appendix A 

DEFINITION OF CAPACITY 
In this hypothetical movement system all units move under "capacity" conditions 

until demand is exhausted. This assumption is necessary to identify those losses 
which are innate in the system. Capacity in this sense is not a simple concept. 

"The complexity of the concept of capacity has given rise to a multiple definition in 
highway traffic planning: 

"Basic capacity: the maximum number of passenger cars that can pass a given point 
on a lane or roadway during one hour under the most ideal roadway and traffic condi­
tions that can possibly be attained . . . . 

"Possible capacity: the maximum number of vehicles that can pass a given point on 
a lane or roadway in one hour under prevailing roadway and traffic conditions . . . 

"Practical capacity: the maximum number of vehicles that can pass a given point 
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Fundamentally, capacity in a uniform flow movement system derives from the relation­
ship of velocity and the distance interval between successive units." 

Here two senses of the term "capacity" must be distinguished. 
1. That capacity which exists at a given average velocity in a specified system 

(either under free-flow or uniform flow conditions), or the velocity specific capacity 
c, and 

2. That capacity in a specified system which is maximum for all values of velocity, 
or system capacity C. 
Unless otherwise specified, the term "capacity" in this paper wil l refer to system cap­
acity. The velocity at which system capacity is realized wil l be referred to as cap­
acity velocity. 

If the interval remains constant (is independent of velocity) the volume in a system 
can be increased by increasing the system's velocity, and hence capacity would depend 
on the technological limits of velocity. In fact, however, the instantaneous capacity^' 
of the movement system will always be 1 until velocity is infinite, also, where the sys­
tem consists of a single path (where the system consists of more than one path, the 
instantaneous capacity wil l be equal to the number of paths). Ruling out the case of 
infinite velocity, as long as instantaneous capacity is less than system demand (which, 
by virtue of the time-restraints, is instantaneous) there wil l be ingression potential in 
the system, even at a system velocity approaching the speed of light. 

In a practical sense, however, the interval between units is not independent of vel­
ocity. As a rule, it tends to increase with velocity, and the manner in which it tends 
to increase is related to three basic technological characteristics. Each unit must 
accomodate its behavior to that of the unit immediately preceding it. The "behavior" 
of a unit consists of changing its Velocity; thus, if the unit preceding changes its velo­
city negatively, the subject unit must adjust its velocity to avoid collision. Interval 
is, hence, conditioned by the behavioral characteristics*" of the units, or more speci­
fically by the risk, feedback, and mechanical characteristics of the system. 

The risk factor is a function of the orderliness of the system; i t is inversely asso­
ciated with the ability to anticipate the behavior of preceding units. A completely 
orderly system would be one in which the behavior of preceding units could be antici­
pated by at least the time interval inherent in the feedback and mechanical characteris­
tics of the system, wherein interval would be limited only by the physical dimensions 
of the units themselves. At the other extreme is the completely disorderly system in 
which behavior of the lead unit is completely unpredictable. In this case, the behavior 
of the second unit as it accomodates itself to the behavior of the f i rs t is completely un­
predictable to the third, and so on through the system. Here minimum interval is 

"(Continued) 
on a roadway or designated lane during one hour without traffic density being so great 
as to cause unreasonable delay, hazard, or restrictions to maneuver under prevail­
ing roadway and traffic conditions . . . " 
Bureau of Public Roads and Highway Research Board, "Highway Capacity Manual." 
USGPO, Washington, p. 6-8 (1950). See also Institute of Traffic Engineers, "Traf­
fic Engineering Handbook, 2nd Ed, p. 334, New York (1950). 

"The Traffic Engineering Handbook (p. 331) expresses this as: 
5280V 

in which 
c = velocity-specific capacity in vehicles per hour, 
V = velocity in mph, and 
S = the spacing (interval) between successive vehicles in f t . 

**That is, the number of units that can occupy any single time-space position on the 
path. 

'%ut not by the actual behavior of the units. 
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governed by the mechanical and feedback characteristics of the system, and the dis­
tance between the units wil l be governed by the speed with which any one unit can re­
act effectively to unanticipated maximum changes in behavior of the preceding unit. 
Thus, the extent to which interval is a function of velocity depends on the amount of 
disorder in the system. Where the system is completely orderly, there wil l be no 
association of interval with velocity:^ where disorder prevails in the system, it is the 
time of effective response and the velocity that establish interval. It is further obvious 
that where a system is operating at capacity, disorder may be induced in the system 
by the unpredictable behavior of a single unit and that this induced disorder wil l pre­
vail in the system until dissipated by excess capacity." 

The time of effective response depends, as has been suggested, on the "feedback" 
and mechanical characteristics of the system. Feedback involves the sensing of a 
change in the behavior of the preceding unit and the assertion of controls to accomodate 
the behavior of the subject unit to it . 

A critical relationship exists between the frequency and scope of the changes to be 
controlled and the time lapse between the detection of change and the assertion of com­
pensating control. Where the sensed changes are comparatively infrequent, the rate 
of change moderate, and the feedback time very small, a movement system may ex­
hibit a high degree of articulation between units. Where, on the other hand, the sys­
tem is characterized by comparatively rapid changes with a high rate of change, and 
where the feedback time is comparatively gross, the degree of articulation may be 
very low. The crucial "feedback" factor in headway is the time lapse involved from 
the detection of change in the behavior of one unit to the assertion of compensating con­
trol in the succeeding unit. ^' If this is instantaneous, then the only elements to govern 
interval (assuming a given risk level) are the mechanical characteristics of the system; 
if comparatively slow, then interval must encompass the feedback time lapse. Assum­
ing a constant level of order in the system, then, slow feedback and high velocity would 
be associated with a very large interval. 

The mechanical characteristics of the system are purely technological. What is the 
lapsed time (or distance) from the moment that maximum controls are asserted to the 
time that the unit is decelerated to zero (this being the maximum behavioral response 
demanded of the unit)? This time (or distance) is a function of the mass of the system 
and its velocity and an inverse function of the braking power that can be applied by the 
unit at any one moment. Thus, that component of interval associated with inertial 
characteristics of the system can be diminished through a reduction of the unit's mass 
and/or velocity, or through an increase in braking power. " 
'̂ Because the behavior of all preceding units would be completely predictable, and 

there would be no time loss in adjusting to it. 
'discussion of the queueing phenomenon in the "Highway Capacity IVIanual. " p. 34. 
*°In a vehicular traffic system, the traffic engineer characterizes this feedback ele­

ment as "driver perception and reaction time. " 
'^This relationship has been generalized for automobiles in the "Traffic Engineering 

Handbook, " p. 72, as follows: 
„ 0.0105 V ^ ^ " /̂̂  B = j 

in which 
B = vehicle braking distance in f t , 
V = velocity in mph, and 
f = coefficient of friction (at a velocity of 20 mph). 

Which can be restated 
„ O.OIOSNV^^ "̂ ^̂  B = p 

in which 
F = the minimum force necessary for deceleration, and 
N = the mass of the carrier. 
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In summary, the velocity-specific capacity c of the system is a direct function of 
the velocity V of the system and an inverse function of the interval I among units: 

c = Y (9) 

Interval contains three components: the length of the unit L, the interval component re­
sulting from feedback time lapse i ^ , and the interval component associated with the 
mechanical characteristics of the system i ^ , the latter two being modified by a disor­
der function, henceforth expressed as a "risk coefficient" r as follows: 

I = L + r (ij + i ^ ) . (10) 

Here the risk coefficient r wil l vary from zero (where the system is completely orderly) 
to 1 (where the system is completely disorderly). 

The relation of the risk coefficient to some measure of orderliness wil l depend on 
the scope of potential loss, the "negative payoff," associated with malarticulation of 
the system. It would be a misleading conclusion to assume that the risk coefficient 
should always be 1 as long as there is any negative payoff. However, the size of the 
risk coefficient has a direct effect on the capacity of the system; hence the real prob­
lem of valuation of the relationship of disorder to the risk coefficient resides in the re­
lating of the marginal change in payoff to the marginal gain in capacity of the system. 
The gain in capacity can be measured in terms of the reduction of ingression in the 
system, while the valuation of the increase in negative payoff is perhaps somewhat 
more complex. 

Mathematical ejcpression can now be given to the relationship between capacity and 
the factors associated with it . 

if = (11) 
in which 

t = time lapse associated with the feedback organization. 

i„ = s ^ a.) 
in which a and b are technological constants, 

M = mass of carrier, 
F = minimum braking power to decelerate a carrier of mass M 

moving at velocity V to V = 0 in distance i ^ . (See footnote 17.) 

Then c = (13) 
r v [ t ^ + 5MV 

(Substituting Eq. 11 and Eq. 12 in Eq. 10 and Eq. 10 in Eq. 9) 

"(Continued) 
This can be associated with the more general statement in Eq. 12. 

"Thus, with respect to vehicular traffic, safe (velocity-specific) capacity might be de­
fined as that relationship between velocity and interval that exists when the spacing of 
units is governed by "driver stopping distance. " Since auto traffic has the character­
istics of a highly disordered system, it would have a risk coefficient approaching one. 
Thus, the traffic engineer's definition of driver stopping distance is analogous to the 
concept of interval with a risk coeeficient of 1. Driver stopping distance is defined 
in the "Traffic Engineering Handbook" as having three components (p. 71): (1) Driver 
perception-reaction time (which is analogous to the feedback component), (2) Brake-
lag distance, and (3) Vehicle braking distance (the latter two being subsumed in the 
mechanical component of the author's formulation). 
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and C = c(max) (14) 
= c, where dc/dv = 0 

and the second derivative < 0 
in which C = system capacity 

The capacity of the movement system, then, willvary with system velocity, but in a fash­
ion determined by the level of system disorder, by the nature of the control system, andby 
the technological relationship of mass and braking power of the units of the system. 

^'"The Highway Capacity Manual" (Table I , p. 3) presents some 23 expressions for 
"safe following distance" in terms of velocity. Al l of these expressions have the 
general form 

if 
xV'̂  + zV + L 

X = aMr 

y = b, and 
z = r t ^ . 

This general form is converted to the author's expression, which is the denominator 
in Eq. 13. Thus, "safe following distance" corresponds in mathematical e3q)ression 
with the concept of interval, especially if r = 1, as seems indicated. 

K the five expressions which accept x = 0 (which appear to assume no braking dis­
tance) and the three expressions which take z = 0 (thus assuming no driver reaction 
time) are disregarded, 15 e3g)ressions are left which are " f u l l . " These 15 equations 
describe a set of curves which are convex upward and which are heavily skewed in 
the direction of the vertical (or capacity) axis. (See Figure 1, p. 2 of the "Highway 
Capacity Manual.") Their maximums fa l l between 8.3 mph and 28. 3 mph, and they 
range in volume between 1,050 and 2,520 vehicles per hour for a single traffic lane. 
The values for t ranged from 0.50 to 1. 00 second (with 9 accepting the high value); c 
13 of the 15 accepted y = 2, while 2 assumed y = 2. 3 (this is the decimal equivalent 
of 7/3 (see footnote 17); the values for x when divided by the conversion factor 
to compensate for expression in terms of ft/sec ranged from0.0116 to 0.157 with 12 
using values less than 0.05. The important point is that as long as x, y, and z, have 
positive values greater than 1, there wil l always be a "maximum" capacity associated 
with a system, and that capacity wil l be defined by the velocity. It is this "maximum" 
capacity that is implied in the use of the term "system capacity." 

It should be acknowledged that where feedback is instantaneous, and where the 
mechanical characteristics of all carriers are uniform, theoretically the most per­
suasive e:q)ression is that which takes the coefficient x = 0, such that 

I = zV + L 
A little reflection wil l justify this: if the feedback time is instantaneous two vehicles 
could be moving in the system "bumper to bumper" (I = L) and any change in the be­
havior of the f i rs t would be simultaneously compensated for by the second; here both 
X and z = 0. Where the braking distance is uniform for all units, it cancels out as 
a spacing element, leaving only the independent variables of velocity and feedback 
time. 

A capacity expression based on such a spacing expression yields a C that increases 
with V to some asymptotic value. This value is, in fact z^'^ ^ at a capacity velocity 
of infinity. 

For purposes of simplicity, this paper has assumed that x has a positive value 
greater than 0 because this appears to conform more closely to empirical observa­
tions. 

See also discussion in Beckmann, et al., op. cit., p. 19. 
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Appendix B 

MATHEMATICS OF INGRESSION 
B-1: System Ingression-(Refer to Figures 1, 2, 3, and 4) 

The quantity of ingression loss experienced by the (n - i)th unit is 

"n - i " C" 
For convenience of notation this ejqjression can be modified: 

(16) 
in which 

y^ = ingression loss experienced by the ith arrival, 
n = total number of arrivals, and 
C = capacity of the movement system. 

Expressing the total number of arrivals n as system demand N, the mathematical ex­
pression for total ingression loss Y in such a system can be derived as follows: 

The average ingression loss y, or ingression loss per unit demand is then, 
- _ N - 1 
^ ~ 2C • 

The marginal ingression loss in terms of demand y^ is or 

(18) 

v- - ^ N - ^ (19) ^N 2C ^̂ >̂ 
and the marginal ingression loss in terms of capacity y^ is ^ or 

y'c - (20) 
Where both N and C are quite large, the following can be approximated: 

Y = (21) 

y 2C 

^N C 

Ingression loss being a time loss, it is expressed in units of time established by the 
capacity statement, which may be in terms of units per second, minute, hour, etc. 
Where risk factors and demand on the system are fixed, the level of ingression loss in 
the system can be decreased only through an increase in the capacity of the system, 
and this can be effected in only two ways: (1) by increasing the number of paths (and 
thus increasing the instantaneous capacity of the system) and (2) by modifying the tech­
nological features of the system (braking power, feedback time, mass). (See Appendix 
A.) 
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B-2: Ingression Loss in a Simple, Interrupted System—(Refer to Figures 6 and 7) 
The problem is to define interruption ingression loss Y' in terms of the length of 

the system T, the position of an interruptor i , the distribution of units along the sys­
tem R and N ^ , the basic capacity of the system C, and the pulse characteristics of 
the interruptor p and p. 

(a) N = total demand in the system; 
(b) N. = f i rs t element (or interrupted) demand; 
(c) N ^ = second element (or uninterrupted) demand; 
(d) R = pulse-interval ratio = fi , when p = the time length of the period in which 

flow takes place through the interruptor, and p = the period of no flow. 
k = the proportion of moving in the saturated component; or the number of 
pulses of interrupted demand matched by pulses of uninterrupted demand d i ­
vided by the total number of pulses of interrupted demand, thus 

kN, RN_, 
(e) R = ^ , andk = - = ^ 

(f) r = ratio of interruption, or relative pulse = p ^ g l e i ^ h (also referred to as 
the interruption restraint). 

(N_, + kN.)" 
Y4 = ^2C ' (22) 

from the general ingression equation Y = This is the simple ingression loss gen­

erated in the saturated sector. 

(N_, + kN.) 
Y " = - 3 - ^ - ^ ( 1 - k ) N . , (23) 

Y" is the ingression imposed on the nonsaturated component by the time necessary to 
exhaust (N,j, + kNl) which is the demand in the saturated component. 

r ( l - k)N ]» 
Yl = ' ' (24) 

Yl is the simple ingression loss deriving from the nonsaturated segment, from the 
general ingression equation (see Eq. 22). Here (1 - k)N. is the demand in the unsatur­
ated component and r is the interruption restraint on the capacity of the unsaturated 
component. (See description of problem, pp. 9, 10.) 

Y = Yl + Yi + Y" (25) 
by definition, Y being the total ingression loss in the system. 

(N^ + kN.f (N^ + kNj) (1 - k)N. [(1 - k)N.] ' 
Y = ^ + g + -2?C (26) 

N ^ = N - N . , (27) 

by definition. 

(N - N. + kN.)» (N - N. + kN.) (1 - k)N. [(1 - k)N 
2C ' ^ ^ - C ^ ^ - 2 7 C - ^ (28) 



25 

but (N - N. + kN.) = [ N - (1 - k)N.] (29) 

Let (1 - k)N. = a (30) 
by definition. 

Then (N - a)' , (N - a)a . a» . (31) 
* ~ 2C C 2rC 

Y = rN ' - 2raN + ra' + 2raN - 2ra'' + a", a'(l - r) + rN* 
2rC 2rC (32) 

.Y = Y - Y , andY = | ^ , (33) 

by definition, interruption ingression loss .Y being the difference between the aggre­
gate ingression loss of the interrupted system Y and its simple ingression loss Y. 

. V . ^ (34, 

but ^ = r ^ (̂ )̂ 
from (d) and (f). 

i ' " 2RC Y = »6. (36) 

RN 

but a = (1 - k)N., k = , (37) 

from Eq. 30 and (f). 

a = N. - RN^ (38) 

(N. - RN„)» 
iY = ^ R C ^ ' (38) 

substituting Eq. 38 in Eq. 36. 
Where R = ^ , and a > 0 under the considerations previously posited, 0 < k < l . Thus 

interruption ingression loss varies with the location of the interruptor ( R / N^) and 
the pulse-interval ratio. Given a density distribution in such a system, the amount of 
interruption ingression depends essentially on the positionii^ of the interruptor, in­
creasing as i t approaches the assembly point. It depends, in the second place on the 
value of R. 

B-3: Interruption-Ingression, Effect on Compound System—(Refer to Figures 8 and 9) 
A realistic restraint on the value of R emerges from the intersection of two simple 

systems, much as in the manner of the intersection of two arterial streets, where a 
traffic signal regulates the alternate flows of traffic. 

(a) jYi and jYa = interruption ingression loss on systems 1 and 2, respectively; 
(b) jYi4a = interruption ingression loss in both systems; 
(c) iN = total demand on system 1; 
(d) aN = total demand on system 2; 
(e) i N ^ and aN^ = uninterrupted segment of demand on both systems; 
(f) iR and aR = pulse-interval ratios on systems 1 and 2, respectively; 
(g) iC and aC = respective capacities of the two systems; and 
(h) q = queuing loss constant. 
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To find: The total interruption ingression loss in both systems in terms of the pulse-
interval ratios, the capacities of the systems, and the distribution of demand on both 
systems with respect to the point of intersection. 

= + jY, (40) 
by definition. 

Let iN. = iN - (41) 

and 
2N. = aN - sN^ 

by definition. 
(iN - iN_, - xRiN„)" (aN - 2N - jHgN)^ 

I^^= 2,C,R ^''^ 
see E q . 39. 

and 

2R=̂  P 2P 
P iP + q ' see definition (d) in Subsection B-2. 

iP + 2P + q = 1 

'^%R;S:V) (44) 
[ iN - iN^ (iR + 1)]" [2N(iR + qiR + q) - aN^dR + 1)]' 

1̂ +̂" = 2ICIR + 2 2 C [ 1 -q ( iR+l) ] [ ,R+qGRT-D] ^̂ S) 
substituting Eq. 44 into Eq. 42 and Eq. 42 into Eq. 40. 

Eq. 45 answers the requirements. Given two intersecting systems, their capacities, 
their distribution of demand with respect to the point of intersection and given the tech­
nological constant q, the total interruption ingression loss in the two systems is a di­
rect function of the pulse-interval ratio R (expressed in terms of the f i rs t system iR). 
Examination of this equation indicates that there is a case, given the demand on each 
system and the value of iR, in which there is a value for iN^ and 2N̂  such that the 
aggregate interruption ingression loss will be zero. In all other cases, however, there 
is a positive interruption load loss in the system. Given all other factors except iR, 
there is a value for iR that will minimize this interruption ingression loss. There is 
a different value for iR that will equate the average ingression loss in the two systems. 

2N iN 
In the special case where = the iR which wil l equate the average values wil l 
also provide the minimum interruption ingression loss in the systems. 

B-4; The Ingression Consequences of Complex Time Restraints 
Assume that the arrival time restraint requires that all units be present at the des­

tination at some time during the time period T i - T2 (the time-space fixed arrival re­
straint hitherto has required that all units be present at the destination at the fixed 
time T). So long as the demand on the system does not exceed the capacity of the sys­
tem during this period, there is no ingression loss, that is to say, an arrival time can 
be selected for each unit such that i t wi l l fa l l within T i - T2, and associated with a de­
parture time, such that the only time loss is that of ideal travel time. Where demand 
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exceeds capacity, however, i t is necessary to satisfy the restraint that the excess de­
mand arrive at the destination in advance of the period, and there wait until the period 
begins. Thus ingression loss exists in this system only when demand exceeds the de­
rived capacity of the period and can be expressed as follows: 

Y = ^ ^ 2 0 ^ ^ ^ " ' N>Ct; for all other values of N, Y = 0. (46) 

in which 
N = total demand in the system, 
C = capacity of the system, and 
t = elapsed time between the limits of the arrival time restraint. 

An extension of this argument will govern the case in which the total demand is bro­
ken up into segments, each having a different arrival time restraint, but using the 
same system. This is analogous to the staggering of working hours in the CBD and 
can be expressed as follows: 

(a) V = an operation symbol, viz. a V b: "a or b, whichever is larger;" 
(b) n ' = cumulative excess demand not satisfied by capacity of periods a to x; 

Si 

(c) N = actual demand associated with period a; 
(d) C = capacity per unit of time; 
(e) n = excess of demand for period a over capacity for period a; 

a 
(f) t = time length of period a; 

a 
(g) X = total number of periods; 
(h) a= 1, 2, 3, . . . ,x; 
(i) m = impairment of volume in period a resulting from cumulative excess 

a 
volume in period a + 2 and later; and 

(j) Y = ingression loss developed by excess of demand over capacity in period a. 
3, 

K - [ ( N , V Ct^) - Ct^] . [ ( N ^ . j V Ct^_^) - Ct^_^]. . . . (47) 

^t (N, . ( , . l )VCt^_(^ .^^) -Ct^_(^ .^^] 
Let [(N V Ct ) - Ct ] = n (48) 

a 3, a a 
X 

Then n ' = n^ + n^ , + . . . + n , 2 N, (49) 
a X x-1 x-(a-l) b=x-(a-l) ^ 

X 

m = n + n , + . . . + n , „ v - c t , S n . - c t , (50) 
a X x-1 x-(a-2) x-(a-l) b=x-(a-2) ° x-(a-l) ' 

^a = 2C (^1) 

or, in high volume systems Y = n'* - m * 
a a a 

in which Y = total ingression loss over x periods. 

2C 

S Y (52) 
a=l ^ 
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Two conclusions are immediately generated from this expression: the maximum 
ii^ression loss results when all of the t's are equal to zero, this being the case of the 
fixed arrival time restraint. When this is the case, the value of this expression be-
comes A minimum value for this expression exists for any set of t values such 
that for every pair Ct^, N^, Ctj>N.. 

This is in essence the case of the total ingression of N broken down into k indepen­
dent systems, each having identical capacity restraints, and the value of the expres­
sion becomes: 

2C 
Where neither of the special conditions above exists, 

(Ni + Na + Na + . . . + N. )" N? + N? + N | + . . . + N? 

2C ^ ^ ^ ^ 2C 
Thus the expression to the right can be modified to meet the conditions specified 

where the time-of-arrival restraints are defined as a time period, as mentioned 
earlier. 



The Central Business District and 
Its Implications for Highway Planning 
RAYMOND E. MURPHY, Graduate School of Geography, Clark University 

• IN EVERY American city there is one major focus or area of concentration known 
as the Central Business District or the CBD (Fig. 1). This area is variously treated 
in highway planning. In some cities major routes st i l l pass through the district, caus­
ing serious traffic congestion at busy periods. In other cities major through routes 
by-pass the CBD or at least avoid its peak intersection. In st i l l others, although ma­
jor arteries do not enter the district they are routed around its circumference with 
shuttle buses or other arrangements to take pedestrians into the CBD. However it is 
treated the district remains a major target area for those planning the transportation 
routes of the metropolis. 

This paper proposes to discuss the CBD. First, some of the area's distinguishing 
characteristics wil l be considered. 

The characteristic that most people probably think of immediately is the presence 
of high buildings. Though isolated buildings may stick up above the skyline elsewhere 
in the city the CBD has the greatest concentration of such buildings, the greatest av­
erage building height. 

A concentration of certain functional establishments is even more of an index to the 
CBD. Here, typically, are the major office buildings and banks, the major hotels, 
the principal concentration of business services, and various associated establishments. 
Department stores and specialized clothing stores are likely to be present also in spite 
of the growing competition from outlying shopping centers. Typically, the whole CBD 
assemblage serves the entire city rather than a section of i t , and people of all levels 
rather than those of any one class or group. 

A feature of the CBD that wil l play an important role in this paper is the peak land 
value intersection. The district is likely to have one intersection around which land 
values average higher than anywhere else in the city. 

There are st i l l other features and characteristics. In the largest cities the CBD 
ordinarily shows a pronounced regionalization, with a financial district, a theater dis­
trict, and the like. And, unfortunately, many CBDs show their age, since the district 
was one of the f i rs t parts of the city to be built and hence is likely to be suffering from 
obsolescence. This suggests stil l another element of the picture: a zone of deteriora­
tion that characteristically borders much of the district. 

But how are these aspects of the CBD related to highway planning? A few relation­
ships seem obvious. In the f i rs t place, in every city the primary CBD transportation 
problems are those of access and parking. These are the basic concerns. Closely 
related are decisions regarding mass transit, and decisions as to whether to allow di­
rect access to the CBD or, instead, to take such drastic steps as restricting individual 
cars to circumferential routes, leaving the district a pedestrian's domain. 

The value of routes built to the CBD has been questioned on the grounds that freeways 
for moving people into and out of the district may use up so much land that nothing 
worth reaching is left at the center. But an opposite point of view recently e^ressed 
is that highway programs may do more to rejuvenate the CBD than urban renewal wi l l . 

Certainly, care must be taken in planning routes that traverse the district. It is 
coming to be realized that an office and banking complex is likely to form the vital 
heart of the CBD. This must be left intact. Nearly every CBD has barriers to expan­
sion in several directions—a steep slope, a stream, railroads, possibly a park. There 
may be some one direction, on the other hand, in which the district is growing. A free­
way would certainly fai l of its purpose if it blocked this direction of natural growth. 

Considerations such as these point to the need for more knowledge about the dis t r ic t -
not just more about a certain CBD but more about CBDs in general. 

29 
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This is not to imply, of course, that no research thus far has been aimed at the dis­
trict. Numerous local CBD studies have been carried out in connection with city plan­
ning, and a few more basic studies have been made or are in progress. The latter at­
tack has taken several directions. A few of these may be noted. 

There have been, for example, attempts to calculate or estimate the population of 
the CBD for various hours of the day (2, 3). Origin and destination surveys have formed 
the bases for the chief studies along this line. It need hardly be pointed out that such 
estimates are of prime importance in traffic planning. 

This has been just one line of CBD research. Various others might be mentioned. 
An urban land economist used directories as a basis for analyzing changes in functional 
establishments in the CBD of Madison, Wisconsin (7). This was an attempt to discover 
more about the reputed decline of CBDs. The Alderson and Sessions study of the Phila­
delphia CBD U) has attracted wide attention since it was aimed at forecasting future 
space demands in the CBD of that city and hence future transportation needs. And there 
have been various other lines of research initiated which wil l not be discussed here. 

For the most part these studies have had two characteristics which limit their value. 
Almost without exception they have been focused upon only one CBD—that of some par­
ticular city. Secondly, little attention has been paid to the delimitation of the district 
that they have focused on. 

This matter of delimitation has not been given the attention it deserves. If the plan­
ning board in a city wishes to make studies of that city's CBD for local planning pur­
poses, it is obviously their perogative to delimit the district as they see f i t . But i t is 
the author's belief that one of the best ways to learn more about the nature and func­
tioning of the CBD is through comparative studies of such districts in a number of 
cities. For these comparisons to mean anything, a standardized method of delimiting 
the CBD must be used in the various cities. 

A few years ago the author collaborated with J. E. Vance, Jr., now on the faculty at 
the University of California, in a comparative study of the CBDs of nine moderate-
sized American cities: Grand Rapids, Mobile, Phoenix, Roanoke, Sacramento, Salt 
Lake City, Tacoma, Tulsa, and Worcester. A primary aim of this study was the de­
velopment of a standardized delimitation method so that a comparison of the districts 
of several cities would mean something. 

After investigating various possibilities i t was decided that the only practicable ap­
proach was through land-use mapping. In each of the nine cities mapping covered the 
land use of what might be called the obvious CBD and extended well beyond, including 

all of the area that by any stretch of the 
imagination might be considered as be­
longing in the district. From this field 
work three maps were, made for each c i t y -
one of ground floor use, one of second 
floor use, and a third map on which the use 
of the third and higher floors was gener­
alized. Calculations from these maps 
formed the basis for the delimitation tech­
nique and for various comparisons of the 
CBDs of the nine cities. 

The technique developed (5) can be only 
briefly summarized here. It was early de­
cided that i t should be based upon complete 
city blocks, since to split blocks would in­
volve too many subjective decisions. An­
other element of the method was the desig­
nation of certain types of land-use occu-
pence as noncentral-business in character. 
These included residences, industrial es-

Figure 1. The Central Business District tablishments, organizational establish-
of Trenton, delimited according to the ments, wholesaling, governmental and 

technique described in this paper. 
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public use, vacant buildii^ space and vacant lots, and commercial storage. In con­
trast, all other land uses were considered to be central business uses. 

The technique involves the application of two indexes. To be considered as lying 
within the CBD a block has to have a Central Business Height Index of 1 or more; that 
is, central business uses (in contrast to noncentral-business uses) have to average 
one story or more for the block. Secondly, the block has to have a Central Business 
Intensity Index of 50 percent or more; that is, at least' 50 percent of all floor space 
at all levels combined has to be in central business uses. In addition to qualifying on 
the bases of both of these indexes, the block has to be one of a contiguous group of 
such blocks surrounding the peak land value intersection. Finally, a few special rules 
were set up to meet frequently recurring problems. 

It is not claimed that the area delimited by this method is the CBD. The district's 
edge is gradational so that no line boundary can be more than an approximation. But 
it is believed the area arrived at represents a fair approximation of the extent of the 
district. The most important point is that since the same delimitation technique is 
used in each city the delimited areas should be comparable. 

Of course, the purpose of a standardized delimitation procedure is to give a basis 
for comparing CBDs. In the previous work (4) only nine were compared, and these 
were in cities which did not depart far from 200,000 in population. But a comparison 
even within these limits made possible the beginnings of some generalizations regard­
ing the CBD. 

For example, for the cities studied the average land use was determined. Total 
CBD floor space was found to be greatest in Salt Lake City and least in Mobile. Par­
ticularly notable was the great relative importance of service, financial, and office 
uses in Tulsa's CBD, especially the high proportion of space devoted to headquarters 
offices and general offfices. Worcester's CBD was found to have a higher proportion 
of residential and industrial use than any of the others. The importance of these non-
central uses reflects the fact that Worcester is an old northeastern city, established 
at a time when homes as well as factories were built as closely as possible to the cen­
ter of the city. These are only samples of the many conclusions made possible by a 
comparison of the one land use proportions of the several CBDs. 

Land use was also analyzed in terms of walking zones (6), based on the peak land 
value intersection: Zone 1, 0-100 yd from the intersection; Zone 2, 100-200 yd, etc. 
The analysis was carried out for each floor in each zone for each city, and for an av­
erage of eight of the cities. 

Some interesting facts emerged. For example, the tallest buildings were found not 
to occur close to the peak intersection, but, instead, in the second 100-yd zone from 
the intersection. Department stores tended to cluster near the peak intersection; so, 
too, did clothing stores. Hotels, on the other hand, were more common several hun­
dred yards from the intersection than in its immediate vicinity. Similarly, offices 
seemed to avoid the f i r s t 100-yd walking zone around the peak intersection. 

Variation in CBD size from city to city was also a subject of concern. Does the 
CBD size vary directly with city size? Though the investigations suggested that this 
was the case, the cities studied were too limited in size range to give much information 
on this point. 

Another subject investigated was barriers. Railroads, steep slopes, parks, water 
bodies, public buildings and expressways are among the barriers that have impeded 
expansion of the district and thus have affected CBD shape. It is rare indeed for the 
district to be open for growth in all directions. Much more often the types of barriers 
mentioned have limited growth in certain directions thus doing much to account for the 
present CBD outline. 

The studies told something, too, of the actual mechanics of CBD growth. Typically, 
the district is not static, but, instead, is shifting in one direction or another, and zones 
of assimilation and of discard are observable. Interestingly, the center of area of the 
CBD generally lies in that direction from the peak land value intersection in which the 
district appears to be e:q)anding. 

Enough has been said to indicate the nature of the results. They are just a beginning 
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on what could be learned about the CBD through comparative studies based on districts 
delimited by the same technique in various cities. 

The most important step in e:q>anding such comparative studies should be the delim­
itation of CBDs in a complete size range of cities. In the research described in this 
paper only cities of approximately 200,000 population were studied, but there is no 
reason the technique should not work for much larger cities. Just how does the CBD 
change in size, in land use, and in other respects with increasing city size? Does cen­
tral business floor space vary directly with city size no matter how large the city? At 
what size does the CBD begin to exhibit functional subregions-a financial district, a 
theater district, and the like? Such knowledge should be useful in transportation plan­
ning. 

A second line of attack that seems promisir^ has to do with the mechanics of growth. 
Reference was made earlier to the fact that the CBD is not static but, instead, seems 
to be advancing along some edges and retreating or declining along others. This pro­
cess needs to be examined more carefully through the comparative study method. 

There are other questions for further research. How does the CBD vary with type of 
city? One might expect i t to be better developed in cities that are predominantly com­
mercial than in industrial cities but this remains to be proved. How can differences in 
CBD quality be measured? The same amount of floor space may be devoted to central 
business functions in one city as in another, but in one the hotels and other establish­
ments are of much higher quality. An objective method of measuring such quality dif­
ferences is badly needed. 

Another general problem that needs further study has to do with the functions that 
add most to the CBD in contrast to those that are of little value. What, might be asked, 
is the ideal assemblage? ^ r e e d that a prosperous CBD is desirable for a city, just 
what combination of functions best achieves this end? 

In summary, what this paper has tried to point out is that the CBD should be better 
understood if i t is to be dealt with properly either in route planning or in other ways. 
A recommended line of attack is through comparative studies of CBDs, delimited on a 
standardized basis. But this is a type of research for which i t is difficult to find sup­
port since i t is basic rather than applied and particularly since it is multi-city in char­
acter. 

All this may seem distant to highway research, but this is not necessarily true. 
Good planning of transportation routes in urban areas requires an understanding of the 
city, and there is no section of the city that is more complex and sensitive than the 
Central Business District. 
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New Roads for Old Cities: European Experience 
WALTER F. BOGNER, Professor of Architecture, Graduate School of Design, Har­
vard University, Cambridge, Massachusetts 

• CITY TRAFFIC and parking are troublesome the world over; whether they involve 
quantities of big vehicles on the straight roads of American cities, or a lot of little 
cars mixed with trucks, bicycles, horse and ox-carts on the winding streets of Euro­
pean towns. Many cities on the Continent had to be rebuilt following their wartime de­
struction. The opportunity existed to plan anew, to build, and to learn from the accom­
plishments and mistakes in rebuilding. 

Invited by the Federal Republic of Germany to study reconstruction, the author was 
given an unusual insight into that country's planning efforts; therefore, this paper wil l 
be slanted toward German e}q>erience, but wil l also deal with impressions gained in 
Austria and Holland, where interesting things have been done. 

European cities have as yet escaped many of the harmful consequences of automo­
tive travel that are plaguing the urban centers of the United States. There is no out­
ward evidence that business flees to the country leaving the downtown shopping streets 
to wither away. Railroads, streetcars and other common carriers are doing a good 
business and the service and equipment are improving, while they are deteriorating 
in this country. Farms and fields and woodlands are not being recklessly destroyed 
by an uncontrolled scattering of new developments in the country. For the most part 
the hearts of the urban areas are teeming with life, the stores are prospering in loca­
tions they have occupied for decades and over centuries, and the whole pattern of ur­
ban living conveys a sense of stability. These European conditions are comforting to 
Americans who hear and see a great deal of the threatening doom of cities. 

Urban growth and the adjustment to new conditions have continued in Europe through­
out the centuries of social and technological progress. Ancient, medieval. Renaissance 
and modern street patterns exist side by side-or have successively replaced each other 
without disrupting that delicate relationship between people and their environment that 
makes the public love and support their cities. The crooked foot paths and narrow 
shopping alleys of the towns of the middle ages are taking on a new significance under 
the realization that there should be shopping lanes exclusively for pedestrians. The 
broad and tree-lined avenues and the monumental squares of renaissance towns built 
in the grand manner make i t possible today for undreamed of volumes of twentieth cen­
tury motor cars to flow and to find at least once in a while a parking place. Past ef­
forts to make cities beautiful and impressive are finding their reward today. Land-
takings, demolition and boldness in planning, that even in this age of redevelopment 
seems astounding, have become more than justified. Millions of tourists spend their 
money to see these old accomplishments in urban design that rich America has been 
unable to achieve. 

Modern cities that have risen on the hopeless heaps of rubble left by the bombings 
of the last war present fascinating laboratories for urban research. The rebuilding 
of German cities has brought about the opportunity to change the street plans and im­
prove traffic. But this could only be done to the extent that the city architects pro­
vided the vision and leadership for the preparation of the plans, and the prevailing 
laws and financial limitations permitted their execution. The hampering forces to the 
achievement of ideals were the government's insistence to hold to the rights of indivi­
dual property owners and the popular demand to rebuild along the old lines. In spite 
of i t all, the reconstruction is now approaching completion, at least in West Germany, 
and the accomplishments in the repair to dreadful war damage are tremendous. Traffic 
and transportation, next to housing, have been the most important concerns of all cities 
in the process of reconstruction. Each town has i t General Plan that establishes the 
transportation system; the use of land for housing, industry, etc.; the open spaces; 
forests and water; and various stages for the execution of improvements. (See Flaecher-
nutzungs Plan, Stadt Stuttgart.) 
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The General Plan is developed in the city building office which combines all the de­
partments needed for the planning and execution of an integrated program for improve­
ments in the city. For example, the city of Hamburg has a building office with seven 
departments under a chief architect who has control over all building activity, the plan­
ning of the city and the design of public buildings. He directs and correlates the work 
of his departments of (1) town planning, (2) housing, (3) school and public building 
planning, (4) streets and utilities, (5) building inspection and zoning control, (6) parks, 
playgrounds, and cemeteries, and (7) surveys and deeds. Directly above him is the 
political government represented by two senators in charge of building who act as in­
termediaries between politics and planning. They have their contact with the voters 
through an elected fifteen-man building commission. Besides the seven technical de­
partments, offices for personnel, the assessors, and the legal department are tied 
into the building office. This type of organization not only makes it possible to pre­
pare comprehensive plans, but also to have them carried out. The director is a civil 
servant under tenure. In Germany, an awareness of the importance of the chief of 
building operations to the life and prestige of the city results in the choice of superior 
personnel for these posts. The positions are usually held by architects with training 
in city planning and experience in private practice and in some municipal building de­
partment. The men holding the job in larger cities are broadly educated, and have an 
understanding of the problems of the cities, the needs of people and the art of civic de­
sign gained through their work and extensive travel in Europe and other continents. 
Most of the European cities have a proportionately larger territory within their boun­
daries than do American cities. Annexation of bordering communities is going on all 
the time. Having the plans under fu l l control in one political entity makes planning 
there easier than in so many American cities where a great number of local govern­
ments are involved, (for example, in metropolitan Boston, with over sixty separate 
cities and towns, i t is virtually impossible to accomplish unified planning). 

Germany started a network of superior highways for long-distance travel in the 
1930's with the construction of the Autobahnen. These are limited-access roads that 
connect the outskirts of the principal cities and lead to the borders of the country. They 
were built primarily for military reasons. Their design standards were visionary at 
the time of their construction; now they seem antiquated and ready for widening and 
improvements at intersections. More of them are needed. The country has had to 
f i r s t rebuild practically all bridges on the road because they were blown up at the end 
of the war; it is now replacing pavements that have become worn under twenty years 
of hard usage which included five years of war. The increase in road construction for 
Germany in 1958 was 25 percent over 1957, while for the U. S. it was only 12.5 per­
cent. The total length of the Autobahnen in 1955 was 2,175 kilometers—approximately 
1,360 miles—and for a 12-yr construction program, an additional 2,000 kilometers 
(1,250 miles) are planned. To give the figures meaning. West Germany has an area 
of 94,252 square miles or approximately the equal of the combined states of New York 
and Pennsylvania. In function, the Autobahnen serve Germany as the Pennsylvania and 
New York turnpikes do their states. The other roads of the transportation network con­
sist of state highways, country roads and local roads, much as it does in this country 
with one major exception; there are no ugly wooden telegraph poles and, in compari­
son to this country, practically no billboards. Wires are often carried in pre-cast con­
crete conduits in slabs that form the shoulders or bicycle paths of the roads. Cities 
are building high-speed feeder roads (Schnellwege) leading to the Autobahnen to improve 
the present hazardous and inadequate connections. 

The street layout of European cities never follows the checkerboard gridiron pattern 
for which U. S. traffic engineers have developed their technique. Each of the old c i ­
ties presents a special problem that is usually far more difficult to solve. Only one 
general principle remains in common with this country; that is, to keep all traffic out 
of the heart of the city that does not have to be there. Out of this premise grows the 
method for relieving downtown congestion that is rather generally applied in German 
cities. A curved highway, or a rectangular belt of tangential roads is developed around 
the core of the city to draw off the traffic. This is an old way of keeping the heart of 
the city alive. It was just as good at the end of the middle ages when horses and car-
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riages replaced the beasts of burden as i t is today when the motor cars are taking ov­
er. In some cities, the central area is s t i l l the original medieval town. When the old 
city walls were leveled, the areas cleared of fortifications were converted into a ring 
road; as, for example, at the famous Ring Strasse in Vienna, without which the city 
could not function today. From the businessman's point of view, these Ringstrassen— 
or Anlagen, as a similar park belt is called in Frankfurt—are the best "locations" in 
town. The park and the central position give the buildings a quiet yet prominent loca­
tion with convenient access from all points of the city. Since the United States lost the 
"city beautiful movement," to which Chicago owes a tremendous debt of gratitude for 
its Michigan Avenue and Lake Shore Parks, its roadsides are being neglected. 

Many opportunities to provide protective planting along inner belt roads were also 
lost in Europe in the pressure to create as much marketable and income-producing 
real estate as possible. The recently developed inner belts created as traffic roads 
are on the street level with only occasional grade separations at intersections; the ma­
jor intersections are commonly handled with traffic circles. The city of Stuttgart is 
turning a difficult topography to the advantage of an interchange solution; i t intends to 
dig into the hillside to create tunnels for the turning movements. Ordinarily traffic 
from the central area is led into the inner belt at intersections with a channelized traf­
fic flow pattern which they have learned from the U. S. 

There is a tendency to set aside streets exclusively for pedestrians in the shopping 
areas and in old cities where the space between buildings is too narrow for cars. The 
old, narrow roads have become lanes for stores; they have that subtle width that tempts 
pedestrians into becoming shoppers. In Vienna, a pedestrian underpass has been cre­
ated in the form of a most attractive shopping area with a central cafe. The approaches 
are by escalator and the underground shops and restaurant deny all thought that an un­
derpass must be that dirty, smelly and unsafe place for women known from experiences 
in this country. 

Widening and straightening of roads, creating new frontage lines, establishing ar­
cades along the shops are continuing operations to help traffic flow. Here is where 
the ingenuity, patience and persuasive power of the city planners come into play. Street 
widenings in this country ar:e associated with ugly scars that never seem to cure them­
selves. However, if an architect is working with the city planner, some rather re­
markable results can be achieved. Take for example Georg Strasse in Hannover. Here 
on a broad diagonal street a large public building was to be erected. Skillful maneuver­
ing on the part of the city architect resulted in placing the building on the block behind 
the one cut diagonally, which was then cleared, planted and architecturally treated to 
enrich the setting for the new building and to form an attractive park for recreation 
with strips for parking on its fringes. 

Downtown parking is the same problem the world over to which the present solutions 
are mere palliatives. Europe has the advantage of possessing public squares and mar­
ket areas that offer parking spaces. Cities are building large garage structures, and 
in some places like Munich, underground areas or basements of commercial building 
groups are used for parking. Frankfurt closes the street crossings of one of its main 
streets (Kaiserstrasse) and devotes the side streets solely to parking and deliveries. 

Each country solves its traffic and city planning problem in its own way. 
Rotterdam in Holland has made the most of any city out of rebuilding a bombed-out 

central area. Immediately after the catastrophe in the spring of 1940, the city took 
over the entire damaged area. For five war years, the architects and planners of 
the city were busy developing the most farsighted plan that could be conceived. The re­
quired open space between buildings was increased by twenty percent. Dwellings were 
created in tall—high rise—slab structures. The famed pedestrian shopping streets 
called Ljinbahn were built. Now that reconstruction is nearly finished, the world finds 
that Rotterdam has the most modern downtown area; every problem has been most 
beautifully solved except for traffic and parking. Little did its planners—working in 
isolation during the war years—know about the post-war increases in cars and in car 
sizes. 

The number of passenger vehicles has quadrupled in the last ten years in Western 
European countries. Adding further to the space problem, the small cars are becom-
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ing medium sized and motor cyclists shift to cars as they now can afford them. The 
average number of persons per passenger car varies country by country, and even 
city by city; Sweden has 9 persons per car; Switzerland, 15; Austria, 20; Italy, 40; and 
Germany, an average of 19, with 8 to 12 in niany cities, compared with 3 for the Uni­
ted States and 5 for Canada. 

The increasing number of cars, combined with the concentration of an increasing 
number of people due to higher buildings in the central areas, cause the dilemma of 
cities. This fact is proved by experience in Europe as much as here. Germany is 
trying to do something about i t . 

A new law is being debated, which attempts to relieve congestion by setting a lower 
limit to the density of building. By requiring more open space, two things are aimed 
for: f i rs t , better housing and more healthful conditions to life in the city; second, 
less congestion on the roads. This new Federal Building Law of Germany proposes a 
sweeping reform to meet technological progress and to provide for improvement in the 
social and cultural life of the people. 

While in this large country, it would be useless to attempt to imitate what Germany 
or other European countries have done in their smaller territories, i t is nevertheless 
possible to draw important lessons from European e^erience: this paper has pointed 
to these: 

1. The hearts of European cities are sound. 
2. Transportation on common carriers flourishes. 
3. Natural landscape and the source of water in the land around cities are being 

conserved. 
4. Urban design with the aim to create a beautiful city has found its reward. 
5. The increase of open space and the reduction in the density of development of 

urban land promises to keep cities alive and the roads functionii^. 
To sum up, the building of roads in cities is an integral part of the planning of c i ­

ties. Results grow out of the coordinated attack of all problems related to bettering 
man's environment in this age of rapid technological progress. 



General Planning, Urban Renewal, and Highways 
RICHARD L. STEINER, Commissioner, Urban Renewal Administration, Housing and 
Home Finance Agency, Washington, D. C. 

• THIS MEETING presents a fine opportunity for the author to talk with another group 
of co-workers, for we all are working together toward the achievement of something 
greater than the specific objectives of our respective programs. Urban renewal and 
highways are in themselves limited goals. The larger goal we recognize and work to­
ward is better, more productive living. 

In particular, i t is desired to discuss planning growth and improvement of cities 
and of urban regions and metropolitan areas; but because this type of planning is in­
fluenced by highway planning, and vice versa, much of what is said is in terms of both. 
This is so although highways sometimes run for miles without touching a city, no city 
is untouched by highways. 

It might be helpful to begin by mentioning the basic aids to urban renewal that are 
administered by the Housing and Home Finance Agency. The f i rs t is Title I of the 
Housing Act of 1949, which f i rs t authorized Federal financial assistance to communi­
ties for slum clearance and urban redevelopment. In 1954 Title I was broadened to in­
clude assistance for the prevention of slums and urban blight through the rehabilitation 
of blighted and deteriorating areas. Urban renewal, as understtod and practiced today, 
is a combination of clearance and rehabilitation. 

A community that qualifies for Federal assistance may obtain various technical and 
financial aids. Financial aids include advances, loans, grants, and certain types of 
mortgage insurance for private redevelopers, as well as public housing for displaced 
families. 

How does a community qualify for these aids ? 
The basic prerequisite to eligibility for Federal aid is what is called a "workable 

program," certified by the Administrator of the Housing and Home Finance Agency. 
A community's workable program is the community's own plan of organized, total ac­
tion, based on the fu l l use of local private and public resources, to eliminate slums, 
prevent blight, and protect sound neighborhoods. It consists of seven basic elements: 
sound housing and health codes, enforced; neighborhood analysis; effective administra­
tive machinery; financial capacity to conduct a renewal program; feasibility of rehous­
ing families displaced from slums; community-wide citizen participation and support 
and; a general plan for the community's development. 

This last item, general planning, deserves elaboration. Emphasis here is on the 
word, "general." The plan must be comprehensive. It must be subject to constant 
reviews as local conditions change. It must provide for the community's future along 
broad lines, and may, therefore, never be considered complete. It must allow for 
growth and change and must provide not only for housing people in decent dwellings and 
healthful neighborhoods but also for moving people more efficiently to and from their 
places of work, to and from commercial centers, and to and from the great hi^ways 
that connect their city with others and for the efficient movement of goods. 

It is hardly remarkable that action should be preceded by a plan. Yet until very re­
cently—and the sad evidence exists throughout the land—plans and their attendant ac­
tions, whether for land development or redevelopment or highways, were usually inde­
pendent of and frequently largely unrelated to other plans and actions. 

We are now moving in the direction of correcting the errors of our misguided or un-
guided past. A few figures provide some measure of the motion forward. At the end 
of last year workable programs had been certified for more than 700 American cities, 
large and small, and over 350 communities were actually engaged in conducting some 
600 urban renewal projects. 

Speaking of the workable program, Housing Administrator Albert M. Cole said: 
"There are few concepts that have carried us so far at so little cost. The 
workable program idea that a community should analyze itself, assess its 

37 



38 

faults and virtues, and plan comprehensively for the future, makes sense. 
It makes sense not only as a prerequisite to receiving Federal aid, but be­
cause i t is a good thing in any event." 

A community with a certified workable program is ready to make formal application 
for Federal funds to assist i t in undertaking an urban renewal project. As a f i rs t step, 
the community applies for an advance of money to enable It to prepare its urban renew­
al plan. If the Urban Renewal Administration approve:; the advance—which is charge­
able to gross project costs, when and if the community carries out the project—a cap­
ital grant reservation is also made. This is simply an earmarking of funds from the 
total amount authorized by Congress to assist local projects, not an actual transfer of 
funds. 

Then comes actual preparation of the urban renewal plan; that is, the blueprinting 
of work to be undertaken in the project area. Here the community's general plan as­
sumes a great significance. The urban renewal plan must conform to the general 
plan of the community as a whole. 

Minimum requirements of the Urban Renewal Administration with respect to the gen­
eral plan are: 

1. A land use plan. 
2. A thoroughfare plan. 
3. A community facilities plan. 
4. A public improvements program. 
5. A zoning ordinance and zoning map. 
6. Subdivision regulations. 
Unless and until there is conformity to the general plan, the Federal Government 

will ' not enter into a loan-and-grant contract with the community. Through such a con­
tract, the community obtains a temporary Federal loan to provide working capital and 
an outright grant to cover up to two-thirds of the net cost of carrying out an urban re­
newal project. 

The point I wish to make is that Federal financial aid for urban renewal provides, 
in addition to certain clearly visible and tangible project benefits, a strong incentive 
to general planning. In the following generation there is little of higher importance 
than general planning in solving the tremendous problems of housing people and mov­
ing them from place to place decently, efficiently, safely, and comfortably. 

The Housing Act of 1954 provides another important form of aid. Section 701 makes 
it possible for state planning agencies to obtain grants, up to 50 percent of the cost of 
the work, to help them give planning assistance to communities of less than 25,000 
population. Similar grants are available to official state, metropolitan, and regional 
planning agencies for work in metropolitan areas and urban regions. 

Although this program has been in operation just a little more than four years, it 
has already been of great service. Equally important are the facts that many commun­
ities lackingthefinancial resources to support permanent agencies have been enabled 
to carry out the work of general planning and that metropolitan planning has been 
greatly stimulated and accelerated. At the end of the year more than 800 small com­
munities and about 55 metropolitan areas and urban regions in nearly 30 states were 
engaged in planning activities under the urban planning assistance program. 

Not all of those 800-odd small communities—and the additional hundreds that may 
be expected to receive aid under the program in the years just ahead—are likely to 
undertake urban renewal projects. Nevertheless, all of them should be able to build 
a solid foundation for over-all civic improvement as a result of their general planning. 
Al l of them, along with the urban regions and metropolitan areas taking advantage of 
the benefits of the program, will be increasingly aware of the enormous impact that 
urban renewal and highways have on each other. 

At the Federal level the need for close relationship between urban renewal planning 
and highway planning has for a number of years been recognized by the Urban Renewal 
Administration and the Bureau of Public Roads, and there is increasing coordination 
of policies and procedures. For example, applications for Federal aid to carry out 
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urban renewal projects must include maps showing the location of major highways-
including, of course, federally assisted highways—that are under construction, being 
planned, or contemplated. In turn, copies of these maps, with urban renewal areas 
indicated, are forwarded to the appropriate Bureau of Public Roads division offices. 

State and local authorities have been advised of the need for coordination and of 
procedures to be followed. It is important to mention that there are coordination prob­
lems besides that of physical relationship of urban renewal and highways. The matter 
of timing urban renewal activities and highway activities must be given very careful 
consideration, in order to assure that the improvements created by one of those ac­
tivities wil l not needlessly raise land values—and thus land acquisition costs—for the 
other. 

It is also important—indeed, imperative—that urban renewal and highway activities 
be coordinated so as to minimize the problems of relocating displaced families. The 
relocation problem is a large one. During the period covering fiscal years 1958, 1959, 
and 1960, i t is ejqpected that urban renewal wi l l dislocate 83,000 families; highway con­
struction, 75,000 families; other government activities, 89,000 families—a total of 
nearly a quarter of a million households. Certainly every community involved must 
plan and program its relocation requirements carefully if it is to avoid undue strain 
on its housing resources and public resistance to the programs in which all are inter­
ested. 

The basic responsibility for community planning and coordinating urban renewal and 
highway planning lies with the communities themselves, and no amount of Federal re­
quirements and directives can substitute for this local responsibility. Among the com­
munities that have met this responsibility and done effective jobs of coordinating their 
urban renewal and highway programs are Norfolk, Virginia; New Haven, Connecticut; 
Nashville, Tennessee; Atlanta, Georgia; Detroit, Michigan; and Cincinnati and Dayton, 
Ohio. 

In conclusion these points should be emphasized: 
1. The Housing Act of 1954 has been extremely effective in advancing general plan­

ning in individual communities. 
2. More thorough and widespread metropolitan planning should be advocated. This 

is necessary not only for urban renewal purposes but perhaps even more so for better 
highway planning in urban areas. 

3. Although policies and procedures can be coordinated at the national level, speci­
fic urban renewal and highway projects must be coordinated at the local level. 

4. There must be close working relationships between local urban renewal people 
and highway officials at state and city level, all in concert with sound city and metro­
politan planning. 

An era of unprecedented urban growth and change has been entered. Superhighways 
wil l contribute to both urban sprawl and greater concentrations in central areas, and 
we shall witness the painful process of natural selection in central area functions. 

But what of the vast area in between—the aging obsolescent area? 
Here the urban renewal planners and planners of inner circumferentials get all 

tangled up with each other and some say these vast areas will be dismal ecdnomic 
wastelands. Who says the pattern of circumferentials and radials is right, anyway? 
One of Europe's greatest planner-doers recently advocated the super-grid as a better 
alternative because it permits greater flexibility for future growth. 

We must be increasingly unwilling to proceed under established concepts. Faster 
rates of growth and change demand more frequent challenge. In any event, let us hope 
that working together we can plan and build cities better suited to future needs than 
did our forefathers. It wil l not be easy. 



Measurement of Central Business District Change 
And Urban Highway Impact 
EDGAR M. HORWOOD, Associate Professor, and 
RONALD R. BOYCE, Research Assistant, Highway Economic Studies, University of 
Washington 

The problem of evaluating the impact of urban freeways on the city center 
has not yet been studied in any systematic way. In fact, no approaches to 
the subject have been developed and no ideas have been advanced as to just 
how to go about such an investigation (1^ 2). At this elementary stage in the 
development of knowledge concerning land use structure and its relationship 
to transportation, the problem must be presented in very broad terms invol­
ving some degree of subjective analysis. Nevertheless, it is clearly rea­
lized that a proper assessment of highway impact on any land use or activi­
ty must necessarily evaluate conditions within the freeway network itself, 
which may alter impact; secondly, it must fully understand the characteris­
tics of the object supposedly receiving the impact. In addition, closely re­
lated variables must also be understood. Of course, in evaluating the role 
of freeways on the central business district (CBD), it is critical that trends 
within the CBD be fully realized. Only by considering both inherent and 
closely related change in the freeway network, and independent change in 
the CBD, can the impact of freeway development on the city center be fully 
realized. 

Although improvements in both inter and intracity transportation may have 
a>marked effect on an urban economy, there are many other simultaneous 
changes in the structure of the metropolis which may also have a broad im­
pact. These include inter-regional migration, defense spending, national 
market conditions, the availability and adequacy of water, industrial waste 
problems, labor conditions, and the sheer multiplying effects of urban growth 
itself, as well as many other things. As any urban area increases in popu­
lation it becomes more self-sufficient in providing the range of goods and 
services required by its inhabitants. Thus, some new establishments are 
woven into the economy for this reason alone. With all of the variables op­
erating and having some mutual effect on each other, a substantial research 
problem arises in segregating the influences of freeways, even in a general 
manner, and particularly in assessing their influence on the CBD. As a gen­
eral rule, i t is extremely difficult, statistically, to isolate from a complex 
set of factors, the effects of a single factor (such as the impact of urban 
freeways on the CBD) unless one has previously determined the effects which 
some of the other important factors have had on CBD activities. 

First, primary variables inherent in the freeway network itself, and then 
the closely related variables, will be discussed. Secondly, CBD district 
changes will be presented an analyzed in relation to future freeway develop­
ment. 

INHERENT VARIABLES IN ASSESSING THE IMPACT OF URBAN 
FREEWAY DEVELOPMENT 

Extent of the Freeway Network and Its Degree of Completion 
The extent and degree of completion of an urban freeway network looms as a signi­

ficant variable in the study of economic impact. Present highway impact studies es­
sentially reflect the effect of an isolated facility on adjacent land values or on retail 
sales (3). In the few instances where land values have been studied in conjuction with 
freeways which were parts of systems, the percentage increases in the value of land 
over the time span considered were not nearly as spectacular as in the cases where 
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only isolated freeways were examined (4, 5, 6). As these studies were not designed 
to examine economic impact of a freeway network, their results are limited. 

It is obvious that the completion of one element of a freeway system, say a radial 
route connecting the city center with the suburbs, wil l for a time place the land in that 
segment of the city in a comparatively more favorable position. Excluding the effects 
of intercity highway improvement, of which the radial route may be a part, this single 
freeway wil l only shift demand for land from one sector of the city to another, with 
no economic benefits from the freeway accruing to the city at large. It follows that 
as the freeway system develops the impact along any given route is proportionately 
diminished. Unless the reduction of time-distance from the outlying areas causes 
more business activities to be located in the city center, it wil l receive no benefit 
from the radial route. Actually, the radial route may also encourage decentraliza­
tion of business activities in the center of the city. In this respect the freeway is a 
two-way avenue which may promote decentralization or deter i t . Finally, on the 
question of urban freeway network extent, there are variations from one city to an­
other in the possible freeway network as conditioned by topography. In many cities 
topographic features limit the possibility of providing optimum freeway systems. This 
may be particularly critical in and around the CBD. On this account, the freeway im­
pact varies from city to city. 

Degree of Development and Completion of the Inner-Distributor Loop 
Of particular importance in determining the effect of freeway system development 

on the CBD is the completion of the central traffic distribution system. Because ra­
dial freeways carrying several thousand vehicles per hour each cannot effectively in­
tersect at a point, the ability of radials to serve the CBD depends on the adequacy and 
completion of the central distribution system (7). The inner distributors are the most 
expensive portions of the entire freeway system because of the high cost of central 
land, the large amount of land used, and the cost of constructing the many interchanges 
and ramps. Because of the planning and financing problems, most central city distri­
bution systems will not be constructed until late in the current National Highway Pro­
gram. This time lag wil l preclude an early test of freeway impact on a city center, 
even if the mechanics of such an evaluation can be devised. 

The ability of the central distribution system to handle the traffic input from radials 
is recognized as the most critical problem facing freeway planners and designers to-
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day. There is mounting evidence that the accumulated ramp capacity of the inner dis­
tributor may limit the use of the freeway system during the high volume traffic periods. 
This serves to illustrate further that aside from its completion in terms of timing, the 
inner-distributor loop will have a significant bearing on the operational efficiency of 
the entire freeway system. This introduces another important variable in assessing 
highway economic impact. The adequacy of design, timing of development, and oper­
ational efficiency of the inner-distributor system may all have considerable effects on 
CBD development. 

Extent of Central Space Used for High­
ways 

The critical design feature of central 
urban freeways is access capacity. This 
calls for the maximum possible number 
of access ramps serving the city center 
consistent with design standards, and 
thereby requires an extensive amount of 
land. Under the circumstances, the land 
demand for the central portions of the 
freeway network is substantially greater 
per unit length of highway than for subur­
ban or intercity segments. The central 
distributors of most freeway networks 
require about 40 acres of land per mile, 
exclusive of interchanges with other free­
ways (8). Suburban locations, on the oth­
er hand, require between 20 and 30 acres 
per mile. Some idea of the magnitude of 
land requirements for interchanges may 
be given by two examples from Califor­
nia. The interchanges between the Har­
bor and both the Santa Monica and San 
Diego Freeways in Los Angeles wil l re­
quire almost 90 acres each (8). 

Another implication of the extensive 
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Figure ^. tb'l>anized area population, 19^ 
vs reported office space, 191*6. 
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space use for central freeways relating to the evaluation of highway economic impact, 
concerns the land market mechanism itself. The elimination of a large percentage of 
central land from the market is bound to influence rents in the entire downtown area. 
Central land is a very limited resource by virtue of its location at the focus of inter­
city and intracity transportation. It f o l ­
lows the normal economic trends of price 
increase when the supply is curtailed. 

Extent of Freeway Interference with 
Business Linkages 

Another importjant factor of the large 
space consumption of the freeway in the 
central region of the city is its capacity 
to create a detachment in what might for­
merly have been a relatively homogene­
ous functional node. In spite of careful 
attention to land use in the planning of 
inner freeway segments, this type of de­
tachment will certainly occur in some 
areas. It assuredly influences land val­
ues insofar as this detachment weakens 
business linkages which formerly con­
tributed to the economic cohesion of an 
integral portion of the central city region. 

In the highway impact studies dealing 
with land values, relatively symmetrical 
land use patterns occurred on either side 
of the new freeway, with a few exceptions 
(3). This has led to the concept of de­
creasing land values as distance from the 
freeway increases. In the case of the in­
ner-distributor loop, however, there are 
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FUNCTIONAL 
FLOWS drastically different sets of land values 

and uses on either side. The CBD core, 
located inside of the loop, has land val­
ues typically twenty times those outside 
the loop (9). Furthermore, with the con­
struction of an inner-distributor loop, 
the transition between the two categories 
of land use becomes quite abrupt, creat­
ing a sharp discontinuity in any gradient 
of land values which formerly existed. 

Extended Time Required to Construct 
System 

In general, the extended period of de­
velopment for an adequate system or ur­
ban freeways, even under the best circum­
stances of planning and programing, is 
the greatest single obstacle to the study 
of impact itself. The fifteen-year study 
of land values and land use along the Gulf 
Freeway in Houston shows with each suc­
cessive five-year increment of time the 
percentage of increase in land values be­
comes smaller leaving little doubt that 
impact is variable with time (6). 

Unlike the small city highway bypass, 
a before-and-after study of any urban 
freeway network requires considerable 
time. The developing system wil l pre­
clude a stagnant condition even for a moderate period of time, in which to evaluate 
highway impact of the CBD. 

Extent of Changes in Trade Area Structure 
Aside from the specific impact of urban freeways on the city, the intercity routes 

of which most of them are a part also have substantial implications for change in the 
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urban structure. Their impact on the 
city relates primarily to changes in eco­
nomic activity caused by a reduction in 
time-distance between cities and between 
the city and points within its trade area. 
It is highly probable also that changes in 
the spatial configuration of the trade area 
also occur with improvements in the in­
tercity transportation system, as the his­
tory of railroad development in the United 
States indicates. Because of the exten­
sion of a rail network into the West from 
the established trade centers near the 
Mississippi River, the Plains States were 
not able to develop regional capitals on 
the scale of St. Louis, Chicago, Minne­
apolis, etc., and these older cities re­
main the primary centers of wholesale 
trade for the Plains States today. 

Extent of Centralization of Activities 
Some of the general economic effects 

occasioned by intercity highway improve­
ment undoubtedly show up in an increased Figure 12. Philadelphia central -business 
demand for some categories of urban land, d i s t r i c t , delimited by the Murphy-Vance-
One aspect is reflected in the centraliz- Epstein technique (ahove). Inner and out­
ing of business activities. A good indica- er r e t a i l zones of Philadelphia, 1935 (be-
tion of this is the increasing per capita low), 
use of central office space with increasing urbanized area population (7). Another ex­
ample is the way the service industries of one city can extend the range of their trade 
area because of better transportation, thus providing competition to their counterparts 
in outlying areas of the metropolitan complex or in nearby cities. The intensity of 
this impact wil l vary from city to city, of course, depending upon its size and position 
in the regional complex. For instance, the development of a freeway between Seattle 
and Tacoma, 30 miles apart, may be of greater advantage to Seattle than to Tacoma, 
a city with only one-fourth as large a population as Seattle's. 
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NON-INHERENT VARIABLES IN ASSESSING THE IMPACT OF URBAN 
FREEWAY DEVELOPMENT ON THE CBD 

Planning and Urban Redevelopment 
Land use determinants arising out of public policy wil l naturally affect the market 

mechanism controlling the price of urban land. This introduces another variable in 
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Figure 13. Percentage increaise i n insur­
ance a c t i v i t i e s l^S-l^^B; headquarters 

and regional offices. 

Figure Ik. Relative location of insurance 
companies; headquarters and regional of­

f i c e s . 
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the evaluation of urban freeway impact. In most of the freeway impact studies to date 
care has been taken to segregate land in different zoning classifications so that com­
parisons are always made between land parcels in the same classification. Besides 
land use zoning, urban redevelopment is a planning measure which may have even 
greater effect on the assessment of highway impact on central land. 

Although urban redevelopment may occur in many areas of the city, it is the cen­
tral and older sections which are becoming the f i rs t concerted objects of this activity. 
The large areas coming under redevelopment in the central regions of many cities re­
move land from the market, as in the case of freeways. Most central redevelopment 
projects have been for housing. The decision to construct housing in central areas is 
not necessarily based on economic reasoning, but may, and usually does, involve a 
different set of determinants than in the original development of the land. These may 
include a wide range of social goals, as well as the preservation of central land values. 
These urban redevelopment projects have a substantial economic impact of their own, 
and may be of such magnitude as to interfere with the possible measurement of free­
way impact. An example is the redevelopment of the lower Eastside of New York City 
into "highrise" apartments adjacent to the lower end of Roosevelt Drive. * 

In addition to the development and exercise of public policy in municipal planning, 
collaborative planning effort by private central interests is a variable to contend with 
in evaluating highway impact on the CBD. In over a dozen large cities central associ­
ations of private businessmen are active in promoting "downtown" as well as specific 
collaborative projects (10). Notable examples of effort from such groups are the 
Gruen Plan for downtown Fort Worth and the Charlestown Project in Central Baltimore. 
In the latter city a highly competent technical staff has been retained to aid the Central 
Baltimore Association in formulating and planning major redevelopment projects. The 
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Figure 17. Relative location of insurance Figure l8 . Relative location of insurance 
employees. floor space. 

*For example, the recent housing projects completed adjacent to Roosevelt Drive in the 
lower Eastside of Manhattan account for a population of approximately 30,000 people. 
See New York City Housing Authority, "Project Statistics," N. Y. (June 30, 1955). 
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point here is that this type of positivis-
tic effort may have a profound effect on 
the CBD regardless of highway develop­
ment itself. 
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SATISFACTORY 
BUT NOT 
NECESSARY 

Provision of Off-Street Parking near 
the Core 

The development of central parking 
garages is another significant variable 
in the evaluation of freeway impact on the 
city center. Without central off-street 
parking improvements the freeways wil l 
not be able to increase the daytime pop­
ulation of the CBD core. The responsi­
bility for these terminal facilities may 
bethat of either private or public enter­
prise whereas freeway development is a 
public function, exclusively. This divi­
sion of responsibility, plus the inevitable 
problem of formulating public policy on 
the local level, may well preclude the 
provision of sufficient parking in time to 
meet rising demands induced by freeway 
development. Without central parking, 
the fu l l potential of the freeway system 
may not be realized, and a consequent 
reduction of its impact on land values 
and land use in the CBD may occur. 

Development of Mass Transit 
Although few major cities in the United States have made substantial inroads in in­

tegrating the development of mass transit with freeways, sufficient advances have 
been made to imply widely differing schemes and possible degrees of success (11). 
Also, like urban freeways, the benefits from a modernized mass transit will only be 
realized with the development of a fu l l system of routes and terminals, all of which 
wil l require many years to be realized. Transit service, therefore, looms as an im­
portant variable to contend with in analyzing the central impact of urban freeways, not 
only from the magnitude of the system developed, but the extended time required for 
its completion. Actually, mass transit and the freeways are competitive in serving 
a portion of the person-trips to the CBD. In this respect the economic impact of 
these two systems is almost inseparable. 
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Figure 22. Opinion on location of head­
quarters office i n CBD core. 
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A SPATIAL FRAMEWORK FOR THE ANALYSIS OF CBD CHANGE 
Any study analyzing central land use changes is concerned with an appropriate spa­

tial framework. That used here is the Core-Frame Concept as developed elsewhere 
by the authors (7). The "core" and the "frame" are viewed as two separate functional 
areas of the CBD. 

For purposes of this analysis three terms relating to the spatial organization of the 
city are utilized: the central business district core, the central business district frame 
and the outlying areas; referred to in the figures as CBD core, CBD frame, and outly­
ing. 

The CBD core refers to the concentrated grouping of large buildings in the city cen­
ter and is characterized by a dense daytime population and intensive land development. 
Floor space is essentially devoted to retail trade, consumer services, and office use. 
The core has limited lateral dimensions, is geared to the pedestrian scale, and is 
easily recognized from an aerial view by the clustering of tall buildings. This area is 
devoted primarily to people, paper, and parcels. 

The CBD frame is the predominantly commercial area surrounding the core and con­
tiguous industrial land use. Here the land development is extensive, as compared with 
the CBD core, including a measurable quantity of unbuilt-on land for parking, storage, 
and the maneuvering of vehicles. Few buildings in the CBD frame have elevators, and 
the linkages between establishments are vehicular rather than pedestrian. Predomi­
nant uses in the CBD frame are wholesaling with stocks and warehousing, automobile 
services, transportation terminals, service industries, and sometimes medical and 
governmental services. The CBD frame has been characterized in the literature as a 
zone of transition; an interstitial area between the intensely developed land in the central 
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core and the inlying residential areas. 
Here outmoded housing has given way to 
the uses previously mentioned. The CBD 
frame typically has between three and 
six times the area of the CBD core, de­
pending to some extent on topographic con­
ditions. It is of particular interest to 
the study of decentralization because the 
frame area is seen to be the focus of a 
substantial number of establishment moves 
from the CBD core. This change is not 
to be considered as merely an expansion 
of the core into the adjacent area, but 
represents a reorientation of location 
based on changed requirements for trans­
portation linkages. For example, the 
headquarters offices of insurance com­
panies are relocating in the CBD frame 
and outlying areas because of the chang­
ing characteristics of the activity, rather 
than for reasons of expansion (7). 

The outlying area includes all other 
portions of the urban complex not included in the CBD core and CBD frame. This cat­
egory may include the suburban areas of the central city, incorporated areas of peri­
meter cities, or unincorporated areas which are urban in character. 
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CENTRAL BUSINESS DISTRICT CHANGE 
Nature of Central Change 

In addition to the previously discussed 
variables, changes are occurring in the 
city which may be entirely independent of 
transportation improvement. A knowledge 
of these is especially important in assess­
ing transportation impact on the CBD, 
which is an area that is constantly acquir­
ing, discarding, and rearranging activities. 
In contrast, other parts of the city, while 
changing the intensity of settlement, do 
not exhibit the same degree of assimila­
tion and discard of functions. For example, 
office buildings have a continually fluctua­
ting range of establishments. 

Evaluation of CBD change on a national 
scale is a considerable task, even without 
considering transportation improvements. 
For example, technological change influ­
ences merchandizing, office operations, 
and location advantage, as in the increas­
ing use of business machines, which may 
alter the composition of the labor force 
and its patterns of travel. 

Regardless of the complexity of evalu­
ating and understanding CBD change, some 
insight into gross trends can be gained. 
Studies of central office space and retail 
sales have been undertaken to determine 
trends in the functions accounting for well 
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over one-haU of the CBD core uses. (Figures 1 through 8 show results graphically.) 
In addition, specific studies were undertaken (7) on the decentralization of a range of 
activities which by tradition have been centrally located. These studies record trends 
generally concerning the post World War H decade, a period actually preceeding the 
development of urban freeways in all but a few cities. Even in the few cities with 
freeway construction, complete systems were not developed. Thus, recorded CBD 
trends cannot be considered attributable to highway transportation improvement. 

CBD trends wil l be discussed within the context of centralization and decentraliza­
tion. Centralized activities are considered to be those which are located within the 
CBD, although they may not necessarily be clustered. The terms clustering and dis­
persal are not synonomous with centralization and decentralization, respectively; 
certain centralized activities may be dispersed throughout the CBD and certain de­
centralized activities may be clustered in one outlying area. 
Findings on Change 

CBD change will be f i rs t evaluated on two bases: (1) trends adjusted for population 
growth (termed "per capita" basis) shows CBD change relative to the estimated ur­
banized population growth within the time interval, and (2) trends based on no change 
in urbanized area population (termed "absolute" basis) shows CBD change independent 
of population change. Trends determined on a per capita basis are of greater magni­
tude than those found on an absolute basis. 

On a per capita basis (urbanized area population) the re has been a slight diminuition 
of CBD core activities. This is substantiated by the following, based on the general­
ized experience of the cities studied (7). 

1. Absolute CBD retail sales (adjusted for changes in dollar value) have decreased 
between 1948 and 1954 for 69 cities, ranging linearly from 14 percent in a city of 100 
thousand to 28 percent in a city of 3 million. This directly accounts for an approximate 
loss of 265 retail workers in the smaller city to about 4,500 in the larger.^ (Fig. 9) 

2. CBD reported office space has decreased between 1946 and 1956 for 60 cities, 
ranging linearly from 20 percent in a city of 100 thousand to 9 percent in a city of 1 
million (7). This accounts directly for an approximate loss of 133 office workers in 
the smaller city to 6 thousand in the larger city. * 

3. Between office and retail workers, there has been an approximate reduction of 
between 400 in the city of 100 thousand people to 10,500 in the city of 3 million over 
the time span. This amounts to roughly a 5 or 6 percent reduction in the core labor 
force in both cases. * 

On an absolute basis there has not been any perceptible diminuition of CBD core 
activities. This is substantiated by the following as based on general experience 
curves. (Figs. 4 and 8) 

1. Absolute CBD retail sales (adjusted for changes in dollar value) have decreased 
between 1948 and 1954 for 69 cities, ranging linearly from an imperceptible amount 
in a city of 100 thousand to 20 percent in a city of 3 million. This accounts directly 
for approximately no loss in CBD workers in the smaller cities and about 3,200 in the 
larger (7). 

2. CBD reported office space has increased between 1946 and 1956 for 60 cities, 
ranging linearly from 20 percent in a city of 100 thousand to 9 percent in a city of 1 
million. This accounts directly for an approximate increase of about 133 office work­
ers in the smaller city CBD to 6,000 in the larger city (numbers coincidentally the 
same as in No. 3 above) (7). 

3. Between office and retail workers, there has been approximately an increase 
of between 133 in the city of 100 thousand to 2,800 in the city of 3 million over the 

'Based on a 69 city average of $26, 500 in retail sales per person. 
^This calculation is based on 150 sq f t per office worker. 
*rhis is a conservative estimate. 
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time span, 
both cases. 

This amounts to roughly one percent increase in the core labor force in 

The foregoing demonstrates that CBD sales diminished slightly on a per capita and 
an absolute basis, whereas office space declined on a per capita basis, but increased 
an equal percentage on an absolute basis. In effect, the loss in retail sales is com­
pensated for by additional office space. 

Studies of selected business activities, which have been traditionally centralized, 
reveal a range of decentralization trends. 

1. Administrative office space in the insurance business has decentralized 41 per­
cent from the CBD core and 26 percent from the entire CBD between 1946 and 1958. 
The CBD frame has increased about 40 percent in importance as a locational zone. * 
(Figs. 13 through 18) 

2. Administrative office space in the electrical utility field has decentralized 10 
percent from the CBD core and 8 percent f rom the entire CBD between 1946 and 1958.' 
(Figs. 19 through 22) 

3. Bank deposits have decentralized 5 percent from both the CBD core and the en­
tire CBD between 1946 and 1956, although banking offices have decentralized 28 per­
cent from the CBD core and 18 percent from the entire CBD in the same time period.'' 
(Figs. 23 through 26) 

It is cautioned that most of the above findings are determined from regression anal­
ysis of many cities. While this gives the general eiqperience of the group of cities in 
terms of the variables tested, i t must be used with caution In its application to any 
particular city. For example, many cities have good reason to be high or low in re­
spect to the regression line. As has been mentioned, the cities with high central place 
importance are consistently higher, while others in the areas dominated by regional 

''Based on questionnaire returns from 69 of the 150 largest mutual, life and fire and 
casualty companies in the U. S. (7). 
"Based on questionnaire returns from 106 of the 142 largest private and municipal ut i l i ­
ty organizations (7). 

Based on a sample including all deposits and establishments in 20 standard metropoli­
tan areas in 11 states (7). 
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capitals are consistently lower. Regardless of the conclusions drawn above, the basic 
data are shown so that the reader may draw his own conclusions for the status of the 
CBD. 

Significance of CBD Change 
The preceding findings immediately suggest interpretation. One may be initially 

inclined to extrapolate all trends into the future, but, in most instances, the proce­
dure would be contrary to current happenings and to the underlying causal factors of 
the trends. 

In respect to the retailing function, recent changes reflect the continuation of Jong 
term trends in the use of outlying shopping facilities. Prior to the high degree ox fam­
ily mobility attained by the use of the automobile, shopping in outlying locations was 
primarily of a convenience goods nature, and outlying businesses occurred only in 
small aggregations. As cities grew and distance to the CBD increased, these small 
shopping clusters began to assume a larger share of total city sales. Nevertheless, 
the CBD was stil l the only business area of the city where major shopping goods could 
be purchased. In the last decade or so, however, the increase in automobile owner­
ship and its use has permitted large aggregations of outlying businesses to develop. 
These large aggregations have in turn been able to support shopping goods establish­
ments which are much more competitive with the CBD than the convenience goods es­
tablishments associated with the small outlying business clusters in former years. 

In view of the rapidly increasing family mobility in outlying areas and the decreas­
ing number of residents near the CBD, it is not surprising that there has been a sig­
nificant absolute decline in CBD retail sales. Nevertheless, family mobility in rela­
tion to the automobile cannot be e}q>ected to increase substantially more, as virtually 
no family in suburbia is without an automobile. The ability of each family to own two 
or even three automobiles wil l not increase family mobility for the purchase of goods 
to any significant extent. Thus, i t would be illogical to project the retail trends demon­
strated in this research, and else\^ere, very far into the future. As a matter of fact 
it is highly probable, in view of central city redevelopment projects and increasii^ 
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TABLE 1 
CITIES WITH SIGNIFICANT CBD CHANGES' 

Retail Sales Office Space 
City Relative Change City Relative Change City 

1948-1954 1946-1956 

Flint 29 Des Moines 160 
Rochester 25 Omaha 106 
New Haven 20 Houston 93 
Charlotte 16 Tulsa 92 
Louisville 12 Spokane 86 
Houston 12 Atlanta 76 
Corpus Christi 12 Nashville 60 
El Paso 12 Dallas 56 
San Jose 12 Columbus 54 
Montgomery 11 
Erie -11 Little Rock -52 
Youngstown -11 Davenport -62 
Memphis -12 
Des Moines -12 
Pittsburgh -13 
Worcester -14 
Reading -16 

' See (7). 
central city transportation facilities, that an equilibrium between the forces of retail 
centralization and decentralization wil l soon be reached. Any realistic appraisal of 
the future status of CBD retail sales would be one closely based on the changing central 
city labor force. 

The core labor force is derived mainly from office use rather than retail sales. And 
unlike retail sales, there has been an absolute increase in CBD office space during the 
past decade. This reflects the emerging role of the CBD as the center of regional 
intelligence functions. Although this research has shown evidence of the decentraliza­
tion of certain office activities which do not require extensive inter-establishment link­
ages, such as the decentralization of insurance headquarters offices, it is also evident 
that there is a continual increase and new formations of intelligence, management, and 
service activities in the CBD core. 

Generally, thinking on the CBD has been conditioned in recent years by the retail 
outlook. Trends have been expressed predominantly by the gain or loss in retail sales. 
The research indicates that the basic role of the CBD core is changing from a retail-
oriented complex to an office-oriented one. By and large, the absolute gain in the 
office labor force, as determined by space change, has more than offset the loss in re­
tail sales employees. Further, if the increasing trend in office space continues, it is 
bound to have a secondary effect on the retention of CBD retail sales because of pur­
chases by the central labor force. 

HIGHWAY IMPACT IMPLICATIONS 
The only possible clue as to urban highway impact on the CBD from the foregoing re­

search requires an analysis of those cities which have had marked CBD changes in re­
lation to transportation improvement. To select these cities retail sales and office 
space were used as criteria for change. Ranges of significant change were selected 
for both criteria on the basis of distribution curves of relative change over the time 
spans studied. Specifically, an increase in relative change of over 10 percent for re­
tail sales and over 50 percent for office space was considered significant. Roughly 
these changes of significance correspond to the upper and lower deciles of the cities 
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examined. Table 1 lists the cities meeting these requirements. (See Figures 27 
through 32 for graphical results.) 

Changes in both CBD sales and office space are bound to be reflected in core rents 
and land values. CBD retail sales changes are generally indicative of internal city 
shifts in marketing, whereas changes in CBD office space reflect regional trends. 
In terms of traffic generation, however, office space accounts for approximately 
three times as many work trips to the core as does retail sales. 

The question now arises as to whether any of the cities shown in Table 1 owe their 
high relative change, either positive or negative, to urban freeways. Of these only 
Houston had an urban freeway in operation servicing the CBD over most of the time 
span studied (6). Dallas had a radial freeway operating only in the latter year or two 
of the time interval (5). The Atlanta freeway, as late as 1956, had no CBD distribu­
tion facilities, nor was Pittsburgh's Penn-Lincoln Parkway anywhere near completion 
as late as 1953 (12). In Connecticut the Wilbur Cross Parkway does not serve central 
New Haven, nor is the Connecticut Turnpike complete. 

In any event, transportation-induced changes would be minimal because of few ur­
ban freeway routes and particularly the absence of networks. It is worthwhile to note 
that Houston is the only city in Table 1 to have improved its CBD's relative position 
in both retail sales and office space, however, the significance of this is lessened 
when the nature of the associated cities with high relative change in office space is 
considered. Al l of these cities are regional capitals. Not only do they exhibit high 
relative change between 1946 and 1956, but they were exceptionally high on the scale 
of office space per capita in 1946. The chances are more than likely that Houston's 
Increased CBD improvement is more a result of its central place importance than its 
Gulf Freeway.' 

SUMMARY AND CONCLUSIONS 
There are many variables, both related to and independent of the urban freeway 

network, which make it an extremely difficult task to isolate the effects of highway 
development on the CBD. Furthermore, the many findings derived from single free­
way elements cannot logically be extrapolated to cover network effects. 

Although the utility of this research is limited in the sense that i t does not reflect 
the effects of completed urban freeway networks, which are st i l l in the early stages 
of development, they nevertheless supply a basis for some deduction as to the nature 
of freeway effects on the CBD. 

The most significant deduction is that situational factors relating to the central 
place importance of cities far outweighs any other factor in contributing to CBD change. 
The CBD core daytime population is geared to the regional importance of the city, not 
to intracity considerations. Furthermore, the concentration of central activities re­
lates more to CBD establishment linkage than to intracity transportation amenity. 

Undoubtedly intercity transportation improvement will have a greater impact on the 
CBD than improvement in intracity transportation; and this impact wil l vary according 
to the position of the city in the regional structure. In this respect, the regional capi­
tals should e^erience more CBD growth from intercity transportation improvements 
than the economically dominated cities in their hinterlands. This relative change 
should not be attributed to intracity freeway or mass, rapid transit development. True, 
there has been, and continues to be, decentralization of non-retail activities which no 
longer require extensive linkages with other establishments, but there is also a con­
tinual formation and concentration of new activities in the CBD which require central 
linkages. 

*The following study is the only highway impact research which includes the core of the 
CBD as a distinct study area. This study reveals that of the 22 areas delimited for 
land value analysis the CBD core, by one method of analysis, ranked ninetheenth in 
land value improvement during the 15-yr time span, and fifteenth by another. In fact, 
the CBD actually lost in value by the f i rs t method. On the other hand, the zone of 
study nearest the Gulf freeway and closest to the CBD ranked seventh in land value in­
crease by one method. Not knowing the size of the sample or the specifics of the study, 
its validity in respect to these findings cannot be fully evaluated (6). 
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The Shoppers' Paradise Concept 
R. C. BLENSLY, Planning Survey Engineer; and 
J. A. HEAD, Assistant Traffic Engineer, Oregon State Highway Department 

Springfield, Oregon in 1957 tried an experiment utilizing a shoppers' 
mall within the Central Business District. This experiment was for 
a short duration, as has been the case with other cities trying simi­
lar experiments. During the period of the experiment, sales promo­
tion and advertising activities were stressed, and businesses extended 
their shopping hours to encourage residents to do their shopping in 
the CBD. A review of the evaluation of shoppers' comments indi­
cates that shoppers generally favor the maU operation, however, re­
actions were not unanimous. Many unfavorable comments were in­
dicated. 

A review of similar ejqperiments in other cities indicates that other 
cities who have tried the "Shoppers' Paradise" concept utilize almost 
the same pattern of inception, procedure and accomplishment. The 
name given to the experiment may be different and the results may 
vary to a slight degree; however, the analysis of one could almost be 
used as an analysis of all. 

The experiments to date do not provide comprehensive evidence of 
the long-range effect which might be expected from a shoppers' mall. 
Therefore, there is a need for an experiment on a long-range basis, 
with adequate planning and procedures developed to provide realistic 
indications of the true effect of a shoppers' mall before valid conclu­
sions can be drawn or operational criteria recommended. 

#THE PROBLEMS confronting the CBD of urban centers with the advent and the in­
creased promotion of shopping centers removed from the established downtown areas, 
have increased to a point where city officials as well as merchants are becoming a-
larmed. Psychology is having its day. The average merchant doing business in the 
established core of the city is pessimistic about the future, confused as to what can 
be done to alleviate the situation, and is either actively or passively looking for a site 
to relocate. The city officials are concerned because the CBD represents the econom­
ic base for the community, and as such must be preserved. Officials do not seem to 
be as pessimistic as the merchant, but are as equally uncertain as to what could be done. 

Historically, the downtown area has been the hub of the community, and virtually all 
retail transactions were conducted within its well-defined limits. To "go to town" on 
Saturday night was synonymous with a pleasant social evening. People shopped for the 
sheer enjoyment of meeting and chatting with friends and neighbors, and as a utilitarian 
means of purchasing the requirements for the coming week. Shopping was an event 
looked forward to by young and old alike, the young to spread their nickel allowance as 
far as i t would go, and the old to barter gossip and currency for goods. Everyone en­
joyed this and was happy. Then came the war years with their industrial expansion. 
Communities grew into towns, towns grew into cities, and cities grew even larger. The 
post war years saw the greatest migration from farm to city that has ever been exper­
ienced. 

The shift in the population from the farm to the city, along with the general increase 
in the economic standing of the general public has brought about the large increase in 
automobile ownership. The availability of the private motor vehicle and the desires 
of individuals to ejspress their feeling for freedom of movement has reduced the em­
phasis in usage of mass transit for transportation to the use of the private automobile 
resulting in traffic volumes which are multiples of the pre-war traffic and which has 
congested the central portions of cities. The resulting congestion developed an attitude 
on the part of local residents of refusing to enter the congested zones except when absolutely | 
necessary. . 
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Figure 2. Scene in the CBD showing physical deterioration and vacant huildings.• 

Farsighted merchants speculating on the permanency of existing attitudes and con­
ditions expanded their businesses to the heretofore restricted realm of the residential 
area. Shopping centers were formed, designed to serve an area rather than the city 
as a whole. Many located near new or anticipated residential areas where real estate 
values were correspondingly low and where the purchase of more land than currently 
needed would allow additional retail expansion and provide convenient parking areas. 
One of the primary criticisms of the shopper to the downtown area was the lack of 
parking facilities—these criticisms were answered by the shopping centers through 
their construction of expansive, free parking lots. Shoppers deserted the CBD. Shop­
ping at the centers was convenient and merchandising was generally as good as that 
downtown. It was not long after that a hue and cry was heard from businesses still 
functioning in the CBD. Sales were down, overhead remained high, and the cream of 
the consumer dollar was being separated and funneled to the shopping centers. Wail­
ing as such, however, did not alleviate the situation. It still existed, and no one knew 
how to attack the problem, much less solve it. Recently, however, perhaps through 
desperation, attempts have been made to seek a solution. Led by individuals generally 
youthful in age as well as in spirit, experiments have been spontaneously under-
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taken in various cities throughout the country. One form of experimentation has been 
the establishment of shopping malls within the CBD such as the "shoppers' paradise. " 

EXPERIMENT IN OREGON 
What constituted a "shoppers' paradise?" Is it something more than being able to 

park within one block of the destination? Is it well-displayed merchandise at lowest 
prices? Is it a pleasant atmosphere and a leisurely pace? Is it one, some, or all of 
these things that would cause a shopper to stop and sigh, "This is Paradise"? 

In August of 1957 the City of Springfield, Oregon, tried an experiment using a shop­
pers' mall in the CBD. Springfield is a city of approximately 13,000 population lo­
cated in Lane County near the south end of the Willamette River Valley. The primary 
industry of Springfield is wood and wood products. 

The City of Eugene is located within a few miles of Springfield. Eugene, which has 
a population of approximately 45,000 people, is the major trading area for the metro-

TABLE 1 
POPULATION AND RETAIL SALES FOR SELECTED OREGON CITIES 

Population' Retail Sales ($1,000)' 
1950 1957 7o 1954 1956 7. 

City Census Est. Increase Census Est. Increase 

Albany 10,115 12,800 26 $25,745 $27,258 6 
Astoria 12,331 12,331 - 20,732 21,589 4 
Corvallis 16,207 18,500 14 23,963 25,657 7 
Roseburg 8,390 13,000 55 35,197 40,255 14 
Springfield 10,807 13,500 25 16,036 19,192 20 
Eugene 35,879 46,480 30 98,253 108,631 11 
Lane County 125,776 151,690 21 163,915 182,523 12 

'Source: 1950 Data, U. S. Bureau of the Census, 1950 Census of Population; 1957 Data, Official estimates by the Ore­
gon State Board of Census. 

'Source: 1954 Data, U. S. Bureau of the Census, 1954 Census of Business; 1956 Data, Estimates by Sales Management 
Magazine. 

politan area which includes Springfield, Eugene, and the surrounding area and contains 
approximately 100,000 people. Figure 1 shows the relative location of the two cities 
and the suburban development within the metropolitan area. 

During the past several years, the CBD of Springfield has experienced considerable 
physical deterioration. Buildings have been vacated and maintenance and upkeep of 
the establishments have been poor. Evidence of this physical deterioration and the 
vacation can be seen in Figure 2. During this same period of time the volume of re­
tail trade in the CBD has shown some decrease. Comparative data as shown on Table 
1 indicate that Springfield during the period from 1954 to 1956 has shown increases in 
retail sales. These increases, however, have been experienced primarily in shopping 
centers and not in the CBD. The loss of retail sales in the CBD has resulted in a low 
confidence in the future by the merchants in the area. 

Late in 1956, the Springfield Chamber of Commerce and the City Planning Commis­
sion recognized these symptoms of physical deterioration and initiated a preliminary 
study to evaluate the functions of the CBD and to note its physical limitations. The 
following four points were concluded: 

1. The McKenzie Highway, US 126, traversed the CBD over a one-way couplet and 
carried approximately 10,000 vehicles per day on each leg of the couplet. The rela­
tively high traffic volume and the high percentage of log truck traffic in the traffic 
stream was causing congestion in the CBD. 

2. Parking due to the congestion was difficult and hazardous. 
3. Ribbon-like development of the business district discouraged pedestrian shopping. 
4. The downtown area was physically unattractive and did not provide a pleasant 

shopping environment. 

Figure 3 shows the congestion on Main Street prior to the establishment of the shop­
pers' mall. 

Upon completion of the initial analysis, the suggestion that a shoppers' paradise ex-
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periment be conducted was advanced and agreed upon. The purpose of the experiment 
was initially aimed at the restoration of confidence in the downtown business commu­
nity. 

Permission was sought and granted from the City of Springfield and the Oregon 
State Highway Commission to initiate the experiment. The City Council passed the 
necessary ordinance, and the Highway Commission agreed to reroute the westbound 
leg of the US 126 one-way couplet one block north of the CBD. 

It was decided by the working committee to conduct the experiment in conjunction 
with a retail promotion in an attempt to attract as many shoppers as possible. 

The experiment in downtown revitalization was conducted between August 15-26, 
1957. Three blocks in the CBD had traffic taken off to form a mall. Figure 4 shows 
details of the shoppers' mall and its relation to the CBD. The area took on a carni­
val atmosphere. The street was landscaped by bringing in small trees, rides for the 
children, and various exhibits were interspersed throughout the area, benches were 
provided for leisure, and music was piped in during the day and live entertainment 
was featured in the evenings. Figure 5 shows street scenes within the mall area dur­
ing shoppers' paradise. 

The rerouting of the McKenzie Highway, US 126, around the CBD during shoppers' 
paradise for the establishment of a pedestrian haven by the elimination of vehicles 
also eliminated the parking facilities located within the mall. Prior to the experiment, 
parallel parking was permitted along both sides of Main Street. During shoppers' par­
adise, additional parking facilities were provided by using one block of Main Street at 
either extremity of the mall and converting parking from parallel to diagonal. In addi­
tion to these two blocks of Main Street changed to diagonal parking, three of the four 
north-south cross-streets traversing through the mall area were changed to diagonal 
parking for one block on each side of Main Street. The additional parking provided 
from the change from parallel to diagonal parking compensated for the parking spaces 
lost due to the createion of the mall. On those streets for which diagonal parking was 

i 

Figure 3. Congestion on Main Street prior to the shofpers' mall. 
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allowed, one-'way traffic was established. These changes resulted in the elimination 
of congestion in the parking areas by eliminatii^ the conflict with fast moving traffic 
and by bringing the shopper to the edge of the shopping area and not into i t . Figure 
6 is an aerial photograph of the mall area and indicates the extent of the mall area 
and the parking available adjacent to the mall area. 

Within the limits of the mall pedestrians were given complete freedom of movement 
between establishments. There were two cross-streets traversing through the mall 
which were left open to vehicular traffic, however, traffic volumes were relatively 
light and the conflict with vehicles and pedestrians was not serious. Landscaping, ex­
hibits, and other attractions made walking a more enjoyable eigperience. Benches were 
erected for shopper use and traffic noise was replaced by relaxing music. Stores re­
mained open until 9:0Q p. m. for shopper convenience and business establishments out­
side the mail were invited to participate with street displays. The shoppers' paradise 
was continued for 10 days during and after which shoppers were interviewed to deter­
mine their opinions on different aspects of the e^qperiment. 

OTHER EXPERIMENTS 
Springfield, Oregon, was not alone in its concern about revitalizing the CBD. Over 

the past several years other cities have made an attempt along similar lines. These 
include such cities as Stockton and Pomona, California; Waco, Texas; and Grand Ha­
ven, Michigan, tonameafew. Meanwhile, the list of cities making plans for shoppers' 
malls continues to grow. 



Figure 5. Street scenes within the shoppers' mall. 
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In reviewing accounts of other attempts along the "shoppers' paradise" concept, it 
is amazing how regular the pattern of inception, procedure, and accomplishments be­
come. The name given to the experiment may be different. In Stockton, California i t 
was "Vacation Playtime, " in Pomona it was used in conjunction with the Christmas 
season, and in Waco, Texas, it was "The Cotton Mall" but the presentation and the 
effect are virtually identical. 

A review of information available of other experiments indicated that some cities 
are more adaptable because of their physical layout, and that in general, most studies 
have been conducted over a short period of time. 

SUMMARY OF FINDINGS 
In evaluating the shoppers' statements from the Springfield experiment, the follow­

ing conclusions were derived: 
Favorable to shoppers' paradise— 
1. Truck traffic was detrimental to the CBD. 
2. Elimination of traffic noises impressed more people than any other single as­

pect of the experiment. 
3. Traffic moved through Springfield 3 to 5 minutes faster than normal. 
4. Parking was more convenient. 
5. Elimination of parking meter fees during the experiment though stressed by 

few shoppers was credited by many merchants as a factor in the success of the experi­
ment. 

6. Shoppers appreciated the ease of movement between establishments. 

Figure 6. Aerial photograph of CBD and shoppers' mall. 
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7. More "family" shopping was noted. 
8. One-fourth of shopper comments related to the enjoyable shopping atmosphere. 
Unfavorable to shoppers' paradise— 
1. Changed traffic pattern was confusing and appeared to affect some businesses. 
2. Merchants were unable to accept the elimination of vehicular traffic as well as 

parking facilities in front of their establishments. 
3. Parking facilities were too few and some shoppers complained of the distance 

between parking and shopping. 
4. Some businesses in the mall do not benefit from exclusively pedestrian traffic. 
5. Businesses outside the mall either lost business or failed to profit from the in­

creased number of shoppers in town. 
6. Exhibits were well-patronized, but failed to pull shoppers into low pedestrian 

count areas as anticipated. 
7. Entertainment may draw crowds but does not necessarily promote sales. 
8. The carnival approach would not lend itself well to a long term program. 
Table 2 sumniarizes the shoppers' opinions in cities of Springfield, Oregon, Grand 

Haven, Michigan, and Waco, Texas. 

TABLE 2 
SHOPPERS' OPINIONS OF SHOPPER MALL 

Did Not Like 
Liked or Thought Or Thought Mall 

Mall Should Should Not 
Shoppers Be Continued (%) Be Continued (%) 

Springfield, Oregon 77 23 
Grand Haven, Michigan 63 37 
Waco, Texas 76 24 

A study of gross retail income indicates that the mall did not confer equal or equiv­
alent benefits on all the retail merchants involved. During the ten days the merchants 
on the mall reported a 14 percent increase while those off the mall reported a 5 per­
cent decrease compared to any 10-day period of the previous August. 

Accompanying the experiment was a sales promotion and advertising program which 
was not conducted during the previous August. The results of the comparison in re­
tail income, therefore, becomes somewhat questionable, inasmuch as the entire change 
could have resulted from sales promotion and advertising activities. 

From the viewpoint of moving traffic on US 126, the program in Springfield was suc­
cessful. During the 10-day period there was but one accident involving the rerouted 
westbound traffic. Traffic flowed much more smoothly than it had on Main Street. 
Although the four right angle turns slowed traffic some, there was neither the conflict 
with pedestrians at unsignalized intersections nor with vehicles engaged in parking 
and un-parking, with a resultant over-all decrease in time necessary to travel around 
the CBD. Before becoming too enthusiastic about a shoppers' mall, however, i t would 
be well to review the peculiar physical characteristics of Springfield. The shift of 
traffic from Main Street to North "A" Street had, with the exception of introducing right 
angle turns, no effect on traffic other than the lengthening of the distance between a 
pair of one-way streets from one to two blocks. Springfield has very little north-south 
traffic, so the angle parking on the cross-streets did not interfere with the normal flow 
of traffic, particularly so with diagonal parking on one-way streets. Furthermore, the 
business district of Springfield does not have a square pattern as found in most cities, 
but tends to stretch ribbon-like along Main Street. The ribbon development made it 
very easy to route traffic on the one-way couplet one block north around the CBD. Many 
cities would find this adjustment in traffic routing quite difficult. Heavier cross traffic 
through the mall area might not allow angle parkii^ which in turn might eliminate the 
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possibility of replacing the parking area lost within the mall area. In some cities the 
loss of parking area would be enough to defeat an e:q>eriment of this type. 

The results of the experiment in other cities though varying to a slight degree, form 
such a standard pattern that the analysis of one could almost be used for an analysis 
of another. Findings as set forth for Springfield serve all cities studied, and City 
Officials evaluating the e^qperiments agree that the mall even though tending to revita­
lize business over a short period of time presents four major problems. 

1. Parking—amount and quality. 
2. Some businesses are not compatible with exclusive shopper mall type operation. 
3. Large investments are needed to adapt buildings and adjust traffic routings to 

the mall layout. 
4. The lack of information as to the success which could be anticipated on a long-

term mall project when applied to an existing CBD. 

SUMMARY 
In reviewing all available reports, i t appears that the problems found in Sprir^ield 

were problems elsewhere. Some cities are more adaptable because of their physical 
layout to the mall operation. There is no indication that success over a short period 
of time is assurance that this is the answer to the question of revitalizing the heart of 
the city. The mall may be the answer, but as of now it has failed to achieve complete 
success even over a short period of time. The Springfield experiment suggests that 
formidable difficulty stands in the way of the implementation of such a change as the 
creation of a mall out of the existing business district. A spirit of cooperation is es­
sential between all merchants for the voluntary achievement of such a project and such 
spirit generally does not exist. 

A straightforward answer as to whether the mall arrangements have been success­
fu l or unsuccessful cannot be made since so much depends upon individual point of 
view. A review of the data available indicates that considerable effort remains before 
an answer can be found with respect to the value of a shoppers' mall. Most cities 
have entered into the experiment over a short period of time and have not made a com­
prehensive analysis of the effect of the mall. 

Additional research and study is required which must include a long-range opera­
tion of a shoppers' mall in the CBD with more adequate planning and research to eval­
uate the effect of the mall. Some of the items which must be considered in this evalu­
ation would be: 

1. The effect on traffic routii^. 
2. Parking—supply, demand, and usage, and parking-control. 
3. Motor vehicle accidents. 
4. Use of mass transit. 
5. Attitude of shoppers. 
6. Attitude of merchants. 
7. Adaptability of various types of physical areas. 
8. Adaptability of various types of businesses. 
9. Gross retail sales. 
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THE NATIONAL ACADEMY OP SCIENCES—NATIONAL RESEARCH COUN­
CIL is a private, nonprofit organization of scientists, dedicated to the 
furtherance of science and to its use for the general wrelfare. The 

ACADEMY itself was established in 1863 under a congressional charter 
signed by President Lincoln. Empowered to provide for all activities ap­
propriate to academies of science, it was also required by its charter to 
act as an adviser to the federal government in scientific matters. This 
provision accounts for the close ties that have always existed between the 
ACADEMY and the government, although the ACADEMY is not a govern­
mental agency. 

The NATIONAL RESEARCH COUNCIL was established by the ACADEMY 
in 1916, at the request of President Wilson, to enable scientists generally 
to associate their efforts with those of the limited membership of the 
ACADEMY in service to the nation, to society, and to science at home and 
abroad. Members of the NATIONAL RESEARCH COUNCIL receive their 
appointments from the president of the ACADEMY. They include representa­
tives nominated by the major scientific and technical societies, repre­
sentatives of the federal government, and a number of members at large. 
In addition, several thousand scientists and engineers take part in the 
activities of the research council through membership on its various boards 
and committees. 

Receiving funds from both public and private sources, by contribution, 
grant, or contract, the ACADEMY and its RESEARCH COUNCIL thus work 
to stimulate research and its applications, to survey the broad possibilities 
of science, to promote effective utilization of the scientific and technical 
resources of the country, to serve the government, and to further the 
general interests of science. 

The HIGHWAY RESEARCH BOARD was organized November 11, 1920, 
as an agency of the Division of Engineering and Industrial Research, one 
of the eight functional divisions of the NATIONAL RESEARCH COUNCIL. 
The BOARD is a cooperative organization of the highway technologists of 
America operating under the auspices of the AcADEMY-CoUNCiL and with 
the support of the several highway departments, the Bureau of Public 
Roads, and many other organizations interested in the development of 
highway transportation. The purposes of the BOARD are to encourage 
research and to provide a national clearinghouse and correlation service 
for research activities and information on highway administration and 
technology. 
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