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FOREWORD 

ALTERNATIVES FOR IMPROVING URBAN 
TRANSPORTATION- A MANAGEMENT 

OVERVIEW, was prepared as part of a course 
development program having the same title. The 

training course referred to throughout this publi
cation is 3 days long has been conducted for a 

number of Federai,State, and local highways agencies. 
For information on the availabilty of the course 

contact your local FHWA Division Office. 

This report is made available as a technology sharing 
report because it provides practical information that 
can be used to improve the efficiency of the existing 

transportation system. The emphasis is placed on 
"getting the most out of what we have." Alterna
tives presented include improving traffic operations, 

improving urban goods movements, ride sharing 
programs, demand management, Transportation 

pricing, and improved public transit. 

A training kit is available to help professional 
instructors that may desire to give this course to 
transportation officials. The Kit includes visual aids, an 

instructors manual, and a student notebook. For further 
information on the training kit contact the Federal 

Highway Administration, National Highway Institute, 
HHI-2, Washington D.C. 20590 





PREFACE 

Mobility, frequently acclaimed as our fifth freedom, is the 
very fiber of our democratic society. It is the backbone 
of industry, and the principal sustenance of the urban commun
ity . Without mobility, progress in our community is stifled; 
with it, growth and prosperity prevail. 

Mobility manifests itself in transportation. Transportation 
is not automobiles, buses, trains, airplanes, and other trans 
port objects, but people and goods. The desires of people 
and their need for goods create the demand for transportation. 
Their preferences in terms of time, money, comfort, and con
venience dictate the types or modes of transportation to 
be used . Transportation is not without its limitations: time, 
space and economy. Therefore, the basic premise of transpor 
tation management is to serve the people's needs within the 
constraints of time, space, and available resources . 

Due to unprecedented advancements in technology and affluence 
of society in recent years, our current transportation system 
has developed rapidly to a stage of early maturity. That is, 
a basic system framework is established; we have extensive air, 
rail, highway, waterway, and pipeline subsystems throughout 
the country. 

With such rapid development there are inherent inefficiencies 
in the system. These inefficiencies have resulted in operational 
problems, particularly in the urban areas, where demand is 
high and space is limited . 

The time has come when we must concentrate on improving the 
efficiency of the existing system rather than expanding or 
replacing it. There are various alternatives available for 
the improvement of urban transportation, and this course is 
intended to provide for the transportation manager an over 
view of these alternatives, with emphasis on the applicability, 
the benefits, and the trade-offs associated with each alterna
tive. 

This course was prepared by the Texas Transportation Institute 
under contract number DOT -FH- 11 - 8510 with the Federal Highway 
Administration, under the guidance of William L. Williams, 
Project Manager, and the UTOT Task Force, Jack T. Coe, Chairman. 
In the second phase of the contract, the course is being pre 
sented on a regional basis, one presentation in each region. 
Up to 15 additional course offerings may be scheduled at the 
option of FHWA . 

Therefore, the contents of these course notes reflect the 
views of the authors who are responsible for the facts and 
the accuracy of the data presented herein. The contents do 
not necessarily reflect the official views or policies of the 
Federal Highway Administration. This report does not consti
tute a standard, specification or regulation. 
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CHAPTER 1 
INTRODUCTION TO COURSE 

1.1 INTRODUCTION 

Mobility, fre quently acclaimed as our fifth 
freedom, is the very fibe r of our democratic 
s ociety . It i s the bac kbone of indu s try, 
and the principal s ustenance of the urban 
community. Without mo bility , p r ogress in 
our community i s stifl ed ; with it, growth 
and prosperity preva i l. 

Mobility manifes t s it se l f in transportation. 
Transportation is not automobil es, buses, 
trains, ai rpl anes, and other transport 
obj ec t s, but peopl e and goo ds. Th e desires 
of peopl e and the1r nee d-ror-goods create 
the demand for trans portation . Their pre
ferences in t erms of time, money, comf ort, 
and convenience dict a t e the typ es or modes 
of tran sportation to be used. Transporta 
tion i s not without i t s limitat ions: time, 
space, and ec onomy. Therefore, the basic 
premise of tra nsportation management is to 
se rve the people' s needs with i n the con 
straints of time, space, and availab l e 
resource s. 

In order that transpo rtation management may 
be accomplished, it mu s t be tr eated as a 
s ystem with interactive capabi lity. It i s 
not sufficient to hav e independ ent sys tem s 
attempting to sati sfy the same ob ject ive, 
such a s we have in opera ting privat e, publi c, 
and mas s tr ansportation as separate entiti es. 
They mu s t be drawn to get he r i n a singl e 
system with management toward the common 
goal. Thi s cours e is designed to bring to 
gether the conc ept s of manag ing t he total 
transportation system, and to give an over 
view of factors r e lating to the transporta
tion process. 

1. 2 THE URBAN TRANSPORTATI ON OPERATIONS 
TRAINING PROGRAM . 

1 .2 1 UTOT Program Obj ective s. 

The obj ective of the UTOT Program is to pro 
vide a complete training program in urb an 
traffic opera tions for manag ement , supe~
vi s ory , and technical personn e l at the fed 
e ral, state, and city l eve l s. 

1 .22 UTOT Program Concept. 

The program c oncept, as es t abli s hed origi 
na lly by the FHWA Ta sk Group on Urb an Traffi c 
Operation s Training, and s ubsequ ently pre
sented in the project prospectus, has not 
been changed appr eciably. Principally, 
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the concept recogni zes a common body of 
technology applicable to urban traffi c 
op e rations with different interes t s and 
needs, dependent on the individual position 
of r esponsibility . Three general categories 
of r espons ibility are identified: Pro gr am 
Mana gment, Proj ect Supervision, and 
Techni ca l Res ponsib i lities. Thu s, the three 
l eve l s of r espon s ibility set out for 
structuring the program are Management 
(Leve l 1), Supervi s ory (Lev e l 2), and 
Technica l (L evel 3). The three level s are 
describ ed as follows: 

• Level 1 - Management. The course for 
this l evel s hould be deve lop ed as an over
view of urban traffic op erations, presenting 
the var i ous elements or di scipline s of 
traffic operations, their interrelation
ships, and their r e lation ship to the total 
transporta tion system. The overv iew course 
should put re s ourc es , te c hnolo gy, and policy 
in proper per spective and fac ilitate 
rational consideration of the alternatives 
and consequences of decisions . 

Material pre sent ed in the Leve l 1 course may 
inc lude subjects c ov ered in Leve l s 2 and 3 , 
but the pr esent a tion and form will be abbre
viated and oriented to mana gemen t needs. 

• Level 2 - Supervisory. Thi s l evel of the 
program s hould consist of several courses in 
traffic op eration s for sup ervi so r y per sonn e l 
who are responsible for insti tuting poli c i es 
and decisions of the mana ge ment . The 
courses at thi s l eve l should present th e 
lat est technology, practice s, and poli c ie s 
for th e ac hievement of improv ed traffi c 
operations. The principal obj ective of this 
level of the program i s to up grade th e tech
nolo gical level of s up ervi sory pers onnel to 
provide maximum implementation of the latest 
practi ces and technology. 

• Level 3 - Technical . Cour ses a t thi s 
leve l s hould be ai med at the prof ess iona l 
and subprofess i ona l l eve l s of traffic 
operations where des ign and operational 
practices are car ri ed out . Th e principal 
objective of this l evel is to up grad e th e 
technica l proficiency of operating perso nn e l 
in th e late s t technological advancement s in 
t h e fie l d of tra ffic operations. Also, 
ba sic short cour ses on f und ament a l s of 
traffic operations will be included for th e 
upgrad i ng of personne l a s ba s ic a ss ignm ent s 
change within th e operating agency. 



1.23 UTOT Program Participation. 

Level 1 - Management. The course at this 
level is designed for FHWA Division and 
District Engineers, FHWA Regional Staff, 
State Design and Operations Engineers, 
Urban Transportation and Design Managers. 

Level 2 - Supervisory . Courses at this 
level are to be designed for engineers who 
have specific program responsibilities and 
have need for training in the managerial/ 
technical aspects of a given discipline. 

Level 3 - Technical. Courses at this level 
are to be designed for engineers/technicians/ 
professionals working in a given project 
area and who need technical training in 
that area. 

1.24 Recommended Courses. 

General title descriptions of courses or 
course subject areas recommended for each 
of the levels are given below. 

Level 1 - Management. One course, "Alterna
tives for Improving Urban Traffic Operations" 
provides an overview of alternative methods 
of solving urban transportation problems. 

Level 2 - Supervisory. Nine courses are 
proposed, as follows: 

Course 2.1 Traffic Engineering Fundamentals 

Course 2 . 2 Management of Traffic Control 
Systems 

Course 2.3 Capacity of Transportation 
Facilities 

Course 2.4 Design of Urban Streets 

Course 2.5 Lighting 

Course 2.6 Management of Low Capital 
Improvement Programs 

Course 2 . 7 Public Transportation- An 
Element of the Urban Trans
portation System 

Course 2.8 Pedestrian and Bicycle 
Considerations in Urban Traffic 
Operations 

Course 2.9 Safety Design and Operational 
Practices for Streets and 
Highways 

Level 3 - Technical. An undetermined 
number of courses are recommended, to in
clude the subjects listed below. It is 
anticipated that some of these courses are 
already in existence, some should be pre
pared by FHWA, and some should be prepared 
by universities and other institutions. 
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Traffic Operations 

Signalization 
Traffic Fundamentals 
Freeway Control 
Driver Communications 
Urban Street Operations 

Traffic Planning 

Environmental Effects of Traffic Operations 
Land Use 
Site Development 
Access Control 

Design of Traffic Facilities 

Capacity 
Geometries 
Drainage 
Lighting 
Transit 
Safety 

Transit and High-Occupancy Vehicle Systems 

Rail Systems 
Bus Systems 
Multi -Mode Systems 

Data Systems 

Computer Technology 
Inventory Methods 
Data Handling 

1.3 MANAGEMENT OVERVIEW COURSE OBJECTIVES 

The objectives of this course, the Level 1 
Management Overview Course, are enumerated 
as follows: 

• To identify the urban transportation 
problems of today. 

• To explore alternatives for improving 
urban transportation. 

• To identify the essential considerations 
for management decisions relating to alter
natives for urban transportation. 

This course is intended to provide the trans
portation manager with a broad overview of 
urban transportation alternatives, and to 
assist him in dealing more effectively with 
current transportation problems of the 
urban area. The significance of moving 
people and goods rather than vehicles is 
stressed. The primary theme is to "make 
the best use of what we have" through the 
implementation of short-range improvement 
alternatives such as the implementation of 
public transit, ride sharing, variable work 
hours, improved traffic operations, and 
others. 



1.4 HISTORI CAL DEVELOPMENT OF URBAN TRANS
PORTATION - A Discourse on Where We Have 
Been and Where We are Going* 

Transportation is everyone ' s concern - our 
entire society is geared to the mobility of 
people and goods. We all enjoy the privileges 
afforded by transportation, and we all s u ffer 
from its deficiencies. The average Citizen 
drives hi s personal car to and from work, and 
enjo ys the freedom and flex ibility of c hoo sing 
hi s own schedule for travel. For this privi
lege, he must contend with the problems of 
pea k hour traffic. In most cities, thi~ peak 
hour traffic presents a rather frustrating 
s ituation --noisy, crowded streets and freeways, 
and freq uentl y stop - and-go co ndition s . In a 
word--congestion. As we in the tran s portion 
fie ld view this daily ritual, we, too, become 
fr ustrated, because we . know there is a better 
way, at least from our point of view. We see 
around us a street system choked with auto 
mobiles and most of these automobiles, each 
carryin~ one person, have a capac it y of 4 or 5 
people; we note the 20-25% efficiency In space 
and energy utilization, and the seem in gl y 
needless contribut ion to pollution of the at
mosphere. We ar e conf ident that our major 
transportation problems could be solve d If the 
traveling public would exerc i se several of the 
more efficient transportation a l ternative s. 

One alternative is to utili ze the vehicle more 
nearly to its practical capacity. Increasing 
the average occupancy to three would red uce 
vehicular demand on traffic facili ti es by more 
than 50%. Al so, if more people would ride the 
hi gher capac it y transit veh i cles, the peak 
hour congestion wo uld be reduced . Further, we 
could stagger our wor k hour s so that travel . 
demand is spread more uni form l y over longer time 
periods. Any of these alternatives would re s ult 
in improved operation; so why have they not been 
fully implemented? Why are things the way 
they are 7 

Throughout recorded hi story, mankind has st rived 
for f r eedom, independence and mobility. In 
this, the 20t h century, all have been achi eved . 
The first two - freedom and Ind epe nd enc e - are 
guar ant eed through the democracy i n_whi ch we 
live . Mobility - in fact a fantastic leve l of 
mobility - is provided through modern technology 
and the curr ent state of personal affluence. 
And what is the result of this v irt ual state 
of Utopia? - Most individuals ca n travel when 
where and wit h whomever they wish? 

To better understand our current situation , 
let' s review some hi story of urban travel. For 
centuries urban residents traveled within the 
city by walking. Transportation was not a 
major problem be cause cities were small, and 
all points within the city were acce~sible on 
foot within a reasonable period of time. Only 
the rich enjo yed the luxury of riding. 

With the Industrial Revolution of the 1800' s 
cities began to grow and expand in population, 

* Narrative of an Audio - Vis ual Presentation 
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and with t hi s growth came t he need for travel
ing greater distances, which in turn increased 
the demand for improved means of transportation . 
Thus, animal-drawn veh icl es became commonplace 
as a means of public and private transportation . 
The Industrial Revolution brought about n ew 
dimensions in transportation, and a new form 
of traffic congest ion . 

In the ~ays of animal-drawn vehicles, most 
city streets were not paved . To provide a 
smoother riding s urfa ce and to permit one 
horse to do the work of several, man y transit 
compani es built street rai lways for hor se
drawn transit vehicles. This hor se-drawn tram 
was typical of those used i n New York City in 
the mid 1800' s . Howe ver, the advent of rails 
did not increase the speed or the range of 
ho rse-drawn vehicles. 

Because he opposed the brutal whipping of 
horses, Andrew Hallidie so ught a better power 
sour ce for transit vehic l es. Thus, he deve
lop ed the cabl e car. Cable cars were not nec
essarily faster than the hor se-drawn vehicles, 
but they e liminat ed the need for maintainin g 
large herds of hors e~. Elimination of the 
hor ses also so l ved a very s i gnificant pollu
tion problem! These two advantages brou ght 
about the installation of cab l e cars in several 
l arge cities around the nation, San Francisco 
bein g the fi r st in 187 3 . 

One cable car installation i s illustrated here 
in Washington, D. C., about 1900. 

Cable cars were limited in spee d and distance, 
and were soon replaced by electric streetcars. 
Electric streetcar systems appeared in near ly 
every large city in Ameri ca, and even in some 
cit i es of l ess than 5,000 population. 

Th ere is no doubt that the streetcar was a very 
signi ficant development in urban transportation 
because it provided a longer ran ge and h igher 
operating speeds. Eve n so, streetcars did not 
e liminat e c on gestion. 

With the advent of the street car, many cities 
soon discovered that some streets were too 
narrow to accommodate streetcar lines and still 
serve wagon and buggy traffic, so they built 
transit fac iliti es above the street. This 
facility, the 9t h Aven ue Elevated in New York 
City, was opened about 18 75. The vehicles 
were initiall y steam-powered, but later were 
converted to e l ectric power . Some e l evated 
facilities, s uch as the Chicago "L" are still 
in service today. 

Sin ce transit ve hi cles using elevated faci litie s 
were free of the normal traffic interferences 
at the ground level, they co uld travel faster; 
thus, rail rapid tran sit was born before the 
turn of the cent u ry . Some cities objected to 
the poor aesthetics of the e l evate d facilities, 
and cho se to build similar facilities under 
gro und; thus, the subway was born. Boston began 
it s s ubway system about 1885, and New York City 



opened the first segment of its system in 1904. 
Still, congestion was not eliminated. 

The motorbus increased in popularity as ad
vancements in technology improved operational 
capability. This steam-powered double-deck 
bus wa s used in London in the early 1900's. 
Passeng e r s could ride on top, exposed to the 
elements, for about half -fare. It is signi
ficant to note that motorbuse s became popular 
in London a full 20 years before they did in 
the United States. 

About 1920, transit compani es began replacing 
streetcar lin es with bus line s because of the 
inh e rent flexibility of the bus as a transit 
vehicl e . Buses were more compatible with other 
traffic, and routes could be altered as demand 
changed. Even so, buses did not eliminate 
congestion. 

Today about three-fourths of transit ridership 
is carried by buses. The bu ses of today are 
usually air-conditioned and op e rate at reason
ably goo d travel speeds, dependent upon traffic 
conditions, number of stops, and preferential 
treatment. 

At thi s point, we have observed the evolution 
of urban transit forms from animal-drawn 
vehicl es to gasoline-powered motor buses; but 
the ma jor impact on urban tran s portation began 
in 1893 when the Duryea Brothers built the 
first gasoline-powered automobile. Little did 
they r ea lize that they were unl eas hing a power 
that would totally revolutioniz e the transpor
tation and lifestyles of th e whole world. 
Originally a rich man ' s novelty, the automobile 
quickly became a device of utility because 
it satisfied man's inborn desir e for mobility. 
Rapidly advancing technology, including 
assembly line production method s, soon pro
vided a dependable automobile a nd one that 
wa s priced within the financial capa bilities 
of mo s t Americans. We soon became a nation 
on wheel s, and mobility became our way of life . 

Since the 1920's, automobil e travel has 
experienced phenomenal growth, and we have tried 
valiantly to keep ahead of this growth with the 
development of new road systems. The first 
najor road development was the Pri mary System, 
:reated as a part of the Federal Aid Highway 
\ct of 19 21. The Primary System was only 7 
Jercent of the nation's rural mileage, so it 
fas soon necessary to s uppl eme nt it with other 
>ystems . As a result, the Federa l Aid Secondary 
iystem was es tablished in 1944. Also, in 
l944 the Federal Aid Urban Exte nsion sys tem 
vas created to prov ide continuity of the 
'edera l Aid Primary and Secondary Systems 
t hrough the urban areas. Th ese three sys tems 
1re commonly known as the ABC sys tems. 
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In 1956, the greatest of all peacetime public 
work efforts, the Inter s tate Highway System 
wa s begun. And th e latest sys tem, the Urban 
System was established by the Federal Aid 
Highway Act of 1973. 

The se systems are evidence that we have 
attempted to satisfy the ever-increasing de
mand for travel by developing new systems and 
building more facilities. However, the demands 
have increased more rapidly than we have been 
able to develop and to build new facilities. 

Many feel that it i s time to draw the line--to 
r equire some sacrifices to make the system 
more efficient. Alternative trave l modes have 
been proposed as poss ible s ub s titutes for the 
private automobile. We can recall several 
that were tried, only to be replaced by trans
portation modes more compatible with our pre
ferred lifestyle. A return to rail rapid 
transit . often is suggested as a solution to 
urban transportation problems. But, rail 
rapid-transit often requires a capital outlay 
grea ter than any freeway system, and in all 
but a few instances, it is difficult to justify 
the economic investment in view of a decline 
in transit ridership. A review of the causes 
of this decline would be worthwhile. 

It is the general impressi on that the decline 
in transit ridership has occurred only since 
World War II. That i s beca use data genera lly 
are plotted only for that time period. 

To get the true picture of the decline, we 
should plot ridership data back to about 1900. 
Then we note that the decline actually began 
in the 1920's. Parenthetical ly, this corresponds 
with expanded usage of th e automobile. We may 
not e that transit rider s hip stabili ze d to some 
ex tent during the Depression of the 30's, and 
then peaked again durin g the war years when 
there was a serious shorta ge of automobiles 
and fu e l . 

Obviously, the major declin e ha s occurred 
sinc e World War II. Some have claimed that 
fare increases caused the decline, and pro
posed lower fares or no -fare transit service. 
It is true that the decline since World War II 
generally corresponds to fare increases, but 
thi s is more coincidence than cause and effect. 
It i s important to rememb e r that the decline 
in ridership began in the 1920's and was inter
rupted only by the un fortunate c ircumstances 
of a drast ic economic depression followed by 
a major war. 

Then what were the causes of a declining 
transit ridership? Certainly, the increasing 
availability of automobil es for private use 
has been a major factor. As s hown in this 
illus tration, the numb e r of automobiles has 
in c reased proportionately with population 
s ince 1920. Even though the two curves are 



parall e l, the ratio of persons per automobile 
ha s changed drastically - 20 to 1 in !920 as 
compared to 2 to 1 in 1970. Increasing per
s onal incom~ or personal affluence, is prob
ably the·pr1mary reason why Americans have 
been able to afford private transportation. 

Another m~jor fact?r in the cause of declining 
trans1t r1dersh1p 1s the type of housing made 
possible by the various transportation modes. 
Urban residents always have preferred the 
comparatively isolated domain afforded by the 
modern-day si ngle family residence. Such a 
lifes t y le could not be achieved because of 
the limit a tions imposed by early transportation 
mod es . In this illustration, we see the histor
ical growt h of cities plotted on the background 
of the eras of various t ypes of transporta tion. 
Note that during the era of horse-drawn and cable 
car transportation, major cities began to mush
room in population. In order to utilize the 
existing transportation sys tems, th ese additional 
r es id ents had to crowd into about the same land 
area that the cities had occupied prior to their 
rapid increase in growth--that is, the land area 
which could be served hy ho rse -dr awn and cable
car tr anspo rtation. Th e net res ult was high
densi t y r esidential areas. 

Th e electric stree tcar provided higher oper
ating speeds and greater r anges, s o it allowed 
the cities to expand outward. Row-hou ses , 
such as the se in San Franci s co, were typical 
of residences built along new streetcar lines. 
The electric streetcar was readily accepted, 
not only because of its better transportation 
service, but also because it permitted a more 
desired form of housing. 

When the motorbus and the automobile came 
along, they had the flexibility to expand into 
the open space between the se corridors and to 
go even farther out. People r eadily accepted 
them because of the opportunity to achieve 
single-family dwelling unit s in and around 
large cities . The current lifestyle has in 
fact created a greater dependence on the auto
mobil e and lessened the accommodation of mass 
tran s it. 

Thus, it appears that the major factors contri
buting to the decline of transit usage are: 

(1) Public affluence, 

(2) Increasing availability of automobiles, and 

(3) A de s ire for low-density housing. 

These factors have combined to create a life
s tyle in which transit may neve r return to its 
former role as the primary means of urban 
travel. Yet, there doe s appear to be an in
creasing need for some form of public transpor
tation. We have seen that rail rapid transit 
is not new; it was actually developed before 
the turn of the century. But there has been a 
renewed interest in rail rapid transit. Its 
success in the modern-day setting depends on 
the success of new systems such as those in 
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Toronto, Montreal, San Francisco, Washington, 
D.C., and Atlanta. 

Toronto was the first of these sys tem s , open
in g its s ubway in the 1950' s with modern 
s t a tions and comfortable vehicles. The rider
s hip wa s large initially and is s till growing. 
Montrea l opened a mod~rn fixed guideway 
rapid-transit system just prior to Expo ' 67 . 
Both systems are considered s uccessful. 

Before we conclude that th e expe ri ence of 
the se two Canadian cities is evidence that 
rail r ap id transit would be s uccessful every
where, we should note some of the differenc es 
in li festy l es. Resident s of both Toronto 
and Montreal live at much hi gher densities 
than those in many cities of the United States. 
Toronto has numerous high -rise apartment 
buildings while most Montreal r esi dents live 
in row-houses containing six or more families 
each. Both Canadian cities have a history of 
high transit usage . Even though the subway 
stations are spaced about a half-mile apart 
to be in easy walking di s tanc e , s urveys show 
that about three out of every four subway 
passengers ride to or from th e s ubway station 
on street-cars or buses. Probably as many 
buses come to this one subway s tation in 
Montreal each day as come into many of our 
downtown areas. Even though their total tran
s it ridership is increas in g , they are encoun
tering financial difficultie s , and s ubway 
ridership seems to be declining. 

The mo s t recent fully opera tional system to 
op en in the United States is BART, the Bay 
Area Rapid Transit System, se rving the San 
Francisco-Oakland area. It is, indeed, more 
modern in appearance th an any previous system, 
and was designed to be mor e automated. A 
trainman starts and s top s th e train; other
wise, it is computer controlled. 

The vehicles are spacious, comfortable, and 
modern in appearance with uphol s tered seats 
and carpeted floors. In an effort to attract 
as many automobile drive r s as possible, the 
BART system installed park-and-ride lots at 
each of its outlying stations. BART is in-
deed a beautiful system. It cost 1.7 billion 
dollars, or about 21 million dollars per mile! 
Others systems being built in th e United States 
today include the Metro System in Washington, 
D.C., the cost of which is now est imated at 5 
billion dollars, or about SO million dollars per 
m1le. The Atlanta system, now und e r construction, 
is expec t ed to cost l ess because much of the 
system will be at- grade on existing right -of- way. 

It should be recognized that .transit systems 
in ex isting urban se tting s Bre not likely to 
pay their way through the fare box. Thus, it 
appears that the implementation of transit 
relates to the goals and objectives of the 
community more than purely economic considera
tions. In making decisions relating to urban 
tran sportation, the decision - makers must 
realiz e that rail systems have high initial 



cos t s, require an extended time period for 
implementation, are fairly inflexible, and 
require high -density development to be cost
effective. For these reasons, many cities 
are considering other ways of providing mass 
transportation into the cent er of the city. 

Bus rapid tr ansit provides an expedient mean s 
of mass transportation. Such a system can 
be implemented in a much s hort er time at a 
lower capital investment because it can uti
li ze the ex i sting hi ghway network. The 
qual ity of bu s rapid transit as compared to 
rail rapid transit i s largely a function of 
the line-haul trip. To make the systems 
comp arab l e, steps must be taken to reduce the 
ef fect s of prevailing congestion on bus travel. 
This is bein g done is several projects around 
the country. An exclusive bu sway i s provided 
in the median of the Shir l ey Highway leading 
into Washington, D.C. In Minneapolis, Inter
state Hi ghwa y 3SW i s bei ng managed to provide 
priority treatment at the ramps, but other
wise buses operate in mixed flow with ot her 
traffic. 

In other cities, freeway lanes are reserved 
for the exc lusive use of bu ses and other high 
occupancy vehi cles. In st ill other instances, 
cont ra-flow freeway lanes enable buses to tak e 
advantage of unused capacity i n the off-peak 
direction. 

On the Oakland Bay Br idge, buses and other 
high-occupancy ve hi c l es are assigned excl usive 
l ane s to by-pass the toll plaza congestion. 

At ramps onto freeways, buses are g iven 
priorlty treatment to reduc e delay. Buses 
by-pass the waiting qu e ue of passenger cars 
by way of a turn-out or a separate ramp . 

Cities are also implementing procedures to 
speed up the operation of buses in the down
town area, such as reserving l anes exclus ively 
for buses during the peak hour . This allows 
the buses to keep movin g rather than being 
stopped in traffic jams. Others are des i gna -
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ting some s treets as "bus streets, " exclu
sively for the operat ion of buses. 

Where Do We Go From Here ? Although this 
appears to be a quest lon for the crystal ball, 
there are a few facts that may shed s ome li gh t 
on the s ubj ect. 

First, our desire for per sonal mobility will 
not be denied as lon g as we have the affluence 
to s upport it . Even in the face of fossil 
fuel limit a tion s and the environment a l conce rns, 
individual mobility will prevail. 

We have a tremendous investment in our system 
of streets an d highways, and we will continue 
to develop and to use this system for per sonal 
transportation. No doubt, there will be 
chan ges in the way this system is use d, and 
in the vehicles us ing it. For example, the 
personal vehicle is s hrinkin g in size and 
weight,while the transit vehicle is being 
enlarged to carry more passengers. 

The re i s obviously a maximum amount of the 
u rban space that can be reserved fo r transpor
tation. As the demand for this space gets 
grea ter, we will see effic ient compromises 
tak e place. For example, most of our cities 
today experience congestion in the densely 
developed commercial areas and on the arte
rials l eading into these areas . On the other 
end of the trip, there is virtually no conges
tion. Such a condition is conducive to mi xed 
mode operations. The individual may u se hi s 
private vehicle for travel to an inte1mediate 
terminal point and then complete the remain
der of the trip by a transit mod e. 

Th e so lutions to urban transportation prob lems 
are not simpl e. Th ey cannot b e simpl y l egis
lated, regulated or purchased. Solutions are 
achieved by f irst identifying the problems, 
setting objective solution s acceptable 'to 
society and applyi ng a ll availabl e resources 
to the achievement of th ese objectives. 



CHAPTER 2 

ALTERNATIVES FOR TRANSPORTATION HlPROVErlENTS 

SESSION OBJECTIVES : 

1. To identify the basic concepts of urban 
transportation improvements--reduce demand 
or increase capacity. 

2. To expand each of the basic concepts, 
introducing alternatives of transportation 
improvements. 

3. To summarize transportation improvement 
alternatives for an overview, and to lay the 
groundwork for the remainder of the course. 

2. 1 INTRODUCTION 

If we accept the general goal of the urban 
transportation system as the "movement of 
people, goods and services in a safe and ef
ficient manner within the constraints of the 
community's social, economic and environmen
tal goals", then there are several alterna
tives available to us for the achievement of 
this goal. The purpose of this session is 
to review these alternatives briefly and 
attempt to achieve a total perspective. 
Then, we will pursue each of the alternatives 
in more detail, from a management viewpoint, 
in subsequent sessions. 

The various alternatives for transportation 
improvements can be categorized under two 
basic concepts--reduce demand or increase 
capacity. 

2.11 Reduce Demand. The alternatives for 
reducing demand are expanded considerably if 
we assume that this may be accomplished by : 

• Reducing the number of person trips, i.e., 
reducing the necessity for people to travel. 

• Reducing the number of vehicle trips, i.e., 
increasing the number of persons per vehicle . 

• Dispersi on of peak period demands, i.e., 
changing or spreading the time frame by which 
people travel. 

2.12 Increase CaFacity. Likewise, alterna
tives for Increasing capacity are more numer
ous if consideration is given to: 

• Providing additional facilities. 

• Expanding existing facilities. 

• Improving the efficiency of existing 
facilities. 
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.2.2 CLASSIFICATION OF SOLUTIONS 

Improvements to urban transportation systems 
at this point in time must be extremely "time
effective" and to a great degree, "money-ef
fective . " That is, improvements must have 
a "quick pay-off" and be within the current fi 
nancial constraints. Therefore, it is nec
essary that we consider the classification of 
improvements based on high - capital, low-cap
ital or non-capital expenditures. 

2.21 High -Capital . This classification re 
lates to the acquisition of right-of-way, 
construction of new facilities and the pur
chase of rolling stock. It applies equally 
to the construction of new highways and rail 
rapid transit systems. Characteristics of 
alternatives falling within this class are 
similar. 

• Require long lead times. Several years 
are required for the planning/design/con
struction process. Any freeway, BART, Wash 
ington Metro and other projects now being 
built are evidence of lead times required. 

• New construction costs are high. Urban 
freeways now cost over $1 million/lane-mile, 
and the new underground rail-rapid transit 
systems are costing $25 - 45 million/mile. 

• Perpetuation of current transportation 
inefficiencies. Particularly In terms of 
urban freeways, additi onal facilities will 
permit the continuation of the private auto, 
one ve hic l e-one occupant trend. 

• Perpetuation of auto-oriented land use 
form. As long as we continue to satisfy the 
unbridled individual demand, land use will 
continue to develop according to the current 
trend. 

Alternatives falling in the High-Capital 
classification are not a consideration in 
this course. 

2.22 Low - Capital. This classification re
lates primarily to minor revisions of the 
physical facility or system for the improve
ment of operational characteristics. Alter
natives within this classification are called 
"intensive" improvements because they build 
upon an initial capital outlay, and generally 
provide greater effectiveness for dollars 
invested. They take three basic forms: 

• Improvements in ca¥acity. Capacity re 
lates to the design o the facility. Alter-



natives ncluded are intersection improve
ment s, m d-block improvements and, in general, 
the elim nation of bottlenecks, provision of 
larger transit vehicles, sho rter headways, etc. 

• Improvements in Operations. Operations 
relate to control or operational strategy. 
Thus, this class of low-capital improvement s 
would include signal system improvements, one
way streets, provision of reversible flow, etc. 

• Modal Preference. This group of alterna
tives relat e to changes in travel mode in an 
effort to improve overall transportation 
services. Included are purchase of buses, 
construction of exclusive bus ramps, car 
pool accomodations, bike lanes, etc. 

2.23 Non-Ca£ital. This classification re
lates pr1mar1l y to regulation and management 
rather than physical changes in operational 
facilities. Non-capital improvements per
haps require the least lead time because 
they deal with policies and methodologies. 
Example: Non-capita l improvements are trans
portation pricing, restriction of vehicles, 
changes in bus routes and schedules, land 
use restrictions, etc. However, these alter
natives can probably have the greatest effect 
Jn society and life style. 

2.3 REVIEW OF DE~~ND-ORIENTED ALTERNATIVES 

fhese alternatives are based on actions that 
•i ll reduce the demand for transportation. 
fhese generally are time-related in that 
they are aimed primarily at reducing demand 
iuring the peak travel period. 

2.3 1 Transportation Pricing. Transportation 
Jricing to regulate demand 1s a concept 
Jased on the premise that transportation 
iemand i s inver se ly proportional to the 
Jr ice of transportation. This may or may 
1ot be true, dependent on the flexibility of 
Jersonal income. As we have seen in the in
:reased fuel and automobile costs, people 
tre apparently adjusting their spending 
Jriorities rather than altering their travel 
Jatterns. There is a great need for addi
:ional information regarding the transporta
:ion pricing aspects of regulating travel. 
'resently, there appear to be two basic 
>ricing alternatives. 

.31.1 Dis-incentive Pricing. This term is 
tsed to descr1be the monetary proces s of dis
:ouraging travel by private auto by increas
.ng travel costs. This may be accomplished 
>Y levying taxes or tariffs on fuel, auto
tobiles, tolls and other methods, all for the 
•urpose of increasing the cost of travel 
•eyond the ind ividual' s capability or will
.ngness to pay. Some dis-incentive pricing 
chemes may be termed arbitrary while others 
re termed rational. Arbitrary pricing 

relates to pricing for control purposes, 
not for recovery of costs. The consequences 
of arbitrary pricing are mostly negative. 
First, arbitrary pricing is discriminatory 
against lower income groups. Further, there 
is widespread objection to taxation, in 
general, and especially when taxes are levied 
for control purposes rather than to support 
a societal benefit . 

• Dis-incentive pricing may be termed ra
tional if transportation is priced according 
to its actual cost, including hidden trans
portation costs. Some have proposed pricing 
peak hour transportation in accordance with 
facility, environmental, and other societal 
costs such as time and additional energy 
consumption during congestion. Such a pric
ing policy ha s a log ical basis and should not 
be too objectionable to the public. However, 
administrative methods are not well defined, 
and it appears that it would be a very dif
ficult task. One approach would be to charge 
tolls on freeways during the peak hour. How
ever, the collection of tolls would create 
additional congestion and increase operating 
costs. 

2.3 1 .2 Incentive Pricing. This term is 
used to descr1be pr1c1ng as a means of en
couraging the us e of more efficient trans
portation modes, through a reduction in 
travel costs. Several incentive pricing 
schemes are currently in use. These include 
reduced tolls for buses and carpools, reduced 
parking fees for car pools, reduced peak hour 
bus fares, company-furnished vans for van
pools, and others. 

2.32 Peak Period Dispersion. This is a con
cept based on manag1ng travel demand relative 
to time through the regulation of work 
schedule s. Alternatives include shorter work 
week (three or four work days) and variable 
work hou rs. The latter appears to provide 
the greatest potential benefit without 
greatly disrupting li fe style s. Some elements 
of the business industry are already utiliz
ing the 4-day work week, and it has been 
predicted that 35 to 40% of the work force 
wi ll be on a shorter work week by 1990. By 
instituting 10-hour days, the work trips are 
moved off the normal peaks . There is a po
tential for reduced travel, but it appears 
likely that extended weekends may result, in 
stead, in increased travel. 

Variable work hours, including staggering of 
fixed work schedules and flexible work hour s 
which permit the individual to select start
ing times, seem to be more adaptable to 
current life styles, and probably do more 
to reli eve peak period conge st ion. A major 
project by the New York Port Authorit y has 
demonstrated the effects of staggered work 
hours. More recently, Canadian government 
employees in Ottawa initiated an extensive 
variabl e work hour s project. Both of these 
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will be discussed in more detail later. 

2.33 Ride Sharing. This concept relates to 
alternat1ves for 1ncreasing vehicle occupancy 
by providing time and money-saving incentives. 
Specifically, reference is made to the en
couragement of car pools and van pools. In
centives provided have included the use of 
priority vehicle bus lanes, reduced tolls, 
reduced parking rates, preferential parking 
locations, and others. Some companies have 
instituted incentive plans whereby the com
pany furnishes van-type vehicles for groups . 
willing to participate in group riding. 

2.34 Im rovin Public Trans ortation. This 
is an approac to 1ncreas1ng pu 1c transpor
tation ridership through service incentives. 
Incentives include improved scheduling and 
routing of local bus systems, the establish
ment of Bus Rapid Transit services, demand
responsive systems (Dial-a-Ride, etc.) and 
others. There is a need to consider revision 
of regulations relating to public transporta
tion, as well as considering the need for 
subsidies. There is considerable potential 
for the improvement of public transportation, 
especially when it is brought under the con
trol of the urban transportation management. 

2.3 5 Facilitating Bicycle Travel. This is 
an approach to encourage people to use bi
cycles rather than automobiles through ser
vice and convenience incentives. In con
cept, thi s appears to be a viable alternative; 
however, the manager should consider the 
climatological influences, the realistic 
reductions in demand possible, and the costs 
of providing bike facilities. Bicycle facil
ities take two basic forms: 

• Bikeways--separate paths constructed for 
the exclusive use of bicycles. 

• Bikelanes--a part of the street designated 
and marked for the exclusive use of bicycles. 

The accomodation of bicycle travel creates 
two s i gnificant problems that must be con
sidered: the storage and security of bicycles 
at intermodal terminals, and the security of 
bike riders on bikeways through secluded areas 
such as parks . 

2.4 REVI EW OF CAPACITY-ORIE NTED ALTERNAT I VES 

Capacity - oriented alternatives for improving 
urban tran s portation relat e primarily to 
methods of increasi ng vehicular capacity of 
tra ff ic fac ilities. Not to be overlooked, 
how eve r, is th e add ed efficiency that ma y 
be reali ze d by couplin g these improvem ents 
with demand-ori ented alternatives to produce 
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an end result of more effie ent people move
ment. Alternatives to be d scussed in the 
capacity-oriented category nclude: building 
new facilities, improving traffic operations, 
1mproving pedestrian facilities, and impro v
ing urban goods movement. 

2.41 Building New Facilities. Building 
new transportat1on fac1l1t1es is certainly 
not one of the quick pay-off methods of 
solving today's urban transportation problems. 
Certainly, there is a continuing need for a 
balanced expansion and up-grading program 
of building new transportation facilities, 
but such a program can no longer be sub
stituted for improving the efficiency or 
people moving effectiveness of existing 
systems. To achieve maximum effectiveness 
a balanced program of immediate and l ong 
rang e projects within the r ea lm of urban 
tran sportation sys tem management must be 
implemented. 

2.42 rovin Traffic 0 erations. This 
approac re ates to 1mprov1ng ow on ex
isting street systems through traffic engin
eering and relatively minor design improve
ments. 

• Removal of Parking--full utilization of the 
street for vehicular flow purposes. 

• One-way Systems--changing major flows to 
increase the utilization of street space, 
improve signal progression, and reduce the 
capacity-reducing conflicts. 

• Reversible Flow--regulating street use by 
direction to better apportion available 
street space to demand by directional peaks. 

• Traffic Control Improvements--Improving 
control methods and strategies for more effi
cient handling of traffic. 

2.42.2 Design Improvements. There are sev
eral alternat1ves related to improving the 
physical features of the street to more 
efficiently accommodate traffic. These 
include: 

• Intersection Improvements--provision of 
separate turn lanes ana better alignment of 
approach lanes so that more uniform traffic 
flow may be achieved. 

• Mid-Block Improvements--proper design for 
access control and m1d-block turns to improve 
the safety and efficiency of the street. 



2.42.3 Freewar Operations Management. Most 
freeways In maJor metropolitan areas become 
overloaded during peak period~ and their 
traffic handling capability is reduced due 
to congested conditions. Their operational 
efficiency is greatly improved by regulating 
access to the facility so that traffic flows 
smoothly at volumes very near capacity of 
the facility . 

Although freeway operations management is a 
specialized complex element of urban traffic 
operations, it can be categorized into two 
basic activities . 

• RecurrinG Incident Management . A re 
curring Incident IS one which IS time pre 
dictive; generally, recurring incidents con 
sist of bottleneck situations or simply de
mand exceeding capacity . The basic opera
tional strategy is the metering or closure 
of entrance ramps to regulate the demand 
and thus improve operation on the freeway . 

• Non-recurrin Incident Mana ement . The 
non-recurring Inci ent IS any ran om capacity 
limiting event that is not time predictive, 
such as a stalled vehicle , an accident or 
other similar s ituations. The operational 
strategy involves detecting the incident, 
identify ing the cause and executing correct 
ive measures to restore the capacity . 

In some instances freeway operations manage
ment has been expanded to include systems 
considerations in the operation of an entire 
freeway corridor. The objective in corridor 
operation is to optimi ze the traffic flow 
on the entire corridor s treet network. In 
tegrated with thi s is the implementation of 
priority treatment of high-occupancy 
vehicles . 

• Special Bus Lanes . Bus travel times are 
improved by reserving exclusive lanes (and 
some time entire s tre ets ) for bus movement 
where congestion would otherwise prevail . 
These may be in the downtown area or they 
may be on freeways, where they also may be 
used by other high-occupancy vehicles such 
as carpools and vanpools. 

• Contra-Flow Bus Lane s. In downtown areas, 
contra -fl ow bus lanes are normally employed 
to assure exclusive use by buse s. On free 
ways, contra - flow lanes are generally pro 
vided to take advantage of available capacity 
in the non - peak direction of travel . 

2.42. 4 Us ing Larger Public Transpo rtation Ve
hicle s. Ther e 1s a larger generation 
buses designed to incre a se the people - moving 
capability of street vehicles . These can 
be described as two basi c type s: 

• Large Single Units . The new AASHTO pub
lication , A Policy on Design of Urban High 
ways and Art erial Streets, 1973, provides 
design criteria for the consideration of 
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the large bus as ~ critical de sign vehicle . 

• Articulated Bus . Now being tried on an 
experimental basis, the articulated bu s is 
a large capacity vehicle that "bends in the 
middle" so that it may negotiate turns 
designed for normal sized vehicles . 

2.43 Priority Treatment of High - Occupancy 
Vehicles. When capacity considerations are 
made on the basis of people capacity rather 
than vehicle capacity, it becomes practical 
to give special consideration to vehi c les 
that offer a potential for increasing the 
people capacity of streets. This requires 
new thinking, for heretofore, such vehicles 
have contributed to capacity reduction 
when capacity is equated in numbers of ve
hicles. Priority methods that have been 
employed are : 

• Signal Pre-emption . Buses are equipped 
with electronic control gear through which 
the driver of the bus can "call for" a 
green signal and thus avoid stops and de
lays. FHWA is now in the process of devel 
oping a "passive" pre-emption system. 

• Reserved Loadin /Unloading/B - Pa ss Lanes . 
The o JeCtive IS to provi e aci Ities 
which reduce the time required for buses 
to load, unload, and move through bottle
neck points such as intersections and free
way ramps . 

2. 44 Im rovin Pedestrian One 
of the maJor actors In sa opera-
tional efficiency of urban arterials is the 
vehicle/pedestrian conflict . Improving 
these conditions will improve vehicle 
capacity and enhance the incentive to walk 
more frequently. Some alternatives for the 
reduction of pedestrian conflicts are : 

• Improvements to pedestrian facilities 
in the CBD 

• Integration of special pedestrian facil 
ities in high density areas 

• Making provisions for pedestrian s in 
planning, design and operational practice s 
in the urban area 

• Providing pedestrian grade separations 

2 .4 5 Improving Urban Goods Movement . In 
the CBD area, one of the maJor capacity 
re s traints is the partial blockage of traf
fic and pedestrian movements by the activity 
of loading and unloading of goods, and the 
provi s ion of services from a curbside "load
ing zone." Obviously the movement of goods 
is vital to the business community, but the 
effect of this activity on the overall trans 
portation s y s tem may be minimized by proper 
management . Some of the improvement alter -



natives are: 

• Providing more off-street loading 
facilities 

• Scheduling deliveries for off-peak 
periods 

• Enforce loading zone use regulations 

• Consolidate receiving in major buildings 

• Selective routing and loading zone pro
visions 

2 .5 SUMMARY 

At this point, it is evident that there are 
many alternatives for the improvement of 
urban transportation. The success of these 
alternatives is dependent upon the specific 
needs and the community goals established 
by the urban area in question. Above all, 
the successful implementation of these al
ternatives will depend to a great degree 
on the management of transportation within 
the urban area. 
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CHAPTER 3 

THE URBAN TRAflSPORTATION PROBLEM 

SESS ION OBJECTIVES: 

1. To i n t r o du ce t he concept t hat the prin 
c ipal indicato r of urban transpo r ta t ion 
p r oblems is c onge s t i on . 

2. To expand th i s c oncept to secondar y in 
dicato r s that re la te to ene r gy con s ump t i on, 
e n vi r onmental e ff e c ts , and t r ansportati o n 
cost s. 

3 . To explo r e some il l us t r ati v e facto rs 
r ela t i n g to urb a n trans po r tatio n p ro b lems 
f o r o r ie n ta ti on to the c o ur se material. 

3 .1 INTRODUCTION 

The principal indicator of the urban trans 
portation problem is congestion. Congestion 
occurs during peak periods, and results from 
the demand for specific forms of transporta 
tion exceeding the capacity of transporta 
tion facilitie s relative to time. Secondary 
indicators les s obvious to the users are : 

• Excessive Energy Consumption 

• Environmental Pollution 

• Hidden Transportation Costs 

I f conges tion and it s relat ed e ff ec t s con 
s titute th e urban trans portation problem, 
then it seems worthwhil e to explo r e and di s
cuss th e various facto rs th a t contribute to 
con ges ti on . Seven major fac to rs a r e in
c luded. I f th es e seven f ac tor s a r e ac tually 
signi f ic ant, they have alt e rn ative s olutions, 
but not necess arily a chi eveabl e or co s t 
e ffective s olutions. We may not have all 
th e answe r s , but recognition of th e problem 
i s a good s t a rt toward a solution. We will 
r evi ew these fa ctor s and di sc uss th e various 
causes and corrective me asures . Thi s should 
give us a good start on materi a l to be pre
s ented i n thi s cours e . 

3. 2 SUBJECTS FOR DISCUSSION 

5. 21 Coinc idence of Work Trips . Even though 
Jur nation i s the leader of the democratic 
Jrocess, founded on individual freedom, we 
1re perhaps the mo s t regimented na tion with 
~ espect to our work habit s. Our bus iness 
vor l d is organized on a fairly rigid s ched 
Ile, generally 8 to 5. The degr ee of regi 
nentation produces the time - oriented trans 
Jortation demand that in turn causes peak 
Jeriod problems . Such congestion problems 
tre not unique to the auto system, but 
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affect all modes: rail, bus, elevators, side
walks, etc . Problems caused by the coinci 
dence of work trips overshadow the suffi
ciency of our systems for the remaining 21 
or 22 hours of the day. There are several 
alternatives to the amelioration of the 
situation, but which are most applicable? 

• Will the cons t r u c tion of addition al 
t r anspo r tati on f acilitie s sol ve t he p r obl e m? 

In theory, building to s atisfy demand is a 
solution that can be achieved , provided the 
resources are available. This has been the 
philosophy of transportation management for 
a number of years, because transportation 
facilities, in general, were inadequate! A 
good highway system was neces s ary to provide 
mobility, particularly in low density areas. 
Rail systems have been developed to provide 
mobility in densely developed areas. To 
expand these systems further at this time 
would serve the purpo s e of accommodating 
demand rather than providing bas ic mobility . 
Because our resources are limited olic 
at t 1s t1me s ou e to use t e ex1st1ng 

eff1c1ently rather than sat1sfy 
personal demand . 

• I s th e changing o f wo r k sc h edules a viable 
s ol u tion ? 

The changing of work hours, either stagger
ing hours or shortening the work week is an 
obvious solution from the operations view 
point . Complementary questions are, "What 
will be the effect on industry?", and "What 
are the possibilities of implementation?" 
At this point, all que s tions appear to have 
positive answers. Much is being done on an 
experimental basis and the next few years 
will be productive years in this area . 

• How much s p read is n eeded t o relieve 
co n gestion ? 

This depends on operational measures. For 
example, how much does peak period demand 
exceed capacity? The extent of participa 
tion in altered work schedules depends on 
the particular urban area and will change 
as the urban area grows. 

Se aration of Em lo ment and Residence. 
is one of the "values" of our society 

that is deeply ingrained. It will change 
only as personal preference s change; and 
personal preferences are regulated primarily 
by our affluence or ability to pay , and our 
cons ideration of personal alternatives and 
consequences. 



• Why do people prefer not t o live and work 
in the same neighborhood? 

The principal reason is environmental consid
erations. Work activities are not compatible 
with the.quiet, private living environment 
preferred by most. 

• What changes must be brought about to 
reduce work trips? 

To reduce work trips, the worker must be 
brought into closer proximity with his job, 
or reduce the number of work periods per 
week. In either case, these changes will 
require changes in social attitudes and life 
styles. There is some indication of these 
changes taking place, e.g., the large number 
of apartment complexes, but such changes are 
definitely long term. 

3.23 Use and Occupancy of the Automobile . 

• Why is the automobile so popular? 

It provides the independence and mobility 
that is desired by practically everyone . 
The affluence of our society and the develop 
ment of technology makes it possible for 
practically everyone to own a personal auto. 

• Why do people tend toward one vehicle -
one occupant? 

Simply because it is the ultimate of inde 
pendence and they can afford it. Further, 
our transportation agencies in government 
have assumed it a societal responsibility to 
satisfy demand. Even some of the transpor
tation leaders have developed guilt complexes 
because of this seemingly liberal attitude, 
but we should exude pride rather than 
apology. We have built an excellent trans
portation system that can be used in many 
ways to satisfy the needs of society, but 
with full realization of the alternatives 
and conseguences. Societal demands should 
be sat1sf1ed 1f society is willing to bear 
the consequences. 

• What are the alternative s ? 

There are many--car pooling, public transit, 
bicycles, walking, and others to be develop 
ed in the future, no doubt. 

3.24 Availability of Commuter Corridors. 
Some claim that there are relatively few 
commuter corridors, and one alternative 
would be to develop new corridors . 

• What factors limit the availability and 
capacity of corridors? 

The urban street systems in most cities have 
been developed around the skeletal framework 
of the highway system leading into and 
through the city. Cities have tended to let 
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the state "spend the money" rather than 
finance arterials at the local level. Thus, 
commuter corridors are largely limited to 
the community highway system. 

• How can corridor availability be expanded? 

In many instances, additional commuter cor
ridors may be provided by upgrading and pro
viding continuity to existing secondary ar
terials. As funding programs are developed 
and manpower capabilities of the urban areas 
are expanded, new corridors may be created 
by improvements to existing streets. 

3 .25 Transportation Costs . Transportation 
costs are many, varied, and frequently in 
tangible, or difficult to positively define. 

• Is the individual aware of the actual 
cost of private transportation? 

No, most individuals are not even aware of 
the out of pocket costs, and certainly are 
not aware of the hidden costs. 

• What are the indivi dual costs? 

Individual costs can be categorized as: 

Capital Outlay (Rolling Stock) 
Operating Costs 
Taxes, Insurance, Interest 
Facility Costs 
Environmental Costs 

One thing not evident is the variation in 
transportation costs related to congested 
operation. 

• Can transportation pricing be used to 
manage vehicle use and occupancy? 

Present indicators suggest that it cannot. 
Recent increases in fuel costs have been 
absorb ed in the family budget process. 
Transportation costs can be applied more 
equitably. For example, those who choose 
to drive in congested conditions perhaps 
should bear the additional costs associated 
with the operating conditions. 

3.26 Availability of Public Transportation. 
Some claim that individuals do not use 
public transportation because it is not 
available. An ironic situation- - others say 
that it is not available because of a decline 
in ridership. 

• Is the availability of public transporta
tion a key factor? 

Yes. To those who would use it. In general, 
public transportation is not available be
cause of the seemingly unrealistic costs in 
providing public transportation in low 
density residential areas. We must devise 
methods of satisfying current residential 



area needs on the one end with high - density 
area needs on the other end of the trip, and 
accomplishing this with a reasonable degree 
of compatability. 

• What factors re late to availability? 

Primarily routing, he adways, scheduling, and 
trip speed. If these factors can be dealt 
with satisfactorily, public transportation 
will regain popularity. 

3 .2 7 Congestion Effects. Congestion is not 
unique to the current generation or to the 
current century . Congestion i s a result of 
society. Throughout recorded history, people 
have tended to congregate, and to breed, 
or multiply. These, along with th e desire 
for mobilit y, constitute congestion . Conges
tion may be a natural constraint of s ocial 
behavior! 

• Can we achieve a balanced transportation 
system without the constraints of congestion? 

So far, we have not been able to. Conges
tion has been a prime motivation in improv
ing transportation systems, but increased 
demands always seem to ne ga te the improve
ments. Perhaps the re a li s tic view is to 
manage conges tion at the "tolerable thres 
hold" . 

• Can synthetic constraints be substituted 
for the natural constraints of congestion? 

Many have been suggested--only a few have 
been tried. Transportation pricing has 
been suggested, but mo s t elected officials 
have not mus tered the inte s tinal fortitude 
to try it . Legislation and regulation 
practices are reasonably successful--to the 
extent that they are exercised. For example, 
freeway ramp control is a regulatory type 
of synthetic constraint. 
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CHAPTER 4 
FACTORS INFLUENCING URBAN TRANSPORTATION NEEDS 

SESSION OBJECTIVES: 

1. To identify some of the social, economic, 
demographic and political influences on urban 
transportation systems. 

2. To explore the relationships of land use 
patterns and the efficiency of urban trans
portation systems. 

3. To explore the extent to which transporta
tion is a constraining element on the location 
and size of concentrated activity centers. 

4.1 INTRODUCTION 

Urban areas are dependent up on transportation 
for their development and continued existanc e. 
The nature and efficiency of the tran sportation 
system determine the magnitude and distribution 
of economic and demographic activity. Con
versely, a wide variety of economic, social, 
and political factors interact to affect the 
type, nature, and configuration of urban tr ans
portation systems as well as the ge neral urban 
fo rm. The following are indicative of these 
factors: 

• Total population -- The larger the popula
tion of the ar ea , the greater the total number 
of trips that will be made; hence, the more 
extensive the transportation system required. 
Moreover, the large cities provide aggregations 
of people that are of s ufficient size to pre
sent significant market gro up s. For examp l e, 
if only 15 percent of the population of a n 
urban area is willing to accept high density 
land use patterns and use mas s transit, a city 
of two million population presents a signifi
cant and economica l market. The market pre
sented by a city of, for example 50,000 
population is so small that a fixed way system 
is n ot justifiable. 

In s mall towns, the scale of new development 
:ommonly is so small the city is co ncerned with 
the details of new lo cal res'idential s treets. 
In large growing metropolitan areas new 
ievelopment is on such a sca l e that the city 
;hould be primarily concerned with the align 
ment of major streets and general criteria for 
:he design of co ll ector and local streets. 

1 Population distribution -- At gross popula 
:ion densities of less than 2,500 persons per 
;quar e mile, the automobile is a very eco nom 
_c al and ener gy eff ici ent mod e of transporta
:i on. However, with densities greater than 
:0,000 to 25,000 persons per square mile, fixed 
ra y transit systems become economically and 
'inanci a lly feasible if a signi fica nt amount of 
:uch development is organized in a defined 
:orridor. 
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• Geography -- Major geographic features such 
as rivers and mountains, resulting in bridges, 
tunnels and mount ain passes, frequently consti
tute major restrictions in the transportation 
system. In many cases, additional capacity 
through the bottleneck location cannot be 
achieved realistically throug h physical r e
construction ; on the other hand, fixe d way 
systems or prefe r ential treatment to high 
occupancy flexi ble way systems may make maximum 
utili zation of existing transportation facili
ties. 

• Income l eve ls -- Experience in the Unit ed 
States, as well as other countries, indicates 
that incr eased auto owner ship and use are 
correlative with increased income. Transit 
ridership is observed to decrease as income 
levels increase. 

• Governmental policy -- A governme ntal policy 
that encourages individual home ownership 
carries with it an implication of low density 
tr avel patt erns and a reliance on the private 
automobile. A policy of fostering high capac
ity fixed way systems , s uch as rail rapid tran
sit, should have a concurr ent policy discourag
ing ownership of detached dwellings and en
couraging extremel y high density residential 
patterns. 

Conflicting policies, s uch as encouraging 
ownership of individual detached housing un its, 
while encouraging fixed way transit systems 
through low fare structures, will necessitate 
large s ub sidies and wi ll encourage economically 
ineffic i ent development patterns. 

4. 2 URBAN TRAVEL AND DEVELOPMENT PATTE RNS 

Population growt h a nd continu ed urbanization 
have result ed in increased demand for numero us 
public services and urban fac ilities . In many 
urb an areas, the level-of- service provi ded by 
some segments of the st r eet system is no longer 
acceptable to the urban resident. The dissat
isfaction over the congestion on the urban 
streets today apparently reflects increased 
expectation on the part of the publi c. 

In actuality, the l eve l -of-service (as meas ured 
by the distance one can travel in a given 
period of time) has improved. The San Diego 
(1) a nd Los Angeles (2) Driving Time St ud ies 
provide the most comp let e documentation of 
changes in automobil e travel times. Thes e 
studies document that peak period travel times 
are equal or s lightl y le ss than in the 1940's. 
Off-peak travel time has decreased s ubstanti a l
l y, even though the population has increased by 
several million . 



If the total number of trip s made in any urba n 
area ove r a da y ' s time were un iformly di s tr ib
ut ed ove r the 24 -h our per i ods , the stree t 
system would not exp e rience se vere co ngestion. 
The congestio n results from th e attempted use 
of th e avail a ble space a t specif i c times , 
especia ll y th e a.m. a nd p.m. peak hour s when 
th e hourly deman d general l y account s for 8 to 
1 2 percent of t he 24-ho ur traffic. Mass tran
s it sys tems, unfortunate ly, expe rienc e even more 
severe peaking acha r ac t er i s ti cs; peak hour 
demand in th e d irection of major flow is 
commonl y 35 to SO, or more, percent of the 
24-hour dir ectional passenger traffi c. Thu s, 
th e qu es tion, "Should peak period dema nd be 
accommodated? " is not e as il y avoided by pr o
posa l s to r ep l ace th e a uto with some other type 
of pa ss enger tra n sport . 

Incr eased capacity for the movemen t of persons 
and goods can resu l t onl y fro m th e more 
e ff icient use of tim e and/or prov i sion of mor e 
mov emen t space . Expansi on of movement s pa ce 
can be accomplis hed by e ith e r the cons truction 
of add it io nal fac i lities or by emplo y ing r ol l 
Ing s tock that can move a larger vo lume over a 
giv en fixed way . In the lon g te rm, a balance 
betw ee n th e ·transport sys tem a nd l and us e 
patterns mu st be provided if an eff i c i e nt urban 
form i s to be achieved. 

4 .21 Land Use an d Transportation Relation
_s hip s. In ma ny cases , t he l and u se p l an an d 
tra nsportation plan s for a city are deve l oped 
separate l y . Here in li es a great fa llacy of 
JUd gment, for t hese two e l ements ar e a nd m~st 
be, one in the s am e plan. A decis i o~ with 
respect to one imposes a lim itation o n the 
rational de cis ions that ma y be mad e wi th r e
s pect to th e ot he r. In effect, dec i sio ns in 
re gard to tran s port a tion and la nd use mu st be 
mad e cond iti ona l on one another -- rath e r than 
bein g mad e ind e pe ndent l y . Th e degree o f re
l ationsh i p be twee n th ese conditiona l dec i sions 
det e rmines th e "balance " in t he total urban 
development. 

The term "b a l ance d transportatio n" wou l d be 
be s t used to denote a ba l ance between land use 
t)"p e/in ten~it y an d transportatio n - - whatev e r 
the mod e or mod es . The app l icatio n of two or 
mo r e modes in any si ng l e urb a n area wo ul d more 
properly be de fi ne d as a "multi-moda l trans
portation" system. A recognition of the inter 
rel ations hip s bet 1v een land use a nd compat ibl e 
forms of tr a nspo rtati on is the key to ef fectiv e 
urb a n deve l opme nt planning and th e provi s i on of 
t ran s porta ti on facilities . 

4 . 22 Activity Patterns a nd Trave l Dema nd. 
The di s tribution a nd d ens it y of urb a n 
activities dictate th e r esultin g urb a n trave l 
patt erns . Thi s , in turn, establishes the 
eco n omic fea sib ilit y of the var ious modes of 
tran sporta t ion for s pecif ic point- to -po int 
movements . 
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In an economic sense , the d if ferent mo des of 
urban tr an sport are s u bs titut es - not alt e r
nat ives - for on e a nother. For the urban 
r es ident, the concept of a lt e rnatives i nvolves 
a mix of goo ds and se rvi ces , including trans
porta t ion, hous ing, nei ghborhood a meniti es , 
sc hoo l s , etc . 

Alt ernative urb an fo rms involve c hoice s be
tw ee n dif fe rent comp arable arrangements of 
r esi dential, commerc ial and indu s trial 
develo pm ent tog e th e r with the appropr ia te 
interco nn ec ting transportation. Suc h alt er
na tives involve ba sic c hoices r e l ati ve to 
r eside ntial t ype , num ber a nd size of commeri ca l 
r etai l cen ters, emplo yment di s tribution, e tc. 

Urban ar eas which have deve lop ed at low 
d ens iti es, typical of s ingle fam ily detac hed 
dwell ing s, a l so have di spe r se d tr av e l patte rn s. 
Althoug h a n urban a rt e ri a l s tre e t or fre eway 
may hav e ext r eme l y l arge traffic vo lum es, on ly 
a few of th e vehi c l es may be tr ave ling between 
the same poi nt s. For examp l e , the Gulf Freeway 
in Ho uston carri es ove r 200 ,000 perso ns pe r 
da y; only abo ut 10 percent of th ese t rip s are 
go ing to or fro m the downtown area. Although 
these trip s hav e a relatively co mm on destina
tion, they originate at a wide variety of 
l oca tion s wit hin an a r ea of some 4 0 s quar e 
mi l es . The vas t ma jorit y of th e person trips 
a r e ext r eme l y di ff u sed by location a nd time. 

The pr efere nce f o r low densi ty housing i s 
c l ea rl y indicated by a s tud y conducted for the 
Co nn ec ti c ut Int e rr eg ional Program (3) in which 
th e large majority of th e res pond enfs indicated 
th at_ th ey prefer their prese nt housi ng or 
hou s 1ng of a l ower d ensit y . A mere 4 percen t 
of t hose residing in single fa mil y s tructur es 
sit ua t ed on s mall lots l ess than 60 feet wide 
indica t e d a prefere nce for hi gher density 
housi ng. Of t he residents i n garden apartments, 
onl y 1 6 percen t indicated that they prefe r th is 
t ype of hou sing; the r emai nde r indi cated pre
fe r ence for l ower dens iti es. Thi s sugg ests 
th at th e rece nt boom in apartment housing is 
for reasons other than it s pre f ere nce as a 
housi ng type. This sh i ft is mo st li ke l y du e to 
a combination of rapid l y-esca lat ing prices for 
s in g le family struct ur es a nd hi gh i nt e r est 
r ates , combine d with the fai lur e of disp osa ble 
Income to kee p up with in f l a tion. 

A recent int ernati ona l s u rvey by Gallup Int e r
natio nal Resea rch fo und si milar prefe renc es 
between Ame rican s a nd r esident s of ot he r in
dustrialized nation s . Nea rl y one-ha lf in
di ca t ed a prefere nce fo r li vi n g in a small 
c it y , to wn, or vill age ; l ess than 20 perc ent 
indi c ated a prefere nce for la r ge cities (ov e r 
500 , 000 population) . Of United States r e
sponde nts livi ng in c iti es ove r 500 , 000 
po pulation, on l y 27% ind icated a preference 
f or livin g in a c i ty of this si:e . Thes e 
pr efe ren ces res ul t in low density urban 
deve lopm e nt that ca nnot be s e rved eco nomic a ll y 
by a f i xed ~a )" r a pid tra ns it s yst em. Co nver s e
l y l a rg e hi gh d e nsity urb an dev e l opment can not 
be effici entl y served by automobil es . 



.-\ hala nrnl tramport:u ion .~ \stem ca n o nl y be achined through a recognit ion of 
the mutu al dcpt·rulcrKc of urban land usc and mode of transportntion. S i t~gle 
Lnni h huu~c~ t;nuwt he Sl'l'\'cd t•tonomicl lh b~ Rai l-Rap id -Transit nor e m hrgh 
ri st• ;: p art r ncrrt ~ be ser,ed adequntel~ b~· an automobile-based transporta tion 
~\s t em . .-\ ci t' tan c h oo~c-c i thc:r the t\pe of dn c lopmcnt or the tvpe of transpor
tation s~o; t cm . cks ircd but th at deci-sion canics. ,,· ith it correspondi ng Jimit a tiom 
CO IHTI'Ilillg lh (' Ot h er. 

FIGURE 4.1 Balanced Transportation - Land 
Use 

The interrelationship between vario us types of 
residential developments and compatible modes 
of transportation i s portrayed schematically 
in Figure 4.1. The upper portion of the 
figure depicts the overall measure of the type 
of urban development, exp r essed 1n terms of 
gross population density. The center segment 
depicts the housing types that characterize 
res id ential development from low to hi gh 
dens i ty, while the l ower segment reflects the 
mode of transportation, or mixture of modes, 
that would be appropriate to serve an urban 
area of that type of development. 

When the residential housing stock consists of 
single family dwelling units, the resulting 
relatively low average density is a city that 
can be best served by the automobile operating 
on a well-designed system of freeways and 
arterial streets. However, substantia l develop
ment of garden apartments and hi gh:rise apart
ments results in population dens1t1es wh1ch 
generate traffic patterns that cannot be served 
by the automobile a lone. Under such cond 1t1ons 
some of the mass transit will be required. 

This might be demonstrated by evaluating two 
drastically different modes of transportation 
and eval uating the urban forms that each would 
r equire. Automob il es on the one hand and 
rapid rail transit on the other constitute 
both end s of today ' s urban transportation tech
nolog y spectrum . Cities could be designed to 
be served adequately by eit her mode of trans
portation, but they would require totally 
different urban forms and would result in 
significantly different lifestyle s . 
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Auwmobiles on the one hand and Rail-Rap id-Transit on the other constitute 
both ends of rod;-~,·'s urban transportat ion spectrum. Cities could be designed to 
be scned adequat~ l y by either mode of transporta tion, b~t tl~ ey_ would require 
rota ll v different urban forms. The Auto-City, would be qmte srnul ar to the type 
of urban de,·clopment currentlY exis ting in the Southwest. T here _are _no ~x i s ti~1 g 
cities thar are simi lar to the RRT-City concept. People \\·ou ld hn Ill Ju gh·n se 
aparlment buildings and wa lk to rhe 6'TOCet;.• stores , _rran.s_it sta tions, schools, and 
n::cn·ation;-~1 f ac iliti es. RRT trains wou ld connect thetr ne1ghborhood to a ll other 
nodes in the ci ty. 

FIGURE 4. 2 Comparison of Transportatio n 
Oriented Urban Forms 

The resulting hypothetical urban forms for two 
suc h cities would be simi lar to those depleted 
in Figure 4 .2. The auto-c ity would be quite 
similar to the type of urban development of 
cities that have largely developed since the 
automobile became widely used. There are no 
existing cities that are s imilar to the RRT
city concept. 

The basic neighborhood unit in the auto-city is 
an area covering about one square mile, bounded 
by arterial streets, and containing about 1,000 
single family dwellings on individual l ots. 
The principal transportation facilities ideally 
consist of primary arterial streets at one-m1 l e 
spacings comb in ed with a radial-circumferential 
system of freeways. Such a street pattern 
stimulates a strong focal po1nt 1n the center 
(dowr'l{own); but other areas of concentrated 
activi'ties wo uld develop at h1ghly ace ess1 ble 
locations . The auto-city might look very much 
like Houston or Los Angeles. 

In the hypothetical RRT-City, people might live 
in residential nodes contai n ing about 25, 000 
persons centered around a transit stat ion .. . 
Each node would need to include abo ut 100 nigh
rise apartment buildings (10 stories tall, 
housing 80 families each) together with 
elementary sc hool s, a junior high schoo l, two 
to four supermar kets, other s hopping facilities, 
and some offices. Buildings would be c lustered 
around the transit statio n so that very f ew 
walking tr ip s would be more than one- halTmile 
and generally 1/4 mile or l ess. Recreational 
activities and open spaces (park s, b1cy c le and 
foot paths, golf courses, ball parks, .tennis 
courts, etc.) would s urround eac h res1dent1al 
node. 



The RRT corridors might form a cro ss , Kith t he 
principal f oc al point (downtown) being at their 
inters ection . Each of th e four corridor leg s 
ext e nding outward from th e c e n t e r wo ul d ne ed 
to includ e s ome ten r es idential nod es wi th th e 
stat i on s s pac ed about on e mil e or more apart. 
Each corridor wo uld contain hou s ing for 250,000 
persons - enoug h to s upport high s chools, a 
junior coll e ge , ho s pital s , a l arg e regio nal 
s hoppin g ce nt e r. and c on s ider a bl e indust ri al 
act i vit y . 

If two s uc h c ities we r e properl y des i gned, bot h 
would hav e pleasant e nvironm e nt s ; hoK e ver, th e 
urban form s and living condition s Kould be 
drasticall y d i ffer e nt. In the auto- c ity, 
people would live in s ingl e famil y hou s es with 
indi v idual yard s . Res id e nts o f th e RRT-cit y 
wo uld liv e i n high-ri se apartm e nt bui l ding s ; 
however, th ey probabl y c ou l d hav e s uch 
ameniti es as a sw immin g pool, land sca ped 
common s , a nd other di s tincti v e f ea tur es . 

One of th e s i gnificant differenc es in the two 
cit ie s i s th e t ype of mobilit y provi de d by th e 
tra nsport a t i on sys t ems . In the a ut o - c ity eac h 
f amil y ut i l i zes an aut omob il e to ma ke an y trip 
it de s ir es , ur ba n or int e rcit y , at an y tim e . 
There would be no provi s ion for pri vate auto
mobiles in t he RRT-cit y . The el evator would 
becom e a ma jor tran s port mode as ve rtical 
trave l i s s ub s titut ed for hori zontal mov ement 
ass ociate d with l ow e r de ns it y deve l opm e nt. 
Mos t t r ip s would ha ve t o i nc l ud e walking; t hu s , 
the per so n who could not Kalk some di s tanc e 
would be di s ad vantag e d in the RRT -c it y , much 
a s th e non -driver i s di s adva nt ag ed in the auto
c ity . 

Compari s o n of s i gnifi ca nt c hara c t e r is ti cs of 
th e~e tw o cit i es s ugges t s that th e t otal initia l 
i n ve s tment in housin g a nd tran s portation Ko u ld 
be signifi ca nt l y hi gher in th e RRT-c it y . T:1e r e 
fore , th e total annual c o s t per ca pita would be 
mor e ne a rly the s am e . 

4. 3 TRA\ SPO RTATI O\ CO~< STRA I \T S ~1\' CITY SI ZE 

Th e de si r ed na ture, c har a ct e r, and lifes t y l e 
of the e ra a r e the p r i n c i p a 1 d e c:i s ion s 1,· it h r e -
gard to ur ba n deve l opment. Variou s c ities 
might dif fe r widely in th e ir patt e rn and in 
t e ns it,· o f deve l o pm e nt a nd s t il l provid e a hi gh 
de g ree of mob ility, a t r easo na bl e cos t, for th e 
urban r es i de nt . ll oh·ever , once th e des ired 
c hara c t e r f o r th e ur ban a r ea i s i de ntified, 
c ompati bl e land de ve l o pm e nt and tr a ns portation 
policie s mu s t he e volv ed and impl emented in a 
coordinat e d ma nn e r. Suc h compatibilit y and 
co ord in ati o n mu s t ext e nd throu gh th e e ntir e 
r:tn ge o f p la nn ing and imp l eme nt a ti on [r om bro a d 
pL.1 nn in g co nc·ep t s thr ough thC' i ss uance o f build 
i ng :tnd :· c·L·c~s pe t mit ~ . 

Di ffercn : urh:tn tran~p o rt:Jt ion s vs t em,; need and 
ca n a c commodate' cliff e rC'nt am ount s a nd inten 
si tie s o r d eve l o pm e nt in o rd e r t o ac h i eve 
eco nom ic :~! ope r:Jtion. Thi s , in turn . i n f lu e nces 

the minimum a nd maximum functional size 
(land area an d popul atio n) of an ur ban area. 
The numb er, size, and arra ngement of fo cal 
points further infl ue nc e the maximum city s i ze 
that can be served by va ri ous modes of trans
portation . 

With a we ll-de signee! system of arteria l streets, 
a city can grow to s izeable rroportions before 
a freewa y s ys t em i s needed for genera l urban 
mob ili t y . With th e auto as the primary mod e 
of tra v e l a nd maximum travel tim es of 40 to 
SO minut es , a total urban ar e a of 300,000 
population might be s erv ed with th e wel l 
design e d arter i al s tre e t syst em and comp atible 
ur ban developme nt . As a city reaches this 
s i ze , it a l so begin s to approach constra i nts on 
the population that can be serv ed by a sin gl e 
ur ban focal po i nt , s uc h as t he central bu s in e ss 
d i stri c t (CBD) which has histori call y bee n th e 
area with the gr eat es t l eve l of develo pment 
within mo s t urban ar eas. 

In mo s t cities , walking i s th e principal mode 
of tran s portation curr entl y u sed for circul ~
tion with th e CBD . Thi s l i mi t s CBD s i ze to 
that whic h c a n be se r ve d by a pe des tr i a n 
circ ul a tion sy st em about on e s quar e mil e . 

Th e maximum numb er of pe rson s ac c umulat ed with
in the CBD at any on e time, u s uall y at midday, 
is ob se r ve d to var y with the populat i on of th e 
urban ar ea. As th e total popul atio n incr e~~ c s , 
the day tim e popul a tio n of the CBD also in
crea ses . Consequ e nt l y , th e t ype of tran s 
portation sy stem need e d to handl e commut er 
traffi c to and from t he f oca l point va r ie s wit h 
population. Based upon data from s evera l 
existin g c ities, a r e l a tionship be tween cit y 
s i ze , CBD population d e ns it y , and urba n t r an s 
portation sys tem s is pres ent ed in Figur e 4. 3 . 

Theor e ti ca l and empirical stud y da ta (5) in 
dicate that c iti e s with population s up-to at 
lea st 300,000 per s on s a nd a corre s po ndin g CBD 
den s it y of 50,000 pe r s ons per s qu a r e mil e 
(pp s m) mi ght be se r ve d a de qu a t e l y by auto 
mobil es ope r a ting on a rterial s tr ee t s . If a n 
e xt e ns i ve f reeway sys t em i s pro v ided to 
suppl eme nt the art e ri a l s tre e t s , a total urban 
population of about one mil lion s urroundin g a 
si ngl e pri nci pal foc a l point (with a corr e 
s po nding d ensit y of a bout 130,000 pp s m) can be 
se r ved by the a ut omobile. For CBD popul a tion 
de ns iti es e xc e ed ing a bo u t 1 30,000 pp s m, add 
itional mod es a r e need ed to s uppl eme nt th e 
ped es tr i .tn-ba s ed int e rnal circul a tion s ys t em. 
Thus, l a r ge r ur ban ar e ~ s must dev e lop multipl e 
focal point s , or th ey must s uppl ement both th e 
automobil e -ba s ed commut e r s ys t em se rving th e 
princ ip a l focal po int. The day t i me popu l a tion 
de ns it y in CBD ' s in c iti es app ear s to i n cr ~ a se 

to a bout 1 00,000 pp sm be fore th e i nt e ns e 
de v e l o pm e nt be gin s t o s pr ea d out bey ond t he on C' 
square mil e ar"a. Th e n, both th e s i : e and the 
densit y o f th e CRD i ncrease . Th e d· vtime 
popuiatin·~ dC' ns i tv n l '-!·onh :1 tt :!n ! " l:.ncl has 
decr,•ase d in rec e nt d ec~t . : C' >' so t i1 .1t 110 \\ i t i s 
<1 hou1 :; tl n , nnn pp ,;m . Thi ,; mi ght hC' ,·ons i de r ed 
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The central business distriC( (CBD }, located at the focal poitH of a ri ty, is usually 
the larges t traHic generator \\'ithin an urban area. Different urban uanspor!a· 
tion sntcms can sene 'arious lc, ·e ls of de,·clopml'lll within such a foca l point, 
and the intensity of dt·,·dopmcnt \\·ithin the focal point is re lated to the total 
urban population surrounding il. Thus, the type of ua.nsponation system needed 
to sene commuter traffi c to :md from the focal point \'aries with population. 

FIGURE 4,3 Maximum Urb an Population Per 
Focal Point Served By Various 
Transportation Systems 
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AR£A OF FOCAL POif'IT 

(S~t.JAitl MILU) 

,\5 the le,e l of development of a focal point (CBD, etc.) increasn, che dependence 
of commuten upon mass transportation increases. Abo, additional modes of trans· 
portation are needed to 1upplement walking in che internal circulation system. 

FIGURE 4.4 Importanc e of Ma ss Transportation 
to Highly Developed Focal Points 
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the max imum for mod ern CBD type development. 
As the level of development with the CBD is 
expanded beyond 100,000 ppsm and one square 
mile, the dependence upon mass transporation 
increases. 

The pe rcentag e of daily CBD commut ers that 
would have to use ma ss transportation is in
dicated in Figure 4 .4 for various levels of 
CBD development. It is to be emphasized that 
the term "mass transportation" does not 
nec essa rily denote rail rapid transit. If 90 
perc ent of the commuters to the downtown area 
are willing to ride transit to work, a total 
CBD da y time population of more than 1,200,000 
persons might be s e rved by the same fixed way 
facilities as for a CBD population of on ly 
100,000 per sons served by automobiles a lone. 
However, the · type and density of r esidential 
development, a nd henc e li festyle, would have to 
be radically different in order to deliver any 
significant number of the pe rsons destined for 
the CBD by bus rapid transit. 

Growing cities might avoid major tran s portation 
probl ems in the futur e if such rel a tionship s 
among urban size, form, and transport a tion 
system s are considered in the ear ly stages of 
urban deve lopment pl a ns. 

4.4 INFLUENCE ON FUTURE DEVELOPMENT 

Total urban population is expected to nearly 
doubl e in the next 30 yea rs. Existing urb an 
area s wil l not be abandoned. Therefore, thi s 
growth must be acc ommodated in a manner that i s 
compatible with existing development patterns 
whil e , at the same t ime , accommodating new 
patt e rns. 

Futur e transportation developments might be 
plann ed and th e urban forms modified in accord
ance with one of th e concepts il lustrated in 
Figur e 4.5 . If a larg e proportion of f utur e 
resid ents ar e willing to live in multi-family 
struc tures, urban form s resembling the high
density corridor conc ep t can be developed in 
some cities. 

The t erminal concept might be implemented whil e 
retaining mod erate d ensities of residential 
deve lopment in combination with larger, high 
den si t y commercia l centers. Parki ng f aci liti es 
can be provid e d at remote and periferal 
locations and co nnected to th e major focal 
point s by tran s it. 

A multiple focal poiHt concept of urba n form 
can be c reat e d by limiting th e development of 
any one focal point to that which can be served 
by private tr ansportation. These focal points 
could then be co nnect ed by trans it mod es so 
that th ey could functio n much like a single 
concentrated area. 

Other urban form concepts, a s we ll as com
binations of these, could po ssi bly be develop ed 
as the urban population continues to increase. 
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Urban population in the Southwest mal double in the next 30 years. The auto
mobile will still be the backbone of the urban transporta tion system, bu t it will 
need to be supplemented by other modes of transportation in the larger cities. 
Careful planning and effective land development control is essent ial i£ the net 
result is to be an effective balance between the urban form and the transporta· 
tion svstem. 

FIGURE 4.5 Urban Form Concepts for Mixed 
Transportation Systems 
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However, careful planning and e ff ective l and 
mana gement will be required to implement 
chan ge successfully. 

Loca l gove rnmen t s , t hro ugh the use of polic e 
powe r s, have the abil ity to implement improved 
deve lopment practices which can prot ect the 
long-t erm utility of the tr an s port ation system 
(~, ~). Th ese tool s include the zoning 
ordinance, subdivi sion r egu l a tion s , curb cut 
permit s , building permit s , use permit s, 
occupancy permits, taxation, security and 
perfo rmance bonds, a nd various admini s trative 
pro ce dure s s uch as si t e deve lopment r eview. 
Effective use of these l and use management 
devices mu st be made in a coordinated mann e r 
and with a clear und ers tandin g of t he function
al hi erar chy of th e s tre e t sys t em or the inter 
r e l at ion s hip s between th e arter ial st r ee t s and 
the adjacent land uses . 
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DEMAND MANAGEMENT ALTERNATIVES 

Sessions 5 through 9 of this course deal with the various 
transportation demand - oriented alternatives that may be imple
mented through transportation management processes to improve 
urban transportation. Demand Management is a relatively 
new term used to describe the processes of reducing the demand 
for transportation within a given system. The processes may 
take three basic forms: reducing the number of person trips; 
reducing the number of vehicle trips; or reducing the number 
Jf trips relative to time, or more specifically, s preading the 
peak period demands over a longer time period. 

In some instances demand management may relate to transporta
tion engineering technology, but largely, it is an element 
Jf business and industry management that has a direct bearing 
Jn transportation operations, and thus, an effect on transpor 
tation technology . Demand Management has a tremendous poten 
tial for the amelioration of transportation problems, but 
~enerally does not fall within the confines of authority of 
t he transportation manager, except as it applies to employees 
vithin his own organization. Because the implementation of 
rrany demand management alternatives must be initiated by 
~overnment, business and industry leaders, the success of 
~ hese alternatives is largely dependent upon the management 
1nd leadership capabilities of -the transportation manager . 
[n other words, the transportation manager must convince others 
Jf the merits of demand management alternatives relative to 
1rban transportation. 

' he five sessions relating to transportation demand - oriented 
tlternatives include transportation pricing, peak period 
lispersion, ride sharing, improving public transportation , 
Lnd bicycling as an urban transportation mode . Another 
;ession, Freeway Op era tions Management relates to the manage
lent of demand on a sub-system of the overall urban transpor
:ati on system . It is also very strongly associated with 
:raffic operational control to maintain the capacity of a 
~ acility . Th~refore, it is included later as one of the 
;essions on capacity-related alternatives . 





CHAPTER 5 
TRANSPORTATION PRICING 

SESSI ON OBJECTIVES: 

1 . To introduce the concepts of consumer 
de mend. 

2. To investigate the effects of transit fare 
and service changes on ridership. 

3. To explore the nature of the effects on 
auto usage that might be anticipated fro m 
price c hanges and parking controls. 

4. To contrast different pricing concepts. 

5. 1 INTRODUCTIO N 

Transportation is generally recognized as a 
serv ic e and often is placed in th e same 
catego r y as police and fire prot ection, garbage 
co ll ect i on, and publi c util iti es. Short-t erm 
inter ruption s in the transportation industries 
occasionally highlight this aspect of tra ns
portation. 

Trans port ation also has an important f unct ion 
in the production of economi c wealt h i n c ombi 
nation wit h othe r factors s uch as (labor, 
mater ial s, a nd capital). Tran spo rt ation 
crea te s the utilit y of space and adds to th e 
utility of time throu gh increased productivity 
of bu s iness and industry. 

Effic i ent transportation enab l es society to 
t ake a dvantage of t he specia l ization of r eg ion 
a l resources and divi s ion of labor so that a 
wid e rang e of goo ds and services can be pro
duced at th e lowest total cost. Th e urban 
eco nomy and the welfare of the urb an citizenry 
are dependent upon the co nt inued availabi l ity 
of eff i cient transportation. Th e app li cation 
of pricing po l icies whi c h reflect th e cost 
structures of urban mod es, the r efore, are 
important in the man agement of the urban trans
portation system. 

5.2 CONSUMER DE MA ND 

Al t hough the exac t s hape of t he demand curve 
for a s pecific item is rarely known , it is 
known t hat demand is inverse ly propo rt ional to 
pri ce (i .e., as price increases, demand de 
creases ). Price e l asticity may be def ined as 
the p e r cent c hange in qua nt ity divided by th e 
percent change in price. If total reve nue is 
increased when price is decreased, the demand 
i s " e la stic " by definition; if not , the demand 
is defined as pri c e "in e last ic . " The dire c t 
Jrice e lasticity is a meas ur e of the sensit i v
ity of demand to price c ha n ge. The cross 
~ l asticity meas ur es the sensit ivit y of demand 
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to a change i n price of a s ub stitute (e.g., 
the change in transit ridership as a result of 
a pri ce c hange for a u to u se ) . 

Transit fare elasticity, therefore, can be 
measured as c hange in tranist riders h ip divid ed 
by t he percentage change in fare. Tranist 
service elasticity i s simil arly measured. 

Incom e elas ti c ity is a mea s ur e of the pro
pen sity for demand to increase or decrease 
wit h c hanges i n income. Items such as auto
mobil e and air travel that ex h ibit positive in
come elasticity are "preferred " goo ds. Those 
that exhibit a negative income elas ticity ( s uch 
as public transit), are defined as an "inferior" 
good. 

5.3 TRANSIT FARE AN D SERV I CE CHANGES 

Changes in con s umer be havior which occur over 
time comp li cate the problem of estimatin g 
e l asticitcs using empirical data. Fu r ther 
wh en fare and service adj ustme nt s are mad e' 
simul taneously, as is ofte n the case, it is 
usual l y impossibl e to isolate the e ff~ct s of 
each. More attention in exp erimental de s ign, 
when suc h c ha nges are contemp l ated, would great
l y contribute to the ability to analyze t he 
impacts of f u t ure fare and service c han ges . 

5.3 1 Fare and Service Elasticity. The evide nce 
from various cities where tra nsit fares hav e 
been changed ind icates that transit demand i s 
fare in e la s tic . John F. Curtin pre sen ted the 
first documented a na l ys i s based on patronage 
c hanges fro m a numb er of transit properties 
where fares were increased. Th is empirical 
study indicated that the average decrease in 
r evenu e was 33 percent of the c hang e i n fare. 

In v i ew of t he fact that tran s i t u sage is 
n egative income elastic, the apparent coeffi
cient of fa re elasticity might be expected to 
be smaller in response to fare decreases in a n 
eco nomy of increasing per capita income. This 
i s supported by a recent investigation which 
indi cated t hat, with the exceptio n of one-car 
households, the pr eference elasticity of fare 
increa ses is tw i ce t hat of a fare reduction . 

More recent analyses of fare changes indi cate 
that the systemwide average tra nsit fare 
e lasticity ranges between about -0.2 and -0.4 
for tot al transit syste m rider s. Based on 
recent fare re du ctions in Atlanta a nd Sa n Diego 
average fa r e e la st i city is estimated at -0.18 
and -0.42, respectively (See Ta bl e 5.1). 

Research a l so indi cates that the fare e l asticity 



varies with trip purpos e, i ncome l eve l, current 
level of transit se r vice, a nd other circ um 
st ances. 

TABLE 5.1 Fare Elasticities Estimated 
From Recent Fare Changes 

oeffic i ent s of Fare 
El as ti city 

City lA r c ( 1 ) Shrink a g c Ratio ( 2) 

F<Ire Decreases 

Atlanta -0.18 - 0.31 

Ci nci nnat i -0.42 -0 . 7 3 

St. Lou is -0.24 -0.34 

Sa n Di ego - 0.4 2 

Fare De c r eases 

Rochester - 0.6 

Buffa l o - 0. 25 

Syrac u se -0.6 

Albany - 0. 5 

(1) percentage of c hange in far e based on 
average of fare s before and after fare 
red uction 

(2) Percentage c hange in fa r e based on far e 
be fore re duction 

TABLE 5.2 El as ticiti es of Tran s it Demand 

Fa r e/Cost : 

Lin e -haul fare 

Cost of acc ess ing 
transit 

Se rvic e : 

Line- haul travel 
time 

Access trav e l 
time 

Trip Purpo se 

Work Shop 

-0 .09 
-0.32 

-0.10 

-0 .39 
- 0.59 

- 0.71 
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Analysis by the Char le s River Assoc iat es de
comp osed the elasti c ity by component of t he 
trip as we ll as by purpose. As indicated in 
Ta b le 5.2, this st udy fo und that a 10 percent 
decrease in transit fare wo u ld be expec t ed to 
yie l d l ess than a one percent i ncrease in w?rk 
trip s by transit (-0.9 lin e-ha ul fare elastic
ity). These e l asticity coefficients also 
indicate that, while s till in e l astic, s hopping 
trip s are more sens i tive than work t ip s to fare 
c hanges. The l arger value of t he serv i ce 
e l asticity for t he portion of the trip to/from 
the transit s top would st imul ate rid e r s h ip to 
a greater extent than the same improvement in 
line-haul travel . 

5.32 Tran si t Far e Changes 

Th e fact t hat tran si t rider s hip is fare in
e l astic s uggest s that an acro ss- th e- board fare 
reduction wi ll not serve as a suffic ient in
ce ntive, by i t self, to ca u se signif icant i n 
creases in tran s it ridership or decrease auto 
u sage. However, se l ec tive fare changes might 
improve the d istribution of riders between the 
peak and off- peak hour s . 

Shopping trips a r e estimat ed to have a fare 
e la s ti c it y of over 3 times that of work trips. 
Therefore, red uced off-peak fares wi ll have to 
shift from peak to off-peak periods . Such re
duction in the peak period d ema nd wi ll permit 
more eff icient u se of ro lling stoc k throu ghout 
the day and i ncreased rider comfort in the peak. 
Where use is for non-work ( s uch as in Toronto, 
where 30 percent of the trip s in a.m. peak and 
60 percent in the p.m. pea k were est imated to 
be for non -wo rk purposes), a sizeabl e number of 
rider s mi ght be enco uraged to s hift t heir time 
of travel. 

El derly pe r s on s also have bee n fo und to have 'a 
r e l ative l y high fare elasticity (-0.5). Th ere
fore, off-peak r ed uced fares may be effective 
in s hi fting existing e l derly riders to the off
peak as well as increasing the tota l numb e r of 
e ld erly riders. Some 15 cities are experime nt
i n g wit h, and ot hers are considering, no fare 
transit serv ic e during certain times of the 
da y , within defi ned areas s uc h as t he CBD, or 
for spec ial u ser groups s uch as the elderly or 
st ud e nt s. Se l ected examples are su mmarized in 
Tabl e 5.3. 

Th e magnitud e of the fare elasticit i es mak e it 
evident t hat th e added reve nu e fro m th e in 
crease in r id erhsip wil l not be s uffi cien t to 
off-set t he redu ction in tot al revenue result
i ng fro m t he l ower fares. I n genera l, l arge 
fare reductions may be expected to require 
correspondi ng l y l arger amo unt s of public s ub 
sidy. However, in specif i c si tuation s , the 
reduced fare, or no fare, program may increase 
system productivity and t hu s i mprove th e 
revenue/cos t ratio. The se inc lude: 



1) No fare in the CBD or other highly congested 
area s where elimination of the delays re
sulting from collection of fares increases 
over-all speed and productivity so that few
er buses are needed -- These services off
set the lo ss in revenue due to the no-fare 
program. 

2) Reduced off-peak fare, or incr eased peak 
fares, where a significant number of non
work trips are made during the peak hour -
Reduction in the peak period demand and in
crease in the off-peak permits a more 
efficient utilization of l abor and e quipm ent . 
On routes wit h very s hort headways, the 
s hift of some rid ers to the off-peak may 
permit a r ed uction in the numb er of buses 
necessary for the peak period pull-out. 

5.4 PRICING AUTO USE 

Various disincentives, s uch as co ntrol s on th e 
l ocation and availability of parking sp a ce, 
limi ts on parking duration, parking charges, 
and gasoline tax increa ses have been proposed 
at vario u s times in order to influence auto 
use patterns. 

5.4 1 Price Impact on Work Trips by Auto. The 
fact that automobile travel d emand ha s a low 
price elastic it y for work trips suggests that 
pricing mechanisms alone wil l have onl y lim ited 
s uccess in affecting pea k hour au to use. The 
price e l asticity for out-of -pocket costs i s 
es timated to be -0.07 for work trips. Thi s 
indicat es that a 50 percent increase in gasoline 

TABLE 5 . 3 Summary of !·o- Fare and Reduced 
Fare Impa cts on Transit Ridership 
and Diver sio n 

Seatt l e 

Dayton 

Rockford 

Atlanta 

San Di eg o 

Los :\nge les 

Type of Program 

CBD no fare zone. 105 
square blocks, s ub si
dized by city : Septem
ber 1973. 

CBD no fare zo ne. 
block area; 1973. 

66 

Se nior c iti ze ns no fare 
pro gram during off-peak 
hour s . Sub si dized 50 
perce nt by State DOT 
and 50 percent by lo cal 
revenu e s har in g funds; 
1974 . 

System~id e r educed fare 
from 40 r to 1 5¢ . Fund ed 
by l percent sa l es tax. 
April 1973. 

Sys tem~id e reduced fa r e 
from 35<; to 25¢ . Funded 
from State gasoline tax; 
1973. 

Systemwide reduced fare 
from zone sys tem fares 
as high as $1 .4 5 to a 
flat 2 5¢ rate. 
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Result s 

Ridership in creased on some 
line s in the ar ea by 56 per
cent . 

14 percent increase in total 
transit r id ership. 28 per
cen t of this increase divert
e el from autos . Shift to 
l o ng-te rm parkin g in periph
era l areas . 

100 percent increase in 
se nior cit i ze n transit rid er
s hip. 

30 percent increase in total 
tran s i t ridership, 50 percent 
of thi s increase diverted from 
autos. 

22 perce nt in tota l tran s it 
rid e r sh ip. 

22 percent in crease in weekday 
tra ns it ridership. 



price can be expected to decrease the automobile 
demand for work trips by l ess than one perc ent . 
Furthermore, the cross elasticity with the cost 
of transit is zero, or very close to ze ro. This 
further indicates that increasing the cost of 
auto operat ion wil l have limited impact, if 
a ny , in encouraging people out of their auto
mobile and onto transit. For example, the 
experiment with no- fare transit and the banning 
of autos . from the downtown sections in Rome, 
Italy, resulted in a modest 11 percen t increase 
in transit riders - automobil e u sage was not 
mea s urably affec t ed. 

Further, th e price elasticity of ga so line 
(e s timated at -0.10 to -0.15 in the s hort term 
and -0.30 in the lon g term) suggests that very 
s ub s tantial increases in price would be 
n ecessary to have a measurable impact on auto 
usage . A 100 percent price increas e wo uld 
s timulate a me re 10 to 15 pe rcent d ec rease in 
short-term gaso lin e consumption and only 30 
percent in the long term over which auto owner
ship and individual spending patterns might be 
adju sted. 

The long-term gasoline price e l asticity is 
probably overestimated as evide nced by European 
experience . If the gaso line price elast icity 
were -0.30, We s t German per capita gaso line 
consumption s hould be abo ut 67 percent of t~at 
in the U.S., considering Jifference in real 
income, whereas actual per capita consumption 
is 84 percent of the Unit e d States co n s umpt ion . 

Other analyses indicate that au to u se patterns 
are much more sensitiv e to fuel availability 
than to gasoline prices. It can be antic ipated 
that co n s um ers will attempt to off-set curtailed 
s upplies or increased gaso lin e prices by 
purchasing smaller, more fuel-efficient autos 
for urban travel. The dramatic increase in 
sma ll car demand during the 1973-74 oil embargo 
is ev idence of s uc h an adju s tment in private 
transport investment. The re s ulting fuel 
savings will off-set the pric e increase; con
sequent l y, reduction in private auto travel 
Hould be modest . A drama tic price increase in 
gaso lin e, hoh'ever, h'Ould be meaningful from the 
standpoint of conserving petroleum supplies . 

The proposed federal l y- legi s lated SO percent 
inc rease in a uto fuel eco nomy would be effective 
in r educ in g gaso l ine co n sumption by 40 percent. 
However, this increased fuel ec onomy is also 
expected to s timulat e a 10 percent increase in 
vehicle -mil es of auto trave l. A majority of 
thi s i nc rea se wou ld u ndo ubt ably be on the urban 
street and fre eway sys t ems in "off-peak" periods. 

5.4 2 Parking Costs . Inc r eased parking fee s 
is a mecha ni s m that i s se l ective in its 
application; fees can be set at much higher 
lev els in areas that experience congestion than 
in area s rel a tively free of congestion. Ther e 
is also the adva nta ge of an identifiable out-of
pocket cost, which an individual driver can 
associate with a part icular trip. Therefore, 
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the impact is upon the cos t of mak ing specif ic 
trips in specific areas, while not affecting 
other areas where auto co ngestion i s not a 
problem. · 

However, the u se of parking f ees as a pricing 
mechanism to change automobile use in hi gh 
density, congested areas has some s ignifican t 
cons traint s. These include: 

• Parking demand is inelastic with 
respect to price. Th e coeff ici ent of 
price elastic ity is estimated to be 
-0. 30 0 

• A sign ifi can t percent (15 to SO percent) 
of the traffic in congested area s , s uch 
as central business districts, i s 
through traffic. 

• Typically, l ess than 20 percent of 
urban trips (less than 5 percent in 
l arge urb a n area s) are to the CBD where 
parking is not free. 

Und er the se conditions a 10 0 percent incr ease 
in parking cost might yield a 1 5 to 25 percent 
restriction in traffic Hithin the CBD. 

Increased parking rate s have the effect of dis
couraging long-term park e rs and increasing the 
number of short term parkers. 

However, the financial viabi lit y of a parking 
garage when the rate structure i s alter ed to 
discourage long-term par king i s a key qu es tion. 
Experience in areas of hi gh parking demand 
indicates that long-term revenue s eit her de
cr e ase or remain s table, whi l e s hor t-t erm 
revenue s increas e s ignifi can tl y. Th erefore, a 
rate structure change to e ncourag e short-term 
parking might prove to be financially sound. 

5 .5 PRICI NG CONCEPTS 

Pricing charged for tran spor tation, relat ive and 
absol ut e, might he used to influence the demand 
for transportation in term s of the total mag
nitude, t he geograp hi cal distribution, the 
t emporal distribution, and the distribution be
tween the types of urban transportation. The 
philosophy under which th e pricing system is 
d e veloped and administer ed is of major signi
ficance if the price mechanism i s to be used 
in reducing peak period travel. The various 
pricing schemes may be described as arbitrary, 
rational, or incentive . 

5.51 Arbitrary Pricing. Price is largely un
related to the cost involved in providing the 
transportation. Blanket increas es in pric es 
and f r eight rate s based on th e value of th e 
commodity are not able examples of this approac h 
to pricing. Application of an arbitrary 
pricing scheme i s s imple in that knowledge of 
th~ total revenu e derived is th e on l y in form
ation needed. However, mi sa llocati ons in the 
use of re so urces will result from app lication 
of arbitrary pri cing. 



5.52 Rational Pricing. Price is established 
according to the actual fully-distributed costs 
of providing the transportation service. In 
establishing freight rates this approach is 
commonly referred to as "cost-based pricing." 
Application of a rational pricing system re
quires that the cost structure be known for 
the specific conditions involved. Costs will 
differ with a combination of variables, such 
as: peaking characteristics, vehicle occupancy, 
volume of traffic, ratio of fixed to variable 
costs, directional imbalance in demand in peak 
periods, and the time period used in the 
analyses. 

Typically, the cost per passenger-mile for 
fixed route systems, such as RRT, is sensitive 
to the volume of traffic. Increased volumes 
provide a larger base for distributing the 
high capital costs associated with such systems. 
As an example, the cost per passenger-mile at 
a volume of about 6,000 passengers in the peak 
hour is approximately one-half that at a peak 
hour volume of 2,000 passengers. The reduction 
in unit cost (cost per passenger - mile is re
latively modest with increases in volume above 
10,000 to 12,000 passengers in the peak hour. 
The unit cost of bus transportation, on the 
other hand, is rather insensitive to increases 
in volume. This results from the fact that 
buses can share the traveled way with other 
vehicles and that most of the costs involved 
are variable so that marginal cost and average 
cost are nearly the same. Additional traffic 
simply means the addition of buses, each of 
~hich has a cost per mile that is essentially 
the same as the total average cost. 

All forms of urban transport are sensitive to 
the distribution of traffic between th e peak 
and off-peak periods. However, the proportion 
of the traffic carried in the peak varies 
considerably (about 10 percent for arterial 
streets and freeways, 15 to 25 more for RRT). 
Therefore, the costs associated with un-utili:ed 
capacity in the off-peak contributes a greater 
incremental increase to the unit cost per 
pa ssenger-mile in the case of RRT than for auto. 

5.53 Incentive Pricin& . This pricing mechanisn 
might be employed to encourage given consumptior 
patterns and to discourage oth e rs; such 
application may be describ ed as incentive 
pricing. To be effectively employed, the 
following information must be available: 

• Definition of the total cost structure of 
the form s of transportation and the related 
facilities. 

• Knowledge of consumer d emand in response to 
price changes. 

• Specific, well-defined objectives to be 
achieved by the incentive price scheme. 

A variety of price changes might be used in 
combination to mold consumer demand in the 
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desired direction. For example, parking rates 
may be increased to discourage long-term park
ing in congested areas in combination with re
duced transit fares. Commonly, service charges 
(such as improved frequency of transit service, 
preferential frequency of transit service, 
preferential frequency of bus es , etc.) al so 
will be involved in an incentive pricing pro
gram. 

5.54 Congestion Pricing. In the mid- and 
late-1960 ' s, the topic of congestion pricing 
on urban streets received considerable atten
tion . The basic concept is simply to establish 
a fee structure for the use of specific street 
facilities. Such a pricing approach would work 
as a disincentive since the greater the traffic 
demand and resulting congestion, the higher the 
fee for the use of that section of street. 

Proposals for congestion pricing during peak 
periods are predicated upon the incremental 
costs associated with building capacity to 
meet peak period demand when the capacity is 
not needed at other times of the day. A 
similar rationale appies to pricing according 
to environmental impact, energy consumption, 
and other societal costs associated with 
traffic congestion. 

Such a pricing mechanism of course, presumes 
that willingness or ability to pay is an 
appropriate measure of the social priority 
that should be placed on an individual trip. 
~hile the theory of congestion pricing is 
relatively simple, the practical and 
administrative realities make general appli
cation a remote possibility. However, in 
specific limited situations, such as tunnels 
and bridges leading to congested areas, it 
may be a practical approach. 
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CHAPTER 6 

PEAK PERIOD DEMAND MANAGE~1ENT 

SESSION OBJECTIVES: 

1. To introduce to the Transportation 
Manager the concept of peak period 
demand management. 

2. To describe briefty the peak period 
demand dispersion atternatives, and to 
point out the advantages, disadvantages 
and potentiat of each of the atterna
tives. 

3. To suggest imptementation guidetines for 
peak period demand management. 

6.1 INTRODUCTION 

Most urban transportation systems operate 
satisfactorily during 20 to 22 hours of the 
day. It is the 2 to 4 remaining hours of 
the day in which the "wheels of progress" 
turn more slowly. The congestion, delay, 
and other operational deficiencies are the 
direct result of transportation demand ex
ceeding the supply during those hours. Un 
fortunately, an urban transportation system 
is judged on its sufficiency during those 
peak hours rather than the remainder of the 
day. Then conceptually, the urban trans
portation system may be improved if some 
of the peak period demand is dispersed to 
other hours of the day when the transporta
tion supply exceeds the demand. 

It is a well documented fact that peak 
period travel is largely made up of work 
trips. Congestion occurs because of the 
coincidence of these trips, or everyone 
attempting to sa tisfy a common work sch
edule. Thus, changing the work schedule 
is one approach to reducing congestion. 
Two general concepts for changing work 
schedules have been used with varying de
grees of success. These are: 

6.11 Shorter Work-Week. This concept is 
based on re-schedul1ng the normal work week 
to longer hours per day, but fewer days per 
week. For example, fo ur 10-hour days. Such 
a schedule could move the work trip to one 
hour before the a.m. peak and one hour after 
the p.m. peak, and reduce the number of 
work trips. 

6.12 Variable Work Hours. This concept is 
based ?n ~roce~ses of varying the starting 
and qu1tt1ng t1mes of employees relative to 
the peak periods to reduce the coincidence 
of work trips. Typical of this concept is 
" staggered work hours," where groups of 
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employees may have work schedules beginning 
at 7:00, 7:30, 8 : 00, and 8:30a.m., and 
quitting times of 4:00, 4:30, 5:00, and 
5:30p.m ., respectively. 

6.2 SHORTER WORK WEEK 

6.21 The concept. In recent years, there 
has been an upsurge of interest in the 4-day 
work week. Generally, employees work four 
10-hour days and have three days of leisure; 
however, work days are not nece ssarily 
consecutive. Also, some firms have adopted 
three 12-hour days as a specialized work 
schedule. In most instances the s horter 
work week relates to routine job s with 
little personal reward. The obj ect ive is 
to minimize the boredom of the job and maxi
mize the personal interests. The shorter 
work week is a worthy consideration, but 
there are advantages and disadvantages. 

Advantages. The shorter work week has de
monstrated improved mor a l e, principally 
because it affords the worker more free time. 
Employe es use this free time in various ways 
-- more leisure, travel and "moonlighting" 
to increase personal income. At any rate, 
the improved morale generally results in 
reduced absences, improved productivity, and 
greater profits for the employer. 

From the transportation standpoint, the 
shorter work week could, at l east concep
tually, reduce travel demand. Further, 
there is a very positive potential for peak 
period dispersion, provided only part of the 
total work force is on the shorter work week. 
The 10 - hour day i s normally scheduled to 
begin earlier and end after the normal 8-5 
schedule. 

Disadvantages. The di sadvantages of the 
shorter work week are related to business 
interests and transportation interests . 
First, there is the problem of more complex 
management. Scheduling employee groups 
requires a greater management staff, and 
thus, increases the cost of operation. From 
the transportation standpoint, there is a 
potential increase in overall travel. Em
ployees who seek additional employment con
tinue to travel. Those pursuing leisure 
time activities are frequently engaged in 
more frequent and longer trips as a result 
of increased leisure time . Also, there is 
the possibility of increased auto usage 
because of the relatively uncongested 
conditions before and after the peak period. 
However, this possibility exists for all of 



the variable work hours alternatives. 

6.22 Potential for Acceptance. There is, 
in fact, a substantial application of the 
4-day work week at this time. Organized 
labor i~ only lukewarm to the idea, but the 
laborers themselves seem to favor the con
cept. Labor leaders favor a 4- day week, 
but with a reduction in the number of hours. 
It is interesting to note that the new 
policy of shifting holidays to Monday will 
result in 10 4 - day weeks for most workers. 

William W. Nash, Jr., has predicted that 35 
to 40% of the work force will be on 4-day 
work week by 1990 . He bases his prediction 
on the current trend of acceptance, and on 
the evolution of the work week from the 6-
day week to the 5-day week. He points out 
that the transition from a 6- to 5-day week 
began about 1920 and by about 1940, the 5-
day week was common practice. Allowing 
the same 20 year transition period, the 4-
day work week could be common practice by 
1990 (3). It is interesting to note from 
proj ection of this 50 year cycle, we will 
be down to a zero day work week in the year 
2190! 

6.23 Possible Arrangements. The arrange
ment of the busine ss operation relative to 
the 4-day work week has a very significant 
effect on transportation demand. The table 
below indicates, according to Nash, the 
percent decrease in peak traffic demand 
dependent upon whether the work force is 
spread over a 4, 5, or 6 day operating 
schedule. These values are based 35% of the 
work force being on a 4-day work week. 

Percentage of Employees % Decrease 
Weekly on the Job on a Given Day Peak Traffic 

Schedule Demand 
M T w T F s 

4-Day 100 100 100 100 8 

5-Day 80 80 80 80 80 15 

6-Day 67 67 67 67 67 67 21 

6.24 Poten!ial Transportation Effects. 
These are categorized as follows: 

Shift and Dispersi on of Peak Period . The 
benefits depend on the percentage of the 
work force on the 4-day schedule, and 
whether the overall operating schedule is 4, 
5, or 6 days, The greatest benefit is de 
rived from the 6-day operating schedule . 

Increased Auto Usage. Shifting part of the 
peak will relieve congestion which, in turn, 

6-2 

may increase auto usage. The opportunity 
for car pooling, however, should not be re
duced to any great degree. Auto usage could 
be expected to increase due to greater 
opportunity for independent activity. This 
would contribute to an increase in overall 
travel, but not necessarily peak hour travel. 

Increased Leisure Travel. It is fairly 
conclusive that le1sure travel will increase, 
because this seems to be one of the stimuli 
to the trend. However, mo st of the travel 
s hould occur during the off-peak periods, 
and on the rural facilities. 

6.3 VARIABLE WORK HOURS 

6.31 Forms of Variable Work Hours. Varia
ble work hour s take two basic forms: " stag
gered hours" and "flexible hours." 

Staggered Hours . An arrangement where sub
groups of a total work force operate on a 
fixed schedule, but the starting times of 
the subgroups are staggered to constitute 
a variable starting time for the total work 
force. 

Flextime. An arrangement where individual 
employees establish their own schedule with
in specific guidelines or regulations. A 
typical arrangement may be described as 
follows: An employee may begin work any 
time between the hour s of 7 to 9 a.m. and 
correspondingly end the work day between 
4 and 6 p.m. Some agencies permit a varia 
ble lunch hour between the hours of 11 and 
2. Thus, 7 to 9, 11 to 2, and 4 to 6 are 
flexible hours and 9 to 11 and 2 to 4 are 
core time when all employees are required 
to be at their work stations. 

lications of Variable Hours. The 
se ect1on o " staggere hours" or "flexible 
hours" is dependent upon the character
istics of the organization, the nature of 
the work, and size of the work force. 

• Staggered hou rs. This method is gener
ally appl1cable to large organizations with 
several major sub groups that have a certain 
interdependence due to the nature of the 
work they perform. Typical exampl es are 
assembly line processes, industrial plants, 
and others. Staggered hours is particularly 
applicable to shift work where a plant 
operates 24 hours per day. 

Staggered work hou rs is ~ract~ced ex~en
sive ly in government off1ces 1n Wa sh1ngton, 
D.C., even though there is little public 
mention of the fact. 

• Flexible hours. This method is applica
ble to smaller work forces and even larger 
ones where workers are less dependent upon 
others for the accomplishment of the work 



task. "Fl extime" has been used extens ively 
in a dm i ni strative offices in the United Stat es 
and Eur opean co unt ries. Al s o, the system has 
been adopted in many light manufacturi ng 
industries in Switzerland and Germany . 

Flextime is particul arly adaptable to pro
fessi onal work forces. 

6.33 Examples of Variable Work Hours. The 
var ious forms of variable work hour s are now 
employed in various parts of t he world. The 
stagge r ed hours system has been adopted , as 
a matter of necessity, in large aircraft 
plant s s uch as General Dynamics in California 
and the auto industry in Detroit. These 
applicat ions are typically 24-hour operations. 
Application s to single shift normal work day 
ope rations are not quite as common . The 
effects of variable work hours on urban 
trans portati on systems were studi e d in two 
ma jor projects: the Lower Manhattan Stag 
gered Work Hour s Project, and the Ottawa 
Experiment. 

6 .33. 1 Lower Manhattan Staggered Hour s 
Proj ec t . On April 1 , 1970, about 50,000 
employees of some SO organ izations in Lower 
Manhattan vol un tarily changed their work 
hour s in a clo se l y mon itored program to 
dete r min e whether s uch work schedul e changes 
would he l p relieve peak - hour transportation 
congestion. The result s were positive, with 
reductions in peak travel demand, and 
favorable acceptance by mo s t of t he emp loyees. 

In 1969, prior to the major effort , the 
ent ire managerial and clerical work f orce of 
the Port of New York Authority , s ome 2,4 00 
persons, pa rticipated in a 4-month staggered 
hour s project as a pilot study. In this 
s tudy, th e work force was divided into thirds 
with one-third maintaining the norma l sched
ul e of 8 : 45 to 4 :45. One third was assigned 
to a schedule 30 minute s earlier (8:15 to 
4:15) and the other 30 minutes later (9 : 15 
to 5: 15) . 

Employee acceptance studies indicated some 
problems, but the genera l accept ance is 
signi fican t. A survey of employee attitudes 
revealed the following: 

Reaction 

Strongly Favorable 
Somewhat Favorable 
Somewhat Un favor ab l e 
Strongl y Unfavorabl e 

Percent 

29.8 
39.1 
21.7 

9. 4 

To test th e effects of the pi lo t s tudy on 
congested conditions, ob servations were made 
of arrivals relative to time in the lobby of 
the Port Aut ho rity Building. Figure 6. 1 
s hows the re duced congestion and t he spread 
of th e peak period as a result of staggered 
hour s in t he pilot project. 
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Based on the favorable r esult s of its int er
nal study, the Port of New York Authority 
suggested to the Downtown - Lower Manhatten 
Assoc ia tion that a project be undert aken to 
test the effects of staggered hours on a 
large scale. The Downtown - Lower Manhattan 
Ass oc iat ion agreed to a cooperative proj ect 
with the Port Authority in Fedruary 1969 . 
A survey was conducted to determine to what 
ex tent s taggered hours were be ing used 
in th e Downtown - Lower Manhattan area. Th e 
results (Figures 6 .2 and 6 .3 ) show a very 
pronounced singularity in th e 9 : 00 to 5: 00 
work schedule . 

A promotional campaign for the staggered 
hours project was begun in 1969, with letters 
from the presi dent of the D- LMA transmitting 
re sults of the staggered work hours survey 
and soliciting the cooperation of it s memb ers 
in the proposed project . An example of the 
D- LMA promotional campaign i s given in 
exce rpt s from a lett er as follows: 

On February 19, 196 9, I sent to each member 
of th e Association a questionnaire designed 
to gather information on the work schedule 
practices of firms in Lower Manhattan . This 
questionnaire constitut ed the first impor
tant phase of what we felt should be a new 
survey and effort to design and implement 
a workable stagger ed hour s program in t h is 
area . ... 

Some 113 of our member firms responde d to 
this questionnaire, and the results have now 
been analyzed by the Port of New York Author
ity. As you will r ead in the enclosed re
port, the problem of concentrated peak hour 
congestion has not been eased at all since 
the D-LMA first advocated staggered work 
hours in the early 1960's .... 

All of the members of the Association a r e 
aware that we are pushing as hard as possi
ble to have additional subway facilities 
provided in lower Manhattan. Even the most 
optimistic of us know, however, that the 
Wate r Street subway is a least 8 to lO years 
away. In light of this, we feel strongly 
that the only practicable solution to our 
terrible peak hour problems is the concept 
of staggered work hours .... 

In the last few weeks, the officers and 
Planning Committee of the Association have 
been discussing with representatives of the 
Port Authority the possible future steps we 
could take toward implementing staggered 
work hours in lower Manhattan. Because of 
the Port Authority ' s interest in this con
cept, they conducted an experiment in t heir 
own organization. The report of their 
findings and conclusions is enclosed. The 
results show that Port Authority operations 
and employee morale were not adv ersely af
f ected by staggered work hours. In fact, 
more than 40 percent of the Port Authority 
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zeadquar ters ' employe es hav e r emained 
1oluntar ily on staggered work hour s after 
;he formal experiment ended . ... 

lur present thought is to enlist about 
100,000 employees of as many firms as pos
:ible to participate in a six-mon th experi
Jent working on an 8:30 a.m . to 4:30 p. m. 
:chedule , which we woul d hope could begin 
?arly next year . A task force comprised 
'rimarily of John Goodman, D-LMA ' s Executive 
'ice President, and Roger Gilman , Director 
'f the Port Authority ' s Department of Plan
~ ing and Development , will be getting in 
:o uch with some of you within th e next few 
1eeks to discuss the proposed six months 
:xperiment. I wo uld hope that the fi rms who 
!re contacted will cooperate to the maximum 
:xtent possible. If you should not be con
:acted and wish to undertake such an experi
wnt , please feel free to do so; however , it 
1ou ld be apprec iated if you would advise the 
lsso cia tion so that your experi ences and 
' inding s would be part of the overall 
•es ul t s. 

Juring the experiment, this same tas k force 
>f D-LMA and Port Authority representati ves 
1ill ask the management of the participating 
'irms to report t he effect of the expe rime nt 
•n the output and efficiency o f the firms 
:nd on the morale of their employees . After 
:ssessing the effects of the experiment, the 
ask forc e would recommend to the D-LMA 
:oard of Directors whether sta gg ered work 
:ours shou ld be fu rt her expa nded. 

'o some of you, I am sure that stagg er ed 
•ork hours is an ol d story , often talked 
bout but seldom if ever tried in a systema
ic and meaningful way. Because of t he 
ransportation crisis we are now facing, 
owever, I am confident that this new 
ttempt can and must be far more successful 
han past endeavors. I am convinced and so 
re members of the Planning Committee that 
he con cept of staggered work hours is the 
nly solution over th e next decade which 
an pro v ide mor e comfortable commu ting for 
he hundr eds of tho usands of men and women 
ho t r avel into and out of Lower Manhattan 
v ery working day . 

ser ies of me etings with principal industry 
roups in Lower Manhatt an was held ear ly in 
970 to identify the probl ems and exp l a in 
he proposed so lut i on . The proj ect was 
ffic i a lly begun April 1 , 1970. 

he effects of s taggered hour s on tr anspor
atio n faciliti es were measured by passenger 
aunt s on Port Authority Trans-Hudson (PATH) 
nd New York City subway s in March and June 
97 0. Indi ca tions a r e th a t s ignificant 
ffects had taken place. Befo r e and afte r 
asse nger count s are pr esented in Figure 
. 4 and Tabl e 6.1. 

ccording to news media reports in 1972, 
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the participation in the staggered hours 
project ha d increased to 255 bu s iness firms 
and public agencies, and 89,000 workers. It 
is reported that congestion on the three 
major subway lines and the PATH system in 
Lower Manhattan has decreased 26 percent 
during the morning p eak trave l p eriod. A 
study is now in progress to extend the 
s tagger ed work hour s program to mid - town . 

6.33.2 Ott awa Vari ab l e Work Hou rs Proj ect. 
On Mar ch 4, 19 73, appro x imate l y 33, 000 
government workers i n the central area of 
Ottawa went on a variable work hour s progr am. 
This proj ect involved a lmo s t 50% of th e 
total 70,000 workers in the centr a l area. 
The progr am consisted of a bro ad combination 
of stagg ered work hour s (15 minut e inter 
vals) and Flextime . A detailed r eport of 
the proj ec t is publi s he d in the March 1975 
issue of Traffic Enri neer ing . The project 
was implemented by · ede ral agencies and 
departments as a r esult of a serious over
taxing of the bu s tran s it system. 

Th e effectiveness of the proj ec t was meas ur
ed by observations of bus riders h ip and 
traffi c volum es at various screenline s 
around the a r e a , and by observat i ons of the 
arrival and departur e time s of vehicles at 
major parking lot s in the area . 

As shown by Tabl e 6.2, there was no appr ecia
ble change in modal split as a r esult of the 
variabl e work hour s project. In fact, it is 
encouraging that there was not an i ncrease 
in auto u sage. 

Tabl e 6.2 

Comparison of Modal Splits 
(Auto-bus) Before and After Introduction 

of Variable Work Hour s Program 

MODAL SPLIT 

Before After 

A. M. peak 
(7 - 9:30) 50/ 50 47/53 

P.M. peak 
(3-6) 57/43 55/45 

Bus riders hip wa s improved appr eciably as a 
result of the variable work hour s project. 
Figure 6.5 s how s a before and after compar 
ison for on e sc r eenlin e checkpoint . Con 
s id e rin g only the pea k I S- minut e pe r i od , in
bound demand was r edu ced 21 percent and 
outbound demand wa s reduced 29 p ercent . 

Automobil e traffic count s at screenl i nes 
showed significant changes a s illu s trated 
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Beginning of 
10-Minute 

Table 6.1 

Changes in Patronage at Three Lower 
Manhattan Stations 

Passengers Du r ing Peak 90 Minutes 
(Rounded to Nearest Whole Percent) 

Period 
1 Before Project I During Project I Change 

Morning Passengers Leaving Trains (75,900 Passengers) 

8:00 6 5 - l 

8:10 9 8 -1 

8:20 8 1 0 +2 

8:30 11 14 +3 

8:40 1 4 15 +1 

8 : 50 20 18 -2(-1,370) 

9:00 18 12 -6(-4,650) 

9:10 9 10 +1 

9 : 20 5 8 +3 

Evening Passengers Boarding Trains (53,700 Passengers) 

4:00 5 4 - 2 

4:10 5 6 +1 

4:20 6 7 +1 

4:30 11 12 +1 

4:40 11 12 +1 

4:50 17 15 - 1( - 1,360) 

5:00 21 19 - 2(-1,170) 

5:10 1 4 15 +1 

5:20 10 10 0 

EFFECTS OF STAGGERED WORK HOURS ON 

PASSENGER VOLUMES AT PATH HUDSON TERMINAL 

8000 r--,------.-----.----.----, 

60001 I 1~1~ I I 

4000~~4-+--+----~--~--~ 

200 0 t---f- t---- -+--- -+---+- --1 

OL---~--~----L---~--~ 

4:30 4:45 5:00 5:15 5:30 5:45 

FIGURE 6.4. EFFECTS ON PASSENGER VOLUMES AT PATH HUDSON TERMINAL, 
DOWNTOWN LOWER MANHATTAN STAGGERED HOURS PROJ ECT 
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in Figure 6.6. Although there was an 
overall increase in peak period volumes, the 
peak 15-minute vol umes were reduced. Figure 
6.6 s how s a definite "bro adening" effect 
of both the a.m. and p.m. peaks. 

The effect of variable work hours on parking 
is best illustrated by Figure 6.7, a pre
sentation of arrivals and departures by 
15-minute periods. It is noted that IS
minute peaks are reduced, and the peak 
periods are broadened substantially. It 
is concluded that the variable work hour 
project has been successful in reducing con
gest ion. Peak traffic periods (15-minute) 
are reduced, transit is l ess crowded and 
ridership is increased, a nd, in general, the 
peak period is dispersed. 
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6.33.3 Pitney-Bowes Experi ment . In August 
1974, Pitney-Bowes Corporation of Stanford, 
Connecticut initiated an experiment with 
Flextime involving 220 emp loyees. Employees 
were permitted the selection of a work 
schedule within the hour s of 7:00a. m. to 
6:00p.m., with a core tim e of 3~ hour s. 
The experiment has resulted in increased 
employee morale and reduced absenteeism. 
Based on their experience, and barring any 
"novelty" effects, Pitney Bowes estimates 
reduced absentee ism to be one hour/employee/ 
month. Equated to 2000 employees at an 
average rate of $4.16 per hour, the annual 
time savings is approximately $100,000. 

Annual Time Savings= (1 hr/mo)(l2 mo/yr) 
(2000 emplo yees) ( 4.1 5/hr) = $99,600 
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6.4 IMPLEMENTATION GUIDELINES FOR DEMAND 
MANAGEMENT 

The transportation man ager ha s very little 
direct authority for i mpl ementation of 
demand management. Therefore, he must 
exerc ise leadership capabi litie s to bring 
about improved transportation through the 
implementation of dem and managem ent alter
natives by others. Leadership capab il ities 
are enhanc ed greatly by follow ing, at lea st 
in a general sense, these guidelines. 

Unified Approach. All transportation re
sources within an urban communit y s hould be 
under th e direction of a common agency, or 
at least coordinated through common objec
tives and commitments. One convenient 
agency may be the Metropolitan Planning 
Organization as required in the transporta
tion planning process. 

Determin e the Potential of Demand Management. 
Th1s potent1al 1s dependent on the charac
terist i cs of principal work forces. For 
example, heavy industry, li ght industry, 
commercial and admini strative work forces 
~ave differ ent requirements and thus 
iifferent potentials . 

Develop Factual Data. Be ab l e to point out 
the benefits of demand management in terms 
of savings in time and mon ey, employee 
morale, and in better utilization of trans
portation resources. 

Develop Alternative Plans. Offer the bus
iness and industry interests alternative 
solut ion s, along with estimates of cost
effectiveness and trade-offs. 

Promote a Cooperative Effort. Tran sporta
tion problems no longer can be solved by a 
single agency, because the solutions to the 
problem do not fal l within the confines 
Jf a si ngle age ncy. It is necessary to en
list the cooperation of business, industry, 
l abor unions and the l abor force. The 
:ooperative effort of the Downtown-Lower 
4anhattan Association and the Port of New 
fork Authority is a prime example. 

:ontinuing Communi cation. In the imple
lentation of any transportation improvement 
tlternative, continuin g communication is 
tecessary for s uccess. This is particularly 
:ritical in demand management becaese there 
tr e so many factions involved. 
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CHAPTER 7 
RIDE SHARING PROGRAMS 

SESSION OBJECTIVES: 

1. To explore various methods of increasing 
vehicle occupancy. 

2. To identify considerations in the imple
mentation of ride sharing programs through 
the use of case studies. 

3. To identify the effects of ride sharing 
programs on other transportation improvement 
programs. 

7.1 INTRODUCTION 

If we may assume that there are a fixed 
number of person-trips that must be accomo
dated by an urban transportation system, 
then one obvious method of reducing the 
vehicular demand on the system is to in
crease the number of person-trips per vehi
cle. This sess ion presents a number of al
ternatives for increasing vehicle occupancy 
through ride sharing programs. These include : 

• Carpools 
• Vanpool s 
• Shared Ride Taxi 
• Jitneys 
• Sub scription Bus Service 

There are some concerns that such programs 
may reduce transit usage; for example, the 
prime prospects for carpooling may be those 
same individuals who have the hi ghest poten
tial to ride transit. Further, improved 
traffic operations on the transportation 
facilities may result in an increased num
ber of person-trips . There i s sufficient 
reason for concern that the transportation 
manager must weigh meticulous ly the impacts 
of some improvement programs on other exist
ing and successful programs. 

7. 2 CARPOOLS 

In the l ate 1960 s and early 1970s (prior to 
the energy crisis) carpool promotion was not 
widespread, although there was "considerable 
talk" and various attempt s were made at en
couraging carpooling. Mo st organized car
pool programs were promoted by individual 
employers to benefit their employees; only 
a few of these programs were successful. 
Such successes that occurred were motivated 
by substantial parking shortages on the em
ployment site or severe traffic congestion 
in the vicinity of the site. 

Automobile occupancy, as measured in the 
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Nationwide Personal Transportation Survey, 
collected in 1970 by the Bureau of the 
Census, indicated that the national average 
automobile oc~upancy for work trips was 
approximately 1 .4 per sons per car. As in
dicated by the several urban transportation 
studies which have been performed in urban 
areas with over 50,000 population, work 
trip occupancies have been observed to 
range from about 1.1 to 1 .6. 

Carpool matching is the most widely applied 
promotional activity and various computer 
programs, such as the one available from 
the Federal Highway Admini st ration, have been 
prepared to facilitate this matching process. 
Carpool or buspool matching is based on 
the hypothesis that the major deterrent to 
the formation and use of carpools or buspools 
is a lack of knowledge relative to origin, 
destination and time of travel of other 
persons making trips between the same places 
at the same time. 

While computer technique s have captured much 
of the attention, it should be recognized 
that, while adding a great deal of techni
cal sophistication, computerization does 
not influence the basic reasons why people 
do or do not form carpools. The matching of 
persons in the carpool can be accomplished 
manually . The Hallmark Card Company, for 
example, used manual procedures at its Kansas 
City plant which employs some 4,500 persons. 
The report, Manual Carpool Matching Methods, 
presents techniques that can be employed to 
organize and manage carpool matching. Man
ual procedures might be employed on a per
manent basis (especially by smaller firms), 
or used as the initial step for large em
ployers that later switch to computerized 
techniques . 

When computer matching is employed, it is 
desirable that all or ganizati ons in the same 
area adopt the same program, or at least use 
a common data format. This will permit mer g
ing and separate data files s o that individ
ual s employed by different firms located in 
the same small employment area might be 
matched into common carpools. Various in
centives involving cost, travel time, con
venience, or a combination of the three, 
might be employed to encourage carpools. 
Examples of selected successful carpooling 
programs include the following. 

• Pruder.tial Insurance Company, Boston. 
Employees who carpool in groups of three or 
mor e are provided free parking in a company
owned garage. The no r mal parking fee is 
$2.50 a day. Over 40 percent of the employees 



are presently in carpools and the demand for 
free carpool space is approaching the supply. 

• Port of Portland 1 Portland, Oregon. The 
Port of Portland 1n1t1ated a var1ety of in
centives for encouraging carpools and transit 
usage by its 3 00 employees in December 1973. 
The Port pays the $10.00 monthly parking for 
carpools of three or four persons. For car
pools of five or more persons, the Port 
pays the $10.00 monthly parking charge plus 
$0.11 per mile. Transit users are paid up 
to $0.70 per day. Approximately 25 percent 
of the Port's 300 employees are taking ad
vantage of these incentives. The use of 
public fund s to subsidize commuting costs 
has become a topic of controversy and the 
program is the subject of some criticism. 

• Texas A6M University. In the Fall of 
1974, faculty, staff, and student s of Texas 
A&M Univer sity were provided the option of 
organizing carpools of 3 or more persons, 
with each paying $4. 00 per year for parking 
on campus. A regular parking fee is $48. 00 
per year per vehicle. Almost all the nearly 
300 carpools organized are comprised of 
faculty and employees (very few are student 
groups). 

Reduction in travel time might be used to 
encourage carpools or bus ridership. Incen
tive s of this type grant time saving to buses 
and/or carpools through a variety of techni
ques, including reserved lanes, priority en
trances to freeways, reserved lane s at toll 
plazas, and bus priority traffic signal op
eration. Examp les include: 

• Shirley Hi ghway. Buses and carpools of 
4 or mor e person s are permitted to use 
an exclusive, separate roadway located in 
the median of the Shirley Highway in the 
Northern Virginia suburbs of Washington, D.C. 
Buses and carpools save approximately 15 
minutes during the peak hour. 

• Los Angeles. Automobiles with 2 or more 
persons are permitted to by -pass the queue 
at one metered freeway entrance ramp; car
pool vehi cles save 7 to 9 minute s during 
the peak hour. 

• Oakland Bay Bridge: San Francisco .. 
Reserved toll plaza lanes for buses and car
pools with 3 or more persons save approxi
mately 5 minutes during the peak hour. The 
number of carpoo ls ha s nea rly doubl ed follow
ing implementation of the reserved lanes. 

Convenience measures to encourage carpools 
may be applied either positively to encour
age carpools, or negatively to increase the 
inconvenience of not carpooling. Such tech
niques include preferential parking, space 
assignments for carpoo l s, special park-ride 
lots for carpoolers, working hour ad just
ment s, bannin g of low occupancy vehicles in 
se lected areas, and limitations on parking 
spaces with permits issued only for high 
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occupancy vehicles. Examples .of such appli
cation include: 

• Texas State Department of Highways and Pub 
lic Transportat1on, Aust1n. Preference 1n 
park1ng 1s g1ven to veh1cles having two or 
more employees riding together. There are 
1,267 employees at the Camp Hubbard offices, 
and 492 numbered reserved spaces have been is 
sued. Others may park in the remaining lot, 
which involves a walking distance of at least 
600 feet. 

• Little Rock,Arkansas. Provisions of 500 
preferential close-in parking spaces resulted 
in the number of state employees in carpools 
increasing from 400 to 1,100. 

Those programs which have an integrated ap
proach composed of a combination of incen
tives and effective dissemination are likely 
to be the most successful. The degree of 
success depends largely upon the commitment 
and leadership of top management in pursuing 
an organized and adequately supported 
program. 

An example is the Connecticut Department of 
Transportation in Hartford. In early 1972, 
the Connecticut DOT initiated a program in
volving carpooling among state employees 
working in the Capitol complex; this program 
included carpool matching, preferential 
parking, employee communication, and assis
tance to a private sector in organizing car
pools. Individuals living in the same 
neighborhoods and working similar schedules 
were invited to informal coffee sessi ons 
held during work hour s for the purpose of 
face-to-face contact in organizing carpools; 
group size ranged from 10 to 80 persons. 
Such an approach mi ght be instrumental in 
overcoming various psychological barriers to 
the formation of carpools. 

Parking spaces were numbered and assigned to 
qualified carpools consisting of four or more 
persons commuting together three or more 
days a week. At least three of the persons in 
a carpool must be state employees; the fourth 
or additional member s can be nonstate em
ployees. Security guards make periodic 
checks of the reserved spaces and unauthori zed 
cars are subjected to a $15 fine. 

7 .3 INNOVATIVE CARPOOL CONCEPTS 

The emphasis on carpooling ha s been generall y 
oriented toward individual firms. This neces
sar ily limit s the carpool market . Add itionall y, 
many alternative carpool systems are overlooked 
by this narrow view. 

An innovative idea that can s ub s tHntially 
increase carpooling ha s been s uggested by 
CALTRANS. Companies and/or agencies can allow 
employees to use the compan y (agency ) car for 
the work trip, provided he agrees to pick up 
four additional employees. Riders pay a smal l 
fee for the serv ic e which reduc es the company's 
fixed cost. 



Such an approach reduces parking demand a s 
well as shares the co s t of operating the com
pany vehicle and eliminates the need for a 
second car on the part of the riders. 

7.31 Wilkes - Barre -- Luzerne County 
Transportation Authority Program 

• Program Elements 

+ Area-wide newspaper, radio and tele
vision coverage 

+ Major employers contacted and asked 
to voluntarily participate 

+ Automatic enrollment through labor 
unions 

+ Carpool forms screened and, where 
possible , matched to transit 

+ No incentive programs were provided 

• Area-wide Approach 

1. Goal s 

+ Make public aware of project and how 
to participate 

+ Make small employers aware -of carpool 
potential 

• 

• 

+ Reinforce idea to carpooler's in 
other program elements 

2. Results 

+ Onl y 24 call s received 
+ 24 forms completed 
+ Matches accomplished 

Out of the potential of 80 , 000 
persons, 17,740 were reached; 
thus, of a potential 62,260 
persons, a .04% response was 
received and .01% matched . 

Major Employers - Contacted major employer 
requested-They di s tribute 
and collect carpool forms . 

+Number of Employees - 16,215 
+Forms Distributed - 9,435 -- 58.2% of 

possible 

+Forms Collected - 990 

+Matches Carpool - 699 

Tran s it - 620 

Automatic Enrollment 

10 . 5% of 
distributed 
70.6% of 
collected 
62.6% of 
collected 

Form s were completed by staff from the 
union records. 

+ Number of Employees Covered 
+ Forms Distributed 
+ Forms Collected 

100% of Di s tributed 

1525 
990 
990 

7- 3 

+ Matches Carpool - 954 

Transit - 610 

• Conclu s ions: 

96.4% of 
Collected 
61.6% of 
Collected 

1. Automatic enrollment far better 
than voluntary participation. 

2. Pre - proce ss ing for transit match 
was very successful and is recom
mended to other agencies. 

3 . Of the matches some 80% did not use 
information provided. However, 33% 
felt that information was of value 
to them. 

4 . Only one-third of major employers 
participated on a voluntary basis. 

5. Success ratio - 1 in 45 for major 
empoyer s. 1 in 6 for automatic 
enrollment . 

7.4 VANPOOL PROGRAMS 

A vanpool substitutes one multiple, high
occupancy vehicle for several individual 
low-occupancy automobiles. The program 
might be organized and the vans owned by a 
company, apartment management, or other 
organized group to provide transportation 
for its employees or members . Vanpools 
operate like carpools except for the owner 
ship of the vehicle and the larger number 
of per s ons in the pool. The van is common
ly operated by a member of the pool whose 
regular employment is at, or in the same 
vicinity as the other pool members. 

One of the first, and perhaps best known, 
vanpool programs was initiated by the 3N 
Company at its St. Paul facilit y. The 3M 
program utilizes company-owned vans with 
groups of 8 to 11 employees organized in 
each vanpool . 

One member serves as the coordinator and 
principal driver and has the responsibility 
for servicing and maintaining the van, 
provision of a backup driver, collection of 
monthly fees and keeping the ridership at 
or above the minimum occupancy of 8. The 
pool coordinator/driver rides without charge 
and gets to keep all pa ss enger revenues 
exceeding the minimum occupancy of 8 
passengers. This provides an incentive to 
the coordinator/driver to maximize the num
ber of persons in the vanpool, while pro
viding a service which is satisfactory and 
tailored to the members of the vanpool. 

Other companie s which hav e organized van 
pool program s include: General Foods, ARCO, 
and Continental Oil . Charges for service 



generally range between $15 and $25 per 
month. Drivers usually pay no fee and re
tain fees collected from passengers over 
some minimum base, as in the 3M program. 

7.5 INNOVATIVE VANPOOL CONCEPTS 

Vanpools have been traditionally associated 
with individual firms or organizations. This 
has proven to be a ve r y serious deficiency. 
Most employees live n ea r er the place of employ
ment than can economicall y be served by vanpools. 

Th e eco nom ics of vanpool operation are very 
similar to those of other transit modes. Approxi
mately 75 percent of the cost of vanpool opera
tions are fixed costs (i. e. , not dependent on 
the mileage driven). 

7.5. 1 Vanpool Cost Elements 

• Fixed Cost Elements 

Veh icl e Capital 
$8,000 at 10% over 5 years 

Insurance 
TOTAL 

$185/month 
40/month 

$225/mont h 

• Variable Cos t Elements 

Fue l (12 mpg and 60¢/gal) 
~·laint ena nce 

TOTAL 

5¢/mile 
4¢/mile 
9¢/mile 

The len gt h of the one-way trip length is 
dependent upon the price the user i s willing 
to pay for the serv ic e . Using the cost figures 
presented above, the minimum trip length neces
sa r y to recover the cost of operation (No sub
s idity required) can b e calculated. 

• As s umptions 

1. A 10-per so n vanpool with each person 
sharing eq uall y the cost involved . 

2 . A fixed cost of $225 per month and a 
variab le cost of 9 cents per mile. 

3. No cost of the highway or street system 
are included. 

4. 

5. 

The driver/operator does not make a 
profit on the operation and shares equal 
ly in the costs. 

There are 248 work days per year (5 x 52 
12 ll ol i clays). 

COST per person mile Fixed Cost ($/month) 
(l/12) Work Days/year 

X Pool size X Z(One Way + Variable Costs 
Trip Length) 

X Pool size 
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c [Fixed 100 1 + 9¢ 
pass-mile (1/12) 248 . 10 2L IO 

1 [Fixed 
+ 0 .9 49.60 - L--

Rearranging the expression, 

L = CFixed 
4 · 133 CPass-mile- 0 · 9 

Where: 

L = one way trip len gt h 

[Fixed Fixed Cost of Va npool Operation 
(dollars/month) 

CPass-mile = price us e r i s willing to pay 
per passenger mile i n cents 

Amount Each Rider 
I s Willing to Pay 

(¢/Pass-Mile) 

CPass-Mile 

3¢ 
5¢ 
7¢ 
9¢ 

11¢ 

Minimum One-Way 
Trip Length to 

Break Even 

(Miles) 

25.9 
13. 3 

8.9 
6. 7 
5 . 4 

Monthly Cost 
To Each Passen 
ger For the 

Break Even Trip 

(Dollars) 

$32 
$27 
$26 
$25 
$25 

This computation s uggests that for vanpools to 
be economically viable the one-way trip needs 
to be on the order of 25 miles for costs similar 
to the out-of-pocket costs of operating an auto
mobile. Since the percentage of the employees 
of any si ng le firm would live this far from work 
is relatively small, a very large employee pool 
is necessary to achieve even a single vanpool. 
Recent experience in California suggests that 
3000 employees is about the minimum size firm 
that is ne cessary in a large metropolitan area 
to ha ve any real chance of implementing breakeven _ 
vanpool operations at an income of 3 cents per 
passenger miles. 

To alleviate this constraint, CALTRANS has 
proposed a program which would encourage an indi
vidual to purchase a van and operate a vanpool on 
a break even basis. A broad-based advertising 
program e n courages anyone livi ng 25 miles or more 
from work who would like to save money to con
tact state people who will assist them in ob
taining the vehic l e and advise on the necessary 
bookkeeping required. Also, names of potential 
riders are f urni shed from available listings. 

Th e question of insurance and the required 
license as a commo n carr ier are minimized since 
no profit is derived from the operation. 

This innovative concept can increase substan
tially the potential for vanpooling. 



'.6 SHARED RIDE TAXI 

raxi service is a form of demand responsive 
;e rvice which has traditionally catered to 
:he individual passenger. Occasionally the 
:axi serves 2 or more persons traveling 
:ogether. Shared ride taxi service differs 
ln that 2 or more unacquainted individuals 
;hare the vehicle, similar to dial-a-bus 
;vstems. This holds the prospect of a more 
!~ficient use of the vehicle and driver and, 
1ence, a lo~er cost per passenger carried. 

:he mo s t publici ze d shared taxi operations 
!xist in Davenport, Iowa, a nd Hi c ks ville, 
.: e,, York. Both these systems are lease 
;ystems . The companies own th e vehicles, 
1av the insurance, maintenance, licensing 
1n~ di s patching; the driver pays for the 
lasoline . Acco rding to the informatio n 
:oncernin g the operations in Davenport 
tnd Hicksv i lle, these systems are operating 
1t a pro f it. Due to the fact that they 
tre private operations, limited data are 
tvailable to s ubstantiate the se claims. An 
!s timate of daily operating characteristics 
_n Davenport and l:icksville i s presented in 
:able 7.1. These figure s demonstrate 2 sig
lificant points. First, the s har ed ride 
:ab companies are charging 2 to 4 times as 
1uch per ride in comparison to t yp ical dial-
1-bu s opera t ions. Secondl v , t he hot 1rl v 
!arnin gs of the drivers are s ubstantia ll y 
less than the hourl y rat e paid bus dr1 vers . 

. 7 JITNEY S 

he jitney i s generally a sma ll, pri1•ately 
wned tran s it vehicle operated on a fixed or 
emi-fixed route. Following th e ir success in 
os Ange l es in 1914, jitney op erati ons became 
id es pr cad throughout Unit e d Stat es cit i es . How
ver , th e fra nchi se d rail -t ransit ope rators were 
uccessful in a se ri es of l ega l efforts which, 
y 1 91 8 , l ead to most citi es enacting ord in
nces whic h pro v id ed for s trict co ntr o l over 
itncys . J itn ey service ha s continued in 
nl y a f e w limited in sta nces , some l eg ally, 
ut in mo s t c a ses ill egally. 

xample s of c ities currently ha vi ng jitney 
peration s ar e : San Franci sco ; Atlantic City; 
cean Cit y , ~ lar y land; Pittsburg ; and Kan sas 
it y . Jit neys provide extensive se r v ice in 
an y Ce ntra l and Sout h Ame ri ca n ci ti es : 
ue rto Rico, the Middle -E a s t, and th e Philip
in cs . Th e jitney operation in Ka ns a s Cit y , 
i sso uri, i s provid ed a s a demon s tration pro
oc t und er t he Kansas Cit y Tran s it Authorit y . 

itn eys arc s uited to relat ive l y low de nsit y 
ravel tra ns it pattern s bec au se of th e ir 
nall passe nge r capacity (up to 4 o r 5 per
Jn s in a car, 8 to 10 perso ns in a van). 
Jtential entr e pren e ur s for providina s uch 
service probably can be readily fo~ nd in 

11 cities . 

1ny of th e problems associat ed with the 
1regulated jitney operators of tb P 191 4-
~18 time pe riod s hould be r e l at i ve l y easy 
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TABLE 7 .1: SUMJviARY OF DAVEN PORT AN D HICKSVILLE 
SHARED RIDE TAXI OPERATIONS 

Dail y Operating 
Characteristics Davenport Hicksville 

Hour s of Operation/ 
Vehicle 

Average Miles/ 
Veh icle 

17.9 

208 

Avera ge Pa ssenger Trips / 
hour of operation 4.1 

Pa ssenger Trips/Da y 
(average) 73 

Average Revenue/Trip $1.05 

Driver Revenue/Day 
(average) $ 76 

Driver Cost/Dav 
(average) · $45 

Driver Income (Reven~e 
minu s cost) $ 31 

Average Hourly 
Driver Income £1. 56 

11.9 

170 

2. 7 

32 

$2.15 

$68 

$48 

$20 

$1. 71 

t o avoi~; local governm ent s have ga ined con
s id e r able expe rience in li ce n s ing and r eg u
l ating si nc e that time . Reg ul a tions and 
r estrictions governing jitneys s hould be in 
re gard to areas served (a nd not se rv ed) 
r at her than in regard to rout es s o as to 
a ll ow the jitney operator to tailor se r v ice 
to c li e nt desires. 

Logi ca l app lication s for jitney se rvic e are: 

• Th e principal public transit se rvice in 
cities pre se ntly without a bu s se rvice. 

• A s ub s titute service on marginal routes 
in c iti es with bus tran si t se rvice. 

7 . 8 SUB SC RIPTION BUS SERVICE 

Sub sc ription bus servic e is tailor ed to 
accommoda t e the ne eds of a spec ifi c , generall y 
well de fin ed, urban trav e l mark e t. Individual s 
who usc thes e se r vices do so on a regular 
basi s , principally fo r th e work trip. Sub
scrip tion bus service offers a number of bene 
fit s to the users as well as to the communi
ti es co nc e rned; thes e include: 

• Se rvic e i s more responsiv e to th e needs 
of th e s ub scr ib e rs than co nven tion a l transit 
se rvi ce . 



• Co s t ma y be less than trav e l by privat e 
automob i l e es pec iall y whe r e par king co s t s a r e 
hi gh. 

• Rid e r s ma y be able to r edu ce the number 
of auto s own ed. 

• Redu ce d demand for parking . 

• Hom e own e r s , develop e r s , and/or apartment 
inv es tor s ma y enjoy incr eased prop e rt y 
valu es du e to the availabilit y of the se r v i ce. 

• Sub sc ription servic e of t en c an be op e rat ed 
with revenu es equalin g or exceed i ng exp enses. 

• A s tr ong pe r s onal id entit y with th e se rvi ce 
ma y be deve l oped whi c h s t i mul a t e s addition a l 
rid e r s hip. 

Sub sc ription bus servi ce has ge ne rall y in
volv e d s pe c ial service fea tur es s uc h a s 
guarant ee d seating, door - to - doo r se r v ice, 
expr ess op e ration for mos t of th e t rip, 
rout es and sc hedule s that a r e de s i gne d in 
r es pon se to sp ec ifi c rid er demand s , and a 
deg r ee of s oc ial int e r ac tion. Any group of 
trip s tha t ar e made on a r epeti tive ba s is 
mi ght be con s idered for s ub sc rip t ion se rvic e ; 
work trip s , however, ar e t he mos t promi s ing 
mark e t segment. 

Expe ri ence indi cates that premi um fares can 
be c har ge d for premium serv i ce a nd attract 
rid er s hip. 

7 . RI Exi s ting Service s . 
Cos t s and othe r related fi gures f or se l ected 
s ub s Lr ipti on bu s serv i ces are g iv en in Tabl e 
7 . ~ . Com - Bu s i s a pri va t e commut er bus oper
ati o n se r vi ng over 3 ,000 Lo s Ange l es ar e a 
commut e r s eac h da y . Rout es a r e 18 to 65 
mil e s one- wa y a nd se rv e 8 sepa r a t e employ
me nt l oca ti ons . Buse s ar e obt a in ed from 
di f f e r e nt c ha rt e r bu s op era tors . Co m-Bus 
c oord in a t es routing and sc hed uli ng to g iv e 
th e rid er max imum se rvi ce i n comfor tabl e , 
a ir-conditione d coache s . 

The Atl antic Richfield Comp a ny ha s al s o in 
au gurat ed a " Subscription Commut e r " se r v ice 
in the Lo s Ange les ar e a . Buses se r ve 6 
rout es that link ma j or emplo yee r es id ential 
ar eas to th e downtown Atl anti c Ric hfi e l d 
Pla za. Emplo ye es s ub scr ib e t o th e se r v i ce 
at a c ha r ge of $4 0 per mon t h; t he empl oye r 
c ontribut es a s ubst anti a l amount t o th e 
monthl y cos t s . Anoth e r Los Ange l es a r ea 
emp loyer , th e Ae ro s pac e Co rp or at i on has 
or ga ni zed a nd sponsor s nin e bu s pool s amon g it s 
emplo yees . 

Th e Gold en Gate Bridg e Hi ghw ay and Transpor
tation Di s trict in the San Fr anc i sc o area 
r es pond ed to r equests to l ease bu ses and 
dri ver s to "Commute Club s ." Th ese c lub s no1v 
op e r a t e 11 bu se s . Th e Di s tri c t se t s the 
far es s o that the club will become se lf
support i ng wh en all s e a t s a r e so l d and 
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s ub s idi zes it until th en . Th e c lub soli
c it s new member s , coll ec t s du es , s e ts 
rout e and time sc hedu les, a nd mak e s the 
mon t h ly payme nt to the Di s tri c t , 

Th e Res ton servic e began with r es idents 
chart ering one bu s for th e daily 20-mile 
c ommute into downtown Wa s hing ton . By 
early 19 74, the Reston . Commut e r Bus, Inc., 
c on s i s t ed of 25 bu s t r ip s ea ch way every 
wo r kin g day including a Mond ay through 
Fri day " s tr agg l er" bu s which l eaves Washing 
t on a t 7 p.m. and an " earl y bird" bus whi ch 
l eaves Was hing ton at 2 :3 0p.m. eve r y Friday 
af t e rnoon . 

Al so i n the Wa s hing t on D.C. a r e a, th e Co l um
bi a Ass oc iation chart ers 22 bu ses (11 each 
way ) to make the dail y commut e. Department 
of He alth, Edu cation and We l fa r e emplo ye e s 
living in anoth er Mary l and s uburb also 
chart e r a bus to tak e them dir ec tl y to the 
Wa shington office. 

Spec i a lt y Tran s it in th e St. Loui s metropoli 
t a n a r e a i s an ind epe nd ent opera tor which 
run s 24 bu ses ea c h da y f r om r es idential 
ar e as t o the large s uburban emplo yment ce nt e r 
occ upi ed by the McDonn e ll Doug l as Corporation. 
The bu s dri ve r s ar e al s o employe es at the 
pl a nt wh e re s p ec ial " c lo se- in" parking 
spaces a r e re s erve d for th e bu ses. Pa ss enge r 
f ares r a nge from $4/ wee k on t he 9 mile rout e 
to $7 . 50 /w ee k on the 52- mil e r out e . 

Th e pro v i s ion for th e rid e r s t o dire c tly in 
flu ence .the design of th e servi ce is a ke y 
f ac t or 1n all the ir bu s pooling programs. 
Dec i s i ons r egarding r ou te se l ec tions, schedul 
In g , pa yment me thod, a nd amenit ies s uch a s 
smok i ng r eg ulation s and r ef r es hm e nt s ar e ma de 
by t he use r s o f th e serv i ce . Und e r s uc h con 
di t io ns the se rvi ce ca n be s tru c tur ed to cov e r 
cos t s . 

7 . 82 De ve lopm ent of th e Sub sc r ip tion Hu s 
Ma rk e t. Mo s t s ub sc ription bu s op erator s 
have or gani ze d rid e r s a t th e work end of 
th e trip; in many ca ses th e employer ha s 
tak en an a c tive rol e in mat ching rid e rs, 
id enti fy in g rout es , a nd es tabli s hin g sched 
ul es . Th e Reston op e r a tion whi c h wa s or
gani zed by individual s a t th e hom e end i s 
a no tabl e exce ption . In mos t in s tanc e s 
the s ub sc ription op e ration wi ll s t ar t with 
a l imi ted numb e r of passenge r s a nd one or 
t ~ o bu ses ; as r i de r s hip i s a t trac t ed , a ddi 
tio na l se rv i ce i s adde d. 

Sub sc ri ption bu s se r v i ce mig ht be bes t 
s uit e d to lon ge r trip s b ec~u se traditional 
t r an s it s ervice i s mor e l i ke l y to be unavail 
abl e or involves exc ess iv e l y long travel 
tim es a nd transf e r s as th e l ength of the trip 
in c r eases . Howeve r, th e r e i s limit ed evi 
dence that properl y desig ne d and well managed 
oper ation s might be s uccessful in se rving 
short e r t ri ps (e .g., le s s th a n 10 miles ) . 

_ _j 



TABLE 7.2 SUMMARY OF SERVICE PROVIDED BY SELECTED SUBSCRIPTION BUS OPERATIONS 

Organizer I 
Length of 

Period of / Number of I Type Vehicle and Number of l Trip Served 
Operation Location Operation Vehicles Seating Capacity Subscribers (miles~ 

City of transit coach 
Los Angeles Los Angeles employer 1974- - so passengers - -

Colonial Washington private 
Transit D.C. operator 1966 - 16 - ( 4 2) 6S0-800 20-SO 

private deluxe coach 
COM-BUS Los Angeles operator 196 7- 47 4S passengers lS00 - 1 700 20-6S 

Golden San transit deluxe coach 
Gate Francisco authority 1971- 11 4S passengers 470 2 0- s s 

National Washington deluxe coach 
Geographic D.C. employer 1968- 8 so pas s engers 2SO s- 2 s 

Reston Resto n community transit coach 
Commuter VA group 1968 - 2S so passengers 800-900 22 

Specialty private remod e led school 
Transit St. Loui s operator 19S8- 24 bus - (41) 700-800 9 - S2 

Wayward San community delux·e coac h 
Bus Francisco group 196 2- 2 so passengers 7S-80 3S-SO 

Flint, demonstra - transit coach 
Maxicab Michigan tion model 1968-71 26 4S pa ss engers 300-330 1-8 

Peoria Peoria, demonstra- transit coac h 
Premium Illinois tion model 1964 -70 21 40 passenger s soo S- 14 

Table 7.2 (Continued) 

Access Seating 

I T Income Level of' 
Operation Lo cat ion At Origin At Destination Guaranteed Luxury Subscribers 

City of 
Los Angeles Los Angeles walk/park-ride to door yes some medium 

Colonial Washington 
Transit D. C. - to door yes yes low to medium 

COM-BUS Los Angeles - to door yes yes medium 

Golden San walk, up to 
Gate Francisco one block to door yes yes medium to high 

National Washington walk, up to 
Geographic D.C. two blocks to door yes y es low 

Reston Reston walk, up to walk, up to 
Commuter VA one block two blocks us uall y s ome hi gh 

Specialty 
Transit St. Louis park - ride to door yes no low 

Wayward San 
Bus Francisco - - yes - medium to hi gh 

Flint, 
Maxicab Michigan door to door yes no low to medium 

Peoria Peoria, 
Premium Illinois door to door yes no l0\\1 to medium 

Source: Kirby and Bhatt, "Operation of Subscription Bus Se r v ices" Report to Urban Ma ss Transportation 
Administration, 1974. 
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For example, the Peoria s ervice attracted 
43 percent of its rid ership from automobile 
drivers and achieved load factors of over 0.6. 
Experie nce and a nal yses of mode choice char
acteristics s uggest that more attention to 
the individual consumer is necessary in dev
eloplng and maintaining the short trip markets. 

Sub stantial effort is needed in organizing, 
as well as oper a t1ng a successful sub-
scription bu s operation. Personn el directors 
of emp lo yers are generally in a good position 
and_mig ht be _equipped to handle the respon
Slbl lltl es of an employer - organi ze d service. 
In a transit authority, assignment of the 
responsibility to an individ ual or spe cial 
market~ng group is suggested. In any case, 
~pec 1f1 c de s ignation or responsibility with
ln the transi t operation for manag in g the 
serv1ce and effect1ve communi cation with the 
user group are necessary. The most effec tive 
means ?f advertising is word-of-mouth by 
sat1sf1ed r1ders once serv1ce has been lniti
ated. 

Regulatory constraint s will var y fr om state
to-state. Service that c rosses state lines 
is subject to issuance of a certificate of 
" co nveni ence and necessity, " and regulation 
as to rout es, sc hedules and fares by the 
Interstate Commerce Commission. Wh ere the 
se rvice i s intrastate, approval of t he state 
public service commis sio n and/or local 
aut horit y mu s t be obtain ed . Arrangements 
for serv1ce t hrough t he ex i s ting transit sys
tem or transit author1t y may be ~ major ad -

vantag e since most are able to provide con
tract services and to set rout es, schedules, 
and fares for suc h contract service without 
additional approval by the regulatory body . 

Conditions and characteristics necessary for 
the organization and continuation of a suc
cessful subscription bus servic e include: 

• A concentration of common trip origins 
and destinations as well as common travel 
sc hedu l es s uffi cient for at l east one bu s. 

• An effect iv e group to organiz e the service. 

• Continual attention to rider demands with 
appropriate adju s tments in routes and sched
ules. 

• Premium service suc h as auaranteed 
seating, express point-to-p~int service 
and a high degree of schedul e reliabiliiy. 

• Convenient arrangement for service (e. g ., 
an existing transit operation or charter 
bus ope rator). 

• Attention to regu lator y requirements. 

Large organi zation s that are faced with inade
quate parking, or environm ental const r a1nts 
may find the formation of s ub scription bu s ' 
service a n eco nomical substitute for empl oyee 
parking. Ot hers might be encouraged to con
sider it as an attractive fringe be nefit for 
emplo yees. 

TABLL 7 . 3 : S U~I~·IARY OF COSTS FUi( SELECTED SU BSCRIPTIOI\ BUS SER\' l CES 

Cost per 
012eration Bus Tri 12 

City of Lo s 
Angeles $35-$40 

Colonial 
Transit $32 

Com-Bus $40 

Go lden Gate $40 

National 
Geographic $40 

Reston $60 

.Specia 1 t y 
Transit $18.50 

\layHard Bus $35 

Co s t per 
Seat- ~1i 1 e 

3¢ 

2.2¢ 

2 .6 ¢ 

4~ 

5.5¢ 

H 

1. 7¢ 

Load 
Factor 

0.86 

0. 7 3 

0.6 7 

0.6 2 

0. 81 

0 . 71 

0. 7 7 

Cost per 
Passenger 

Trip 

$0 . 90 

$1. 2 0 

$1. 3 5 

$1. 30 

$ 1 . so 

$0.60 

$0.95 

Cost per 
Passen ge r 

~1i le 

3 . 5¢ 

3.0¢ 

3.9.: 

6.Sc 

6. 8¢ 

l. 4¢ 

2.2¢ 

Approximate 
Fare, cents 

per 
Passenger-~! ile 

3.5~ 

3 . 0¢ 

3. 9¢ 

6.5¢ 

6.8¢ 

l. 4 ¢ 

2. 2 ~ 

Source: Kirby and Bhatt, "Operation of Sub sc ription Bu s Services, " Report to Urban Mass 
Transportation Administration, 1974. 
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7.9 INCREASING TRANSIT USE 

Socioeconomic characteristics of the trip 
maker are major determinants in the choice 
between transit and private transportation. 
Since the income elasticity of transit use 
is negative (-0.9) and that of auto u se is 
positive (1 .2 ), incr ea ses in income among 
upward mobile, low-income hou seholds will 
result in decreased tran s it u se by current 
"captive riders" (e.g ., no car available). 
Conversely, a decreas e in real income, as 
experienced beginning in late 19 74, would 
result in increased transit u se. 

Among thos e who do own an automobile and 
hav e a choice between using it or publi c 
transit for a given trip, differences in 
tr avel time, accessibility costs, and 
other considerations affect the individual's 
choice. Specific conclusions can be drawn 
only afte r detailed market studies and 
initiation of service changes in specific 
si tuations . Howev e r, th e exp er i ence of a 
variety of service and fare changes, to
gether with demonstration proje c ts, pro
v id e a basis for identi fy ing the natur e and 
d irect ion of c hang es that will increase 
ridership. 

The fact that transit ridership is fare 
inelastic indicate s that fare r eduction s, 
in general, are unlik e ly to stimulate 
greatly increased ridership. Since transit 
demand i s r e latively mor e elastic to service 
than to fare, service improvements will hav e 
a greater ef f ec t on incr ea si ng transit rider
s hip. In other words, for a given amount of 
s ub s idy, a larger number of passengers would 
use tran s it if fares were unchanged and ser
vice improved than if fares were reduced and 
se rvi ce unchanged. 

Furthermore, the r e lative e la s ticiti es of 
working time and in-tran s it tim e suggest 
that increased service l eve ls (e.g. , reduced 
headway s ) would be mo s t effec tive in att ra c t
ing incr eased ridership. Where frequent 
headways already exist (l ess than about 10 
minut es) a fare reduction may have a grea t er 
ef fect on ridership than service improv ement s 
si nce further reductions in hea dway hav e l ess 
pronounced effect on waiting time. 

Serv ic e i mprovements are like ly to be mor e 
effective in hi gher income suburban areas. 
This would suggest increas ed use o f higher 
fares for premium service in s uc h a r eas . 

7.9 1 Innovative Transit Fares. 
rh~ Municipality of Me tropolitan Seatt l e 
(Metro) has taken a number of steps to 
Ln c r ease tr a ns it usage in the Seattle area 
includin g the initiation of an annual ' 
~ctro P a ss whi c h went on sale October 14 
L9 74. The MetroPass cos ts $150 a nd all~ws 
t he indiv~dal unlimit ed riding privileges 
for a period of one year at any time on a 
: egular serv ice route through thr ee contig -
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uou s zone s. This is expected to be attrac
tive to suburban riders workin g in downtown 
Seattle. Metro i s encouraging busine sses 
to buy the pa ss as a fr inge benefi t, or 
permitting the employee to pay fo r the pa ss 
through payroll deduction s or by monthly 
payments. A MetroPermit, which sells for 
$4.00 per month, i s also avai l abl e and allows 
a customer to rid e for ten cents (ha lf the 
20-c ent base fare). 

In cooperation with the city of Seattle, 
Metro has be en providing a no-far e serv i ce 
in downtown Seattle s ince Septemb er 19 73. 
For the 10 -month period of September 1973 
throu gh August 1974, the c ity of Seattle 
paid ~letro Tran s it $64,000, in li eu of 
r eve ~ue of the same amount generated by the 
previous 10- cent s huttl e. Since i ni t iation 
of th e no-far e downtown service, lo ad in gs 
on bu ses on downtown routes ha s doubled. 

The City of Austin, Texa~ ha s initi ated 
monthly pa sses as an attempt to encourage 
Inc r eased us e of the l ocal bu s system. A 
"Shoppers Pass" costs $6 per month and is 
goo d for unlimited u se between the hours of 
9:00a.m. and 3:00p.m. and after 6:00p.m. 

7 .10 POTENTIAL IHPACT OF RIDE SHA RING PRO
GRAMS 

It should be re c ogn i zed that an aggressive 
program that IS effective in incre a sing 
auto occupancy can be expected to d e tract 
from transit ridership. Those individuals 
who fi nd carpooling and vanpooling accept
abl e s ub s titut es for th e traditional use 
of th e ir private auto are those who might 
be mo st likely us ers of improved bus tran s it 
service. It is probable that intensive 
efforts in organi zi ng a l arge numb e r of van
pools, will present some c ur rent transit 
rider s with a hom e- to-work travel option 
which will provid e a s upe rior l eve l of ser
vice a t a s im i l ar or l esse r cost. Carpool 
progr ams will have a simil ar effect, but 
perhaps to a l esser extent - particularly 
when members of th e carpoo l mu st take turns 
driving. llow eve r , there are num erous situa
tions wh ere the numb er of trips between given 
origins and destinations within the same time 
sc hedul e i s co ns id erabl y s hort of that neces
sary to provide a n economical tra n s it serv i ce. 
In these instances, vanpo o l s and carpools 
offer_the most c ost-effective and energy
efficient means of making the trips. 

S imil a rl y~ the tailored service provided by 
s ubscripti on bus operation may a l so detrac t 
from conv entiona l bus transit ridership. 
How ever, there are undoubt edly num ero us ma r 
kets i nvolvin g longer di sta nce home-to - work 
trip s that are not presently served by an y 
for m of transit which s ub scripti on se rvi ce 
mi ght effective l y tap. 

Thi s potential for s imult aneo us pr ograms 
paralleling co nventiona l bus tr ansit and 



carpools or vanpools to be counter-pro
ductive should be recognized at the outset. 
Attention can then be directed toward devel
oping concurrent vanpool/carpool a~d conven
tional bus transit programs that Wlll be the 
most cost-effective for the service area . 
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CHAPTER 8 
IMPROVING PUBLIC TRANSPORTATION 

SESSION OBJECTIVES: 

1. To ~eview the p ~inc ipal metho ds of im
plementing bus ~apid t~ansit and to 
identify majo~ p~oblems associated with 
each. 

2. To ~eview methods fo~ imp~oving u~ban 
t~anspo~tation th~ough p~efe~ential 
t~eatment of buses and othe~ high occu
pancy vehicles. 

3. To identify potential public t~ansport
ation service improvements. 

4. To discuss va~ious management and policy 
aspects of implementing t~ansit imp~ove
ments. 

8.1 INTRODUCTION 

The public sector of urban transportation 
involves two substanti ally different problems 
with respect to movement requirements - pro
vision of base level mobility and mass transit. 
Basic mobility i s the provision of some 
specified lev e l of mobility for those who are 
n~t able to provide their own private trans
portation . Thi s in itself involves a number 
Jf di fferent needs, problems, and service 
narkets suc h as the economically disadvan
taged, handicapped, those who cannot drive, 
~tc. Travel demand is for a small number of 
trips between a diverse number of locations. 
~ass transit, on the other hand, involves the 
novement of l arge numb ers of people between 
l relatively s mall numb er of given locations. 
lase l eve l mobility i s a response to a socia l 
teed. The nature of the low density travel 
>atterns involved results in relatively high 
tnit costs while the a bility of t he public 
.ransportation user to pay is relatively limited. 
'herefore, revenues will not be suff i cient to 
,ffset expe nses and some amount of s ub sidy will 
'e r equired; the higher the l evel of service 
'rovided, the larger the amo unt of th e total 
ub sidy required. 

~ss transportation costs, in the long run, can 
e covered largely from fares. However, if 
uffi cient revenues ar e to be generated to off
et expenses, major public issue s mu st be re
olved so as to reach cost-effective decisions . 
principal issue is the relationships between 

a nd u se ac tivity patterns and urban transport 
tion addr essed in Session 4. 

his session will review available forms of 
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urb an public transportation and explore op
portunities by which each might be improved 
or applied cost-effective ly . 

8.2 BUS TRANSIT IMPROVEMENTS 

The 1970 Census showed 247 metropolitan 
areas in the Unit ed States . The maj ori ty 
(some 222 ) are less than 1 million in pop
ulation ; bus system improvements offer 
the possibility of providing cost effective 
publi c and mass transportation in these 
citie s . Even in the nation' s 8 metropo
li tan areas which have or are committed 
to fixed rail systems, bu s transit will 
continue to carry a signi ficant portion of 
the total transit riders. I n the other 17 
urbani zed areas of over l ·mil lion population, 
bu s transit presents the po ss ibility 
for i mplement ati on of rapid transit service 
with i n the decade of the 1980's and perhaps 
in mo st cases in the 1990' s. 

8.21 Local Bus Transit. 
Buses curr ent ly carry about three-fourths 
of the total U. S. transit passengers. Buses 
usual l y achieve average schedule speeds of 
10 to 12 miles per hour (inc luding stops ) in 
peak periods and about 14 mil es per hour in 
off - peak periods . In highly congest ed urban 
areas such as Paris and Tokyo, average speeds 
are as low as 6 to 8 miles per hour . When 
operating closed-door over arter ial streets, 
speeds of about 25 mil es per hour are attained. 

He adways between buses might be as short as 
a few mi nu tes during peak-hours but l engthen 
to 30 minut es or an hour during midday. When 
ridership was much greater, transit routes 
were commonly spaced at one-mile intervals 
or less . However, as ridership declined, both 
rout e s pacing and headway s were increased. 

Traditionally, buses have picked up passen
gers at any street corner along the route. 
Commonly, shelters or · other amenities, are 
very limited or infrequently provided . 

In mo st developed corr idor s in existing urban 
areas, the potential transit demand is small 
and bus rapid transit offers a mean s of pro
viding a high level of service at much lower 
cost per passenger than the more capita l in
tensive fixed-way modes. Some of the advan
tages of bus transit include : 

• Buse s can operate over the existing street 
and freeway system. Therefore,bus systems 
can be implemented, and major service expan-



sions made in a relatively short period of 
time. 

• Buses can be used to provide charter or 
other se rvi ce wh en not need ed i n sc hedul ed 
service. 

• A relatively small numb er of passengers 
is ne eded in order to justify dispatching 
a bus; therefo r e, buses can service mor e 
diverse, l ow density transit tr ave l patterns 
than fixed·way sys t ems. 

• The undeprec i ated investment i s large l y 
sa lva gea bl e if service s hould be terminated. 

8.22 Bus Rapid Transit - Definition and 
Options. As the term impli es , Bu s Rapid 
Transit (BRT) is the provi sion of a r apid 
transit service, analogous to the RRT se rvice, 
utili z ing bus es as the rolling stoc k. The 
mode of op eration mi ght be : 

(1) Line-haul vehicles operating through 
stations to which passenge r s arrive by feeder 
bus, park-rid e, t axi, or by walking. 

(2) Th e same bus tha t provides th e coll ec
tion/distribution also p erforms the l i ne - haul 
portion of the trip . 

The fix ed-way for th e op eration of bu s rapid 
transit mi ght be provided in the fo llowing 
way s: 

• Exc lusive busway 

• Reserved freeway lane 

+ Contraflow 

+ Normal f low 

• Metered freeway 

8 . 22.1 Exc lusive Busway. The provision of 
specia l grade-separated roadways for the ex
c lusive us e of buses would al low BRT v ehi
cles to operate without interference of 
othe r traf fic . Howeve r , th e construction 
of s uch busways involves s ub s t anti a l expense; 
thi s limit s the cost-effectiveness of the 
concept unl ess transit riders hip i s excep
tionally hi gh. Th e l a rg es t volume of bus 
passeng ers on the exc lusive lane is carri ed 
on th e approaches to th e Lincoln Tunnel, 
where 33 ,000 pers ons are carri ed in 77 0 
bus es between 7:30 and 8:30 a. m. There are 
few other corridors in which there is a de
mand for a s many as 100 buses. A s ingle 
lane can accommoda te the se 100 buses plus 
some 1,000 automobiles and still yi e ld a 
service level of about 50 mil es per hour. 
This suggests that the cost-effectiveness 
of a busway can be improved s ub s tanti a lly 
by allowing hi gh-o ccupancy au to s to us e the 
fa cility. Such operation s hould enco ur age 
the formation and use of carpools. 
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8.22.2 Re se rv ed Freewat Lane. Und er this 
conc ep t, one l ane of areeway i s designated 
fo r use by the BRT vehicles. Since the num 
ber of buses per hour in existing urb an 
freeway corridors (except for the I- 494 ap
proach to th e Linco ln Tunne l in the New 
York City Met ropolit an area) cannot effec
tively utili ze the capacity on one lane, 
high occupancy automobiles can a l so be per
mitt ed to u se the reserved l ane, or lanes. 
Buses and h ig h occupancy vehicles might also 
be g iv~ n pr efe rential entry to the f r eeway 
via " excl usive " ramp s or allowing them to 
by-pass the queue of an ex i s ting r amp . 

Thi s technique mi ght be quickl y implement ed 
si n ce operational c hanges are i nvolved. How
ever, ther e ar e a variet y of important 
co nsiderations which mu st be properly dealt 
with; th ese inc lude the fo l lowing: 

• The concept of a reserved lane, or l anes , 
is potentially feasible on six, eight, or 
ten-lane freeways. It is not feasible where 
a single unre se rved l an e would remain for 
the use of other traf fic. 

• Th e inside (median) l ane is the logical 
choice fo r designation as the reserved lane. 
Use of the outside l ane as the reserved l ane 
would require that all nonpreferent ia l vehi
cles would hav e to weave through the reserved 
l an e on ent eri ng and l eavi ng the freeway. 
Since th er e i s no s pecific , identifiable di s
tanc e for which it would be reasonabl e for 
nonp referential vehi cles to occupy an out
side r eserved lane, it is hi ghly qu est i on 
ab l e if adequat e enforcement could be 
achieved. 

• Desig nation of the inside lane as the re
se rved l a ne, of course, means that the pre
ferential traffic (buses and carpools) would 
have to weave through the nonr ese rv ed lanes. 
Obviously, severe congestion i n th e nonre 
served l anes would block entry and exi t to 
and fro m the r eserved l ane (s). Construction 
of exc lu siv e l ef t-hand ramps would be an ex
pensive so lution . 

• Tra f fic lan es , vehicl es , and occup ants 
ex i st only i n discrete un its. This gives 
rise to discontinuiti es in the f l ow r egimes, 
as indicated in Figure 8.1. For examp le; 
co nsider a 4- l ane roadway (S - l ane freeway) 
with an average auto occup ancy of 1 .4 person s 
per vehi c l e and 2 l anes r eserved for bu ses 
an d hi gh occupancy aut os. The 2 un reserved 
lane s would be "j amm ed " unde r a l l auto 
occupancy condit ions. 

Therefore, it appears t hat the conditions a t 
each s pec ifi c location should b e carefully 
analy zed prior to a tt empting to implement a 
r ese rved freeway l ane f or carpools. 

• Enforcem ent of lan e use must be exercised 
over a continuous and substanti a l l ength of 
freeway . 



GOOD POTENT I AL 
NO POTENT I AL 
(RESERVE 0 LANE JAM WED) 

L IMITED POTENTIAL ~ NO POTENT I AL 
I LITTLE SPEED AO\'AHTAGE) ... (UNRESERVED LANE JAWWEO) 

LITTLE POTENT I AL 
(LARGE SH IFT REQUIRED) 

Figure 8 . 1 General Feasibility of 
Reserved Lane Concept 

Source: Cappelle, Wagner, and Hen s ing, 
Feasibility and Evaluation Study 
of Reserved Freeway Lanes for Buses 
and Carpools. 

8.22.3 Metered Fr eeway. Under the mete red 
freeway concept, bu ses are given priority 
entry to the freeway. If desired, hig h 
occupancy autos also can be provided prefer
ential entry. Other tra ffic ent er ing the 
freeway is metered so as to provide the 
desired l eve l of service ( speed). Enforce
ment is needed only at a few specifically 
id entified exclusive on - ramp s which are to 
be used only by buses and high oc c upancy 
autos. If necessary , gates ( similar to tho se 
used at r es trict ed parking lot entrances/ 
exits) could be installed. Such ga t es could 
be activated to allow passage of bus es , 
without s topping, throu gh man ua l activation 
from the co ntrol center or automatically by 
means of a bu s detector or by an on-board 
devic e . Carpool driver s could be is s ued a 
coded "pa ss card" Hhich would be inserted 
into a reading dev i ce located on the ramp to 
activate the gate. Closed circuit TV could 
be utili ze d to facilitate enforcement. 
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Experience has.shown tha~ traffic flow is 
significantly 1mproved w1th freeway control. 
As a result, travel time through the sys~em 
is reduced while average speed and capac1ty 
are increased. 

In most instances, 30 to 100 buses in t~e . 
peak hour will more than accommodate ~x~s~1~g 
potential trans1t patronage. Hence, 1n1t1a 
tion of a bus rapid transit operation at 
the outset of freeway surveillance and con
trol can be expected to meet potent1al pa
tronage demand and still.accommodate the 
existing vehicular traff1c volumes. 

Capital costs of converting an existing free
way to bus-freeway operations are estimated 
at about $95,000 to $125,000 ~er mile for 
such elements as detectors, s1gnals, TV 
surveillance, hard wire telemetry, and pro
vision of preferential bus ramps. Per -mile 
costs, of course, vary with the design of 
the freeway (especially the number of ramps 
which need to be controlled), the length of 
freeway segment to be controlled, and the 
design of the surveillance/control system. 

Representative costs that might be used in 
developing preliminary estimates for metered 
freeway - BRT are given in Table 8.1. 

8.3 EXAMPLES OF PREFERE~TIAL TREATMENT 

Mor e efficient utili za tion of urban freeHays 
and arterial streets can be achieved through 
prefer ential treatment of high occupancy 
vehicles - both transit and privat e . In com
parison with the alternatives of constructi0n 
of additional capacity for motor vehicles or 
fixed guideway systems, implementation can be 
accomplished both quickly and inexpensively. 

8.31 Separate Roadways For Buses and Carpools. 
A 2-lane busway was constructed on an 11-mile 
segment of the San Bernadino Freeway between 
El Monte and the Lo s Angeles CBD. Cost, in
cluding 100 new buse s wa s $60-million. Bus 
patronage increa se d from 1800 daily riders in 
1973 to some 15,000 in 1976; 92% are for IVOrk. 
Implementation of th e bu sway did not result 
in a dec r ease in peak hou r auto traffic. 
Tran s it vehicles enjoy a 10-minut e or mor e 
saving in travel time. 

The busway located in the median of the 
Shirley Highway in the Northern Virginia 
suburbs of Washington, D.C., has 2 reversi
ble lanes. This 11-mile busway was implement
ed in stages with completion in 19 71. Vehi
cles using the preferential lanes achieve a 
time saving of 10 to 15 minutes over other 
traffic. Daily transit ridership has reached 
25,000 passengers in each direction carried 
in over 350 buse s ; this represent s a 6-fold 
increase since the preferential lanes were 
opened. In December 1973, use of the prefer
ential lanes was extended to autos with 4 or 



TABLE 8 .1. Functional Unit Costs For Metered Freeway-BRT System 
(197 1- 72 Doll ars) 

SEGMENT CONTROL SYSTEM OTHER FI XED FACILITIES 

Cost per Cost per 
El ements Segment El ements Segment 

detectors 
per ramp signa l s $ 1 7 , 20 0 

p lu s per mil e telemetry 46,900 park a nd ride lot s $ 48,000 
she l ters 
bus ramps 

plus per sys tem co mput e r 860 ,000 contro l center 600,000 
telemetry equipment buildi ng 
disp l ay equipment office furniture 
se r vice equipment 

The estimated cost of a 30 -mil e system having 32 on-ramps would be estimated at : 

Total Es timated Cost = (32 ramps) ($17, ZO O/ ramp) + (30 mile s) 
($46,900/mile, control + $48,000/mile, 
ot her facilit i es) + ($860,000/sys t em, 
cont r ol + $600 , 000/system, other facilities) 

= $448,000 + 2,847,000 + 1, 460,000 
= $4 , 775 ,000 fo r 

of buses 

more occ up ants without adverse effect on th e 
buses. The number of carpools usi ng the fa
ci lit y each morning increased from ZOO to 
1,000 in the first ye ar. 

8.32 Reserved Contr~- f loK Lanes. Pref er en
tial treatment might be afforded to buses by 
providi ng contra-flaK operation on urban free
ways Kher e imbalanc e in traffic in the 
di r ection of minor flow during eac h peak 
period. Remova l of the buses from the regular 
traffic lanes also enhan ces traffic flow -
especia l l y wher e up -h ill grades are encounter
ed. Experience with contra-flow operatio n s 
indicate that time savi ng s of abo ut 1 .0 to 
4 .0 minutes per mil e might be ac hi eved . Th e 
maximum saving is on the Long I sland Express
way where the time sav in g to the buses i s 
7.5 minutes per mile over other traffi c . 
Cap i ta l costs seem to be in the range of 
$50 ,000 per mi l e wi th annua l ope r ating costs 
of $14,000 to over $50 , 000 per mile. 

Buses usin g t he 2 .5-mil e section of I -495 
save betKeen 10 a nd 15 minut es. The 40,000 
passengers on 950 buses eac h 2- hour peak 
period (5 7 ,000 total daily pa ssenge r s eac h 
directio n ) represent the highest bus pa ssenger 
vo lum e observed anyKhere. 
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a 30 mile system exc lu s i ve 

Contra-flow operation on t he Long I sla nd Ex
pressway in New York City was initiated in 
October 19 71; start- up cost wa s $100,0 00, 
and operating co s ts are $500 per day . The 
10, 000 peak period pa ssengers 1n LOO buses 
save up to 1 5 minutes over t he 2- mil e segment . 

In order to improve the evening peak period 
flow, co n tra-flow operation wa s initiated on 
5 miles of U.S. 1 01 north of the Golden Gate 
Bridge. An 80 - 20 sp l it enab l es t he use of 
one of the 4 lanes in t he direction of minor 
flow to be used as a buffer between the con tr a
flow bu s l ane and norma l traffic. Time savings 
range from 8 to 20 minutes. 

8.33 Rese r ved Norma l Flow La nes. Experience 
with n orma l flow reserved freeway l anes 
(diamond l anes) has bee n gained through 
various prefe rential appli c ation acro ss 
th e co untry. Where additiona l capacity was 
not provided prior to implementation of the 
diamond lane, such as the Sa nta Monica 
Fr eeway in Los An ge l es, substantia l adverse 
rea c tion has resulted . Costs have ranged 
from $11 ,000 to over $2-million per mile 
for construction; no operati ng cos t data are 
available. An expected tim e saving ap pears 
to be about 1.0 minute per mile . 



A reserved lane was implemented in a 2- mil e 
sect ion of I-280 in San Francisco in October 
19 75; operation i s from 4:40 to 5:40p . m. 
The r eserved lanes save 2 to 3 minut es over 
the non -reserved lanes on whi c h travel time 
i s about one mi nut e longer than before 
implementa tion of the reserved lane operation. 
In view of the low volume, 14 buses and 189 
carpoo l s ( 3 or mor e per son s ) , it is perhap s 
not s urprising that violators were 80% wi th 
out enforcement . Di li ge nt enforcement r e
duc e d violations to 16 % of the traffic in 
the reserved lane. 

Th e reserved lan e on the Manualua Freeway 
ex pe rience d a 10% violation rate with "normal" 
enfor cemen t. The r ese rved lan e is in 
operation 24 hour s a da y and carries some 
1,300 carpoo l s (3 or more persons) and 11 
bu ses in th e peak period. The fr eeway was 
reconstructed to pro vi de additional l a nes; 
these l anes were co nvert ed to "diamond lane" 
operations prior to op e nin g. Th e additional 
cost for this conversion wa s $36,500. 

Th e diamond lane wa s opened on 1 2.5 mil es of 
t he Santa Mo nica Freeway on Mar c h 15, 19 76; 
metering was also impl emente d on the on - ramps. 
Trave l time for traffic u si n g the freewa y was 
not charged while ve hicl es in the diamond 
lane achieved a 0.4 mi nut e per mil e sav ing . 
Substantial negative reaction resulted, a nd 
the reserved l a ne operation was terminated 
(additional environmental impact studi es were 
al so ordered) under co urt order on August 9 , 
19 76; the ramp meteri ng was not covere d by 
the cou r t order and continued in op e r at ion . 

During the 21 weeks of operation the number of 
carpoo l s increased by 2 . 5 times, and tran s it 
ridership tripled. Durin g th e 21s t week, the 
diamond lan e car ried 16 . 9% of the persons 
usi n g the freeway in the peak period as 
com p are d to 6 .3% before the lane was ope ned . 

The Banfield Freeway (Portland, Oregon) was 
reconstructed fro m 4 to 6 lan es with the added 
lan e in each direction designated as reserved 
for buses and carpoo l s in the morning and 
evenin g peak periods . Althou gh there was an 
extensive pre - implementation information 
effort, some negat iv e r eactio n to the diamond 
l an e was voi c ed . This a nd the 30% v iolation 
rate ma y be du e to the r e lati ve ly low utiliza
tion - 23 bu ses plu s s om e 1 20 carpools (3 or 
more per so n s) in t he a.m . peak hour and 32 
bu ses plus about 200 carpoo l s in the p . m. peak 
hour . The reserved l ane r esult ed in a 0 .8 
ninut e per mil e savi n gs to ve hicl es usin g it , 
an d car pool s ha ve in creased f rom 3% to 5% of 
the total traffic usi ng the freeway in the 
peak hour. 

1.34 Example of the Metered Freeway BRT 
:oncep t. Impl ementation of preferential bus 
;ervice on I -35 W in Minn eapo li s represents 
: he first BRT operat ion utili zi ng th e bus
' r eeway c oncept . Tota l cos t of the 14 -mil e 
;ystem, ba sed on the accepted co nstruction 

8-5 

bid s, is $2, 197,8 00; a s ummary, indicating 
the majo r e l ement s of the system, i s given 
in Table 8 . 2. 

Ridership at the maximum load point i s curr ent
l y 3,5 00 pa ssengers per day in eac h direction
mor e than a 3-fo ld increase. Serv i ce on the 
16 routes which pr esentl y operate over I -35 W 
is pro vi d ed by 75 bu se s in the 6:00 to 9:00 
a.m. period, and by 76 bu s es in the 4 : 00 to 
6:00 p . m. yeriod. 

Tabl e 8.2. Summary of Cost for the Traffic 
Management System Implemented on 
I-35W, Minneap oli s 

Detect ors and Ramp Control $922,7 00 

Closed Circuit TV $3 03,5 00 

Computer Sub system $308,900 

Teleme try Equipment $23 4 , 000 

Monitor and Di sp lay Equipment $ 52,8 00 

Servi ce Equipment $ 86,000 

Control Center $277, 000 

Source : Minne s ota Hi ghway Department 

General traffic benefits resulting from th e 
implementation of th e metered f r eeway - BRT 
operation on I -35W is evidenced by the 
change in traffi c conditions during the one
hour period of heavie s t traffic (6:50 to 
7 : 50) . 

Before and after data for t hree bottl eneck 
locations are given in Table 8.3 . 

Peak hour traffic volumes through these 
bottlenec k locations were increased by some 
20 percent, while speed s were simult a neo u s
ly increased s ome five to ten mil es per hour. 
Traffi c volumes of 2, 000 vel1icle s per hour 
per lane for the one - hou r period, 6:50 to 
7:5 0a . m., hav e be en obtained at al l three 
locations. 

However, the mo st dramatic improv ement ha s 
b ee n on that segment of the sys t em f rom 
Minn esot a Trunk Hi ghway 13 to the Minnesota 
River. Prior to control, traffic volumes 
never exceeded 3, 400 vehicles per hour; 
after control, t he peak hour vo lume ha s never 
been be low 3,5 00. Trav e l time over the 
two-mile segme nt was reduced from some 6 . 7 
minut es to about 4 .7 minut es. Whil e part 
of this 2- minut e sav ing for auto s is con
sumed by additional waiting time at the on 
ramps, it r eprese nt s a significant i mprove 
ment in the leve l of transit service. 



TABLE 8 . 3 . Traffic Condit ion s at Bottleneck Location s on I- 35 
Befor e and After Implementation of Bus Rapid Transit 

!'\umber of 
Lo c ation Traffic Lane s 

~ l inn e haha Creek 3 

East Junc tion of I - 3 5\\ 
and Cr oss toh·n Fn:·eh·a;· 2 

r- linn esota Ri ,-er 2 

S . 3S Pri o rit; Acces s . Prefe r e nt ial en trv / 
exit on freeh·:l,·s and -at tol l p l a:as ca n al so 
be prov ided for bu ses an d hi g h occupancv 
autos . In Sea ttle, bu ses ope rat e in mixed 
tra ff i c usi ng the re\· e r sib le lan es o n I - 5. 
Buses us e an e xc lu si v e ex it ramp \\hi c h feed s 
into a speci:Jl c ircul a ti on loop in the do \\n 
to\\n area . I n the evening the operatio n is 
r e 1·ers ed and th e ram p pro1·ides cxclus i \· l' 
c nt1·v fo r th e buses . Some 1 0 , 000 dailv 
pass~ n ge r s r ide the buses usin g this e~
clus iv e r amp . Similar p r efe renti a l ope ra 
tio ns might be co nsi de r ed \\her e close l;· 
sp aced ramp s alreadv ex ist , or \\h e r e th ey 
ca n be in e xpen s ivelv pr ov i ded. 

In Los .-\ngeles se\·eral b;·-pass lan es are 
pr ovided bv buses at mete r ed fr ee " ay on
ramps; 2 s uc h by-pas s lan es to I--105 \\ ere 
implemented fo r carpool s . The se e xp e rimental 
b;·-passes fo r c:1rpools util i:e th e s houlder 
bv restripin g and s ignin g . Aut os hith 2 or 
more occupants mav use thes e lan es ; sav ing s 
of - t o 9 minutes are :1c h ie1·ed over the 
s in g l e occ u pant ,-ehicles Jt th e me t e r ed en
trances . At one lo ca ti on, the by-pa s s lane 
c:1rr ied -16 0 c arpo o l s in th e afternoon peak 
(a ~bS percent in c r ease) . Th e numb e r of ca r 
pools us in ~ :tnothe r ram p J oc :1t i on eac h mo rn-
ing increased b;· 13 6 perce nt ( t o 35 -1 ) in the 
first month of onerat io n. Plans ca ll fo r 
implementati on of metering on 2 , 000 r amps in 
th e Lo s Angeles ar ea. 

In the Sa n Fr:1ncisco area , 3 o f th e 1 7 lanes 
on the Oa klnnd Ba,· Brid~e hil\'e been reserved 
fo r buse s and ca rs hith 3 or more occupants . 
Buses us e one of the l a nes hithout s topping 
(the tran s it company is bil l ed dir ec tl y ). 
Monthlv passes are avai l able to carpoo l e rs 
at reduced rat es . Thi s pa ss is di sp lay e d 
on the hind s hi e ld and p e rmits the carpoo l 
"non s top " pa ssa ge through the toll ga te. 
Over 20,000 pa sse nger s on 520 bu ses and 1,300 
ca rpools sa ve a minimum of S minu tes eac h 
morning. 

BEFORE \liTH BRT OPERATIO!\ 

A\·erage A1·erage Average Average 
Vol ume So ee d \'olume Sp ee d 

4-100-5500 25 mph 5700-5900 30 -35 mph 

280 0-3300 20 mph 3700-3800 30-35 mph 

2800 -3400 3600-3800 
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8. 4 PREFERENTIAL TREATMENT ON CITY STREETS 

The capa c ity of one l ane of an art er ial 
s treet. us in g curb- s ide s top s , i s \\ e ll o1·er 
100 bu ses per hour. This numb er of buse s i s 
more than s ufficient to accommodate poten
tial transit travel demands in all but the 
most den se ly travel ed co rridor s in the 
nation' s la~gest cities. Thi s s ug ges ts that 
thoro ugh consideration and s i gnif i cant 
effort s hould be direc ted toward improvement 
of the tran s it se rvi ce prov id ed over the 
city s tree t system . 

The follo\\ing variou s possible type s of im
provem ent s are li sted in their approximat e 
order of e ffectiv eness in providing incr eas
ed leve l of service. It sho uld be noted 
that th e values pre sent e d for bu s lanes, 
median bu s lanes, and bu s only s tre e ts are 
based on judgment and s pecific application s . 
Therefore, they should be int e rpr eted as 
indicative only; a s pec ific pot ential appli
cation s hould be eva lu ated g i ven the parti
cular local circumstances . It s hould be 
further noted that nei ther FHWA or UMTA have 
\\arrant s for bus lane application s at this 
time. 

8 . 41 Preference in Sig ning. At intersection s 
hhich have a 2-\\ay stop . the sto p sig ns mig~t 
be po si ti oned on th e intersect in g st reet in 
s tead of th e st r eet over hhi ch the bus is 
rout e d. 

8 . ~2 Pr efe ren ce at Traff i c Sign a l s. Kh en a 
bus approaches a s i gnali: e d int e r sec tion, 
th e green pha se can :'e either exte nd ed or 
adva nce d so as to a l lO\\ the bus to clear th e 
inter sec t io n \\ithout s topping for the s i gna l. 

8 . 43 \ormal-flo" Curb Bus Lan e . Curb l a nes 
for bu ses operating in the dir ec t io n of normal 
traffic flo" are r e l a tively ea sy a nd inexp e n 
s i ve t o implement. In a r eas \\h e r e the volume 

- -------~ 



of buses i s sufficient to utilize a major por
tion of the capacity of the curb lane, the 
operation will be somewhat self-enforcing. 
However, when the lane carries a small number 
of buses per hour, private vehicles will 
attempt to use the lane, and enforcement pro
blems result. 

General Applicability. 1,200 to 1,600 
passengers or more per hour, one-way desir
able; two other lanes of traffic in same 
direction 

Capacity. 120 buses per hour 

Typical Capital Costs . $3,000 to $6,000 
per mile 

Potential Benefit . time saving 1.5 to 5 
m1nutes per m1le in travel time 

8.44 Contra - flow Curb Bus Lane . Operation 
of buses 1n the oppos1te direction to normal 
traffic flow on a one-way street enables the 
buses to utilize unused capacity where there 
is an imbalance in peak period traffic. 
Such bus lanes are largely self - enforcing 
and provide higher operating speeds than 
normal-flow curb lanes. 

General Applicability . 1,600 to 2,400 
or more passengers per hour one-way desir
able; at least two other traffic lanes. 

Capacity. 120 buses per hour 

Typical Capital Costs. $4,000 to $100,000 
per mile . 

Potential Benefit . time saving of 1 . 5 to 
6.5 m1nutes per mile. 

8.45 Median Bus Lane. Bus lanes can be pro
vided in the median of wide, multi - lane 
divided streets (e.g., Canal Street in New 
Orleans) . Separation of the buses from other 
vehicular traffic along the same arterial 
eliminates this source of traffic friction 
and increases transit speeds. Bus preemption 
of signals (or progression for expediting 
transit if the number of buses warrant) can 
further increase transit speeds by reducing 
delay due to cross traffic at intersecting 
streets. At bus stops, islands separating 
the median bus lane from the adjacent traffic 
lanes must be wide enough for passenger 
safety. 

General Applicabilit* . 2,400 to 3,600 or 
more passengers perour one-way desirable 

Capacity. 120 buses per hour per lane 

Typical Capital Costs. $15,000 to 
$100,000 per mile 

Potential Benefit . 1.5 to 6.5 minutes 
per mile saving to buses 
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8 . 46 Bus Only Streets. Streets for buses 
only provide the most effective means of 
separating transit vehicles from other 
vehicular traffic and are easily enforced. 
When designed as part of an overall improve
ment of an existing street, other elements 
such as widening of sidewalks can provide fo~ 
increased pedestrian capacity and other ameni
ties (e.g., Nicolett Mall, Minneapolis). 

Genefal Applicability. 3,600 or more 
passengers per hour one-way; ability to 
serve adjacent buildings in off-peak (at 
night) or from alleys and other streets. 

Capacity . 120 buses per hour per lane 

T¥1ical Capit~l Costs. 
mi lion per mile 

$500,000 to $2 

Potential Benefit. 1.5 to 8 minutes per 
mile saving to buses 

8 . 5 OTHER STREET IMPROVEMENTS 

Various other street improvements can be made 
which will enhance the quality and level of 
transit service . Some can be provided at 
modest cost; others require that consideration 
be given to buses in design and reconstruct
ion. These include the following: 

8.51 Pavement Surface Condition and Drainage 
Features. Irregular pavement surfaces which 
feel comfortable to the passenger and occu
pant provide noticable rough rides on modern, 
well maintained transit buses . The quality 
of the pavement necessary for a smooth bus 
ride is higher than that needed for a comfort
able auto ride. 

Depressed curb lines extending through the 
intersection to facilitate surface drainage 
necessitates that a bus decrease speed (more 
than an automobile) when traveling on the 
street perpendicular to such a drainage line. 
This causes a noticable effect on the quality 
of the transit service by virtue of the ap
preciable reduction in speed and an uncom
fortable "jolt" as the front the rear axle 
crosses the extended gutter section. 

Also, drainage inlets commonly are located 
and designed so as to cause a noticable and 
uncomfortable vertical and horizontal motion. 
Offsetting the inlet behind the curb line so 
as to eliminate the "dip" in the outside 
wheel path will eliminate this problem. 

8.52 Increased Curb Return Radii. Curb re
turn radii (5 to 15 feet) commonly employed 
are grossly inadequate for city transit 
coaches. Radii on bus routes should be in
creased so as to allow a bus to make a right 
turn without the need to enroach upon the 
on - coming traffic lane(s) and/or for the right 
rear wheels to "jump" the curb. 



8.6 IMPROVING BUS SERVICE IN DOWNTOWN AREAS 

Improvements to transit s~rvice mu s~ be con
tinued into the downtown 1f the ma x1mum total 
benefit is to be gained from priority treat
ment and other improvements on the line-haul 
portion of the trip. Downtown improvements 
which have been 1mplemented 1n different 
cities to improve traffic flow and bu s service 
include: 

Prohibition of parking 

Restriction of curb lanes for use of buses 
and right turning vehicles 

Designation of bus only lanes, either the 
curb lan e or in the s treet median 

One -way streets 

Improved intersection channelization 

Preference at signalized intersections 

Incorporation of a bu sway within a mall 
or auto free zone. 

In many cases, bus lanes operating in the 
normal direction of traffic flow are s hared 
with right turning vehicle s and/or taxis. 
Travel time for buses might be reduced by 5 
to 40 percent, with savings averaging about 
25 percent; traffic speeds in the adjacent 
lanes increased about 10 percent. Buses 
sharing the curb lane with right turning 
traffic gained an 87 percent increase in speed 
during the afternoon peak while traffic s peed 
in the other lanes incr ea?ed 22 percent. 

Exclusive lanes for buses hav e been developed 
on the downtown portion of Canal Street in 
New Orleans. Contra-flow lanes have been 
implemented in San Antonio, Chicago, Louisville, 
Harrisburg, San Juan, Seattle, and Kansas City. 

In areas having high bus volumes, entir e blocks 
might be converted to the exclusive use of 
bu ses such as on a one block section of streets 
in Washington,D.C. This so lves many of the 
problems involved where severa l routes and 
the use of adequate bus stop signs will fur
ther facilitate bus mov ement and passenger con
venience. 

An exlusive bus s treet was incorporateed into 
the design of Nicollet Mall in Minneapolis. 
Chicago ha s also implemente d an exclusive bus 
s treet. In Portland, some 77,000 passengers 
are carried on 7th Avenue which is restricted 
to bus only use; however, temporary access 
is provided to so me adjacent properti es while 
alternatives are being implemented. 

Further improvement in bus movement through 
downtown areas might be achieved through 
traffic control measures. Such techniques 
might include : permitting buses to make left 
turns at restricted intersections during 
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peak periods, signal preemption ~y ~x~ending 
or advancing the green p~ase at 1~d1v1dual 
intersections or area-w1de trafflc c ontrol . 
The computeri~ed system controlling 111 in~ 
tersections in downtown Washington, D.C., ln
corporates a bus priority control s~rategy .. 
Some 500 buses have been equipped w1th spec1al 
transmitters which activate detectors at 
se lected intersections. 

8. 7 OTHER TRANSIT-RELATED IMPROVEMENTS 

If transit is to be made mor e competitive 
in attracting the urban trip maker, his 
portal-to-portal needs mu s~ b e satisfied,and 
the service must be conven1ent and depen~able. 
Transit service can be enhanc ed by a var1ety 
of amenities and support features. 

8.71 Park-Ride and Terminal Facilities. 
Fringe and remote park1ng prov1des a means 
of collecting patron s at points so that 
reasonable load factors and, hence, costs 
per passenger can be achieved. Park-ride 
lots are especial l y appropriate where com
muters and other trip makers from low densi
ty residential areas have desir es for travel 
to high density focal points such as a cen
tral bu siness distri ct or concentrated em
ployment centers. In s uch situations, a bu s 
ha s a very low productivity rate (pa ssengers 
per mil e) and is hence uneconomi cal for 
collection/distribution at the residential 
end of the trip. On the other hand, a bus 
with a hi gh load factor makes much more ef
fective use of the limit ed capacity in the 
densely developed area. 

Parking frequently can be obtained in church 
and shopping center parking lots. Use of 
s uch existing parking is especially advant a
geous for immediate implementation programs. 
Large s hopping centers typically have unu sed 
s pace at the fringe of their parking areas -
except perhaps during the Christmas s hopping 
period. However, peak demand during this 
holiday period is characteristically in the 
evenings and on weekend s which do not conflict 
with use by weekday commuters. In return 
for u se of the parking spaces, the shoppi ng 
center receives publi city and additional 
busine ss. In Milwaukee, the shopping center 
names are used as route designations. In 
northern climates , there may be an additional 
advantage in snow removal. In Minneapolis, 
for example, the Minnesota Department of 
Highways plows the access to the park-ride 
areas. Following an overnight snow fall, 
the highway department snow plows are out 
before the commuter trip s begin and well 
before the shopping center management would 
begin clearing snow. Therefore, access is 
c lear for ear ly arriving employees and s hop 
pers. 

Park-ride lot s should be easy to find and be 
located so that the bus need travel only a 
very s hort distance off the route to serve it. 
Trail blazer signs should feed the first-



time user to the park-ride lot conveniently 
and without confusion. Where the parking 
for transit patrons is within a large parking 
area, such as at a shopping center, signing 
should clearly indicate the specific location 
of the spaces devoted to the park-ride oper
ation. 

Where the volume of passengers is sufficient, 
off-street bus terminals eliminate the 
pedestrian-vehicle conflicts and restrictions 
to traffic flow associated with curb-side 
loading and unloading. Properly designed 
terminal buildings provide a safe, comfort
able environment for waiting passengers 
where they are protected from rain, wind, and 
extreme temperatures. They also eliminate 
the sidewalk congestion involved where large 
numbers of passengers board. 

8. 72 Marketing and Customer Services. Other 
customer services and amenities which can be 
utilized to attract ridership to public trans
portation include marketing programs, conven
ient schedule information, and shelters. 
Provision of route and schedule information 
which is readily available to riders and po
tential riders is an important aspect of pro
moting transit use. Aggressive marketing 
programs might be effectively employed to 
extend the exposure of this information be
yond the current ridership. For example, 
Dallas Transit System (DTS), in cooperation 
with downtown restaurant operators, used the 
theme " take a free bus to a free lunch." 
The idea was that the " free sample" would 
expose a number of nonriders to DTS and that 
some of these individuals would subsequently 
choose to use the bus service. The restaur
ants participating in the program also hoped 
to attract new clientele through the program. 

Route and schedule information must be easily 
understood and readily available if potential 
riders are to be encouraged to use the trans
it service. 

Distribution of pocket - size route maps and 
schedule cards, erection of route markers and 
bus stop location signs, provision of route 
maps at bus stops which display the route 
and schedule information relative to that 
specific location are approaches which have 
been employed. Chicago, Los Angeles, Boston, 
and Erie, Pennsylvania, are cities where new 
bus service information signs which display 
schematic route maps, stops, fares, times, 
and other information have recently been pro
vided at bus stops. 

Provision of route and schedule information 
in Braille will assist blind passengers in 
using the system. Golden Gate Transit pro
vides route information in Braille on bus 
stop signs while Topeka and Wichita, Kansas, 
as well as Philadelphia, have schedules avail
able in Braille. 
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A customer information/service center which 
riders may call for route and schedule infor
mation can be helpful in attracting riders 
who are not familiar with the system. Advice 
as to where and when to catch the bus and 
where to get off can be especially helpful to 
the occasional rider. 

Dependability has been found to be an impor
tant attribute of transit service. Automatic 
vehicle location and monitoring systems can 
be employed to monitor vehicle schedules; 
Chicago has implemented such a system and one 
is being planned for Atlanta. Integration 
of a vehicle monitoring system into a passen
ger information system could provide waiting 
passengers with current information as to 
route, arrival time, etc., at major stops. 
Automated announcement boards with change
able messages are planned for the 69th 
Street terminal in Philadelphia to provide 
passengers through this busy terminal facil
ity with information which will alleviate the 
confusing conditions and make more orderly 
boarding possible. On-board visual and/or 
audio messages might also be used on buses to 
advise passengers of the next stop. Such 
messages may be similar to those currently 
used on the BART system in San Francisco and 
on AIRTRANS at the Dallas-Fort Worth Airport. 

Properly designed and adequately maintained 
bus shelters can improve the quality of the 
transit service by making the waiting period 
more pleasant - especially on cold or rainy 
days. 

Fare structures and collection procedures can 
also be used to yield improvements in transit 
service. In addition to the security advan
tages, the use of exact fares and tokens 
speed passenger boarding and shorten delays 
at bus stops. Prepaid fares have a similar 
advantage; they also provide opportunities 
for convenient payment through payroll de
duction plans, such as in Pittsburgh and the 
John Hancock National Life Insurance Company 
in Boston. Collection of fares prior to en
tering the transit vehicle (as is common 
practice on rail systems) frees the driver 
of the fare collection task and further 
speeds the boarding process. Such practice 
is feasible at park - ride lots and where a 
single system-wide fare is in effect . 

8.73 Taxi Service. Taxis constitute the 
only form of public transportation in many 
urban areas. Nationwide, there are approx
imately 7,200 select operators plus thou 
sands of individual owner-operators providing 
service in some 3,300 communities. Most 
cities over 100,000 (95 percent) require the 
use of meters to compute fares. Of the 
smaller urban areas, 65 percent require the 
use of meters, 24 percent have zone rates, 
and 9 percent have flat rates; the remaining 
2 percent do not regulate fares. 



While tran s it has been a heav ily s ub si dized, 
public - dominat ed industry, taxicab op erations 
hav e remained a highly comp et itive, privately 
owned and operated indu stry. Very few tax~
ca b compani es receive a ny fo rm of subsidy 
or fi nanci a l assis t a nce from any l eve l of 
gove rnment; l ittle co ncern or attention has 
been devot ed to the probl ems or natur e of 
the taxicab bu si ness. As s uggested by the 
informati on presented i n Ta bl e 8. 4, taxi-
cab operatio ns mi ght be made more productive 
through efforts to increase pai d mil es (only 
about ha l f of the total mi l es are paid mile s) 
and/or increasing th e numb er of passengers 
per trip (th e ave rage of 1. 3 is approximately 
the same as private auto occupancy for work 
trips). Suc h efforts would be he lp fu l to 
two groups which have r eceived increased 
attention in recent years. The e ld erly (60 
yea r s o f age and over) whn make ahout 22 
percent of t he total taxi trips and low in
come f amili es (l ess tha n $5,000 annual in
come) who ma ke over 25 percent of the taxi 
trips. 

Recogn i t ion of taxicabs as a viable for m of 
urb a n public transportation and int egra tion 
of taxicah servtce lnto t he planning, pro
gramming, and f unding pro cess will be neces 
sary to increase their effect iv e ness . Ex
clus ion of taxis to date appears to be for 
traditional a nd political reason s rather than 
l ega l constraints. The fo llowing approache s 
might be considered i n improving taxicab 
service: 

• Alternative uses of th e taxi and inter
modal coordination ( s uch as smal l package 
deli ve r y, feeder serv i ce, etc.). 

• Implem ent ation of modified ordinances and 
fare policies, and s har ed r id e options to 
en co urag e increased pa ssenger loadin gs 

• Co nsiderat i on and evaluatio n of using 
taxicabs to serve different segment s of the 
public transportatio n needs (handicapped, 
court-o rd ered access to medica l serv i ces, 
a nd other programs wh ere t he practice has 
been to provide spec i al n eeds usi ng sma ll 
vehicles). 

8.8 IMP ROVEMENTS TO RA IL RAP ID TRANS I T 

The scope of this course does not exte nd to 
the coverage of the various form s of fixe d 
guideway mass transit since they do not i n 
volve operation on the urban stree t a nd f r ee
way sys t ems. Much of the passenger traff ic 
carried by rail rapid transit systems oper
ating and under construction in the United 
States will utili ze th e auto or some for m of 
r ubb e r - tir ed transit at one or both e nd s of 
t he rail transit trip. 
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TABLE 8. 4 : TAXI SERVICE CHARACTERISTICS: 
MEDIAN VALUES 

Mile s per trip 
Percent paid mile s 
Passengers per trip 
Trips per man - hour 
Receipt s: per trip 

per man-hour 
per mile 
per paid mil e 

Phone orders per 9 hour 
shift 

Percent o f trips from 
phon e order 

Driver commi ss ion per 
man - hour 

5.85 
49.5% 
1. 3 
2. 15 

$1.95 
4.13 

$0 . 30 
$0.66 

16 .5 

88.2% 

$1.79 

Rail rapid tr ansit (RRT) is the mo st capit a l 
intensive form of urban transportation. 
Cos t s in s ubway construc tion exceed $3 D
mi l l ion per mi l e ; even with relative l y low 
cos t at-grade and e l evated const ru c tion per 
mil~ costs are commonly $10-million or mor e. 
Total capit al costs range into the billions 
(BAR~ $1. 5 billion : Was hington Metro i s esti
ma t ed to exceed $3.5-billion). With s uch 
ma ss iv e capi tal requir ements a nd l arge-sca l e 
construction, impl ementa tion time fo llowing 
a decision to build a sys t em exceeds 10 
years. 

Further, suc h large investments involve s ub
stant ia l costs when the a lt ernati ve uses fo r 
the inv estment are considered. At today ' s 
prime int eres t rat es and a long-term recovery 
peri od such as 50 years or mor e, eac h $1-
billion investment represents an opportunity 
cos t of over $70 -million p e r yea r. Pr es uming 
that BART could pay operat ing expenses out of 
the far e box (most people be li eve it cannot), 
the $1. 5-bil lion represents an equiva l ent 
annual expenditur e of over $100-million. 

With the high capita l costs, RRT mu st achieve 
high dai ly riders h ip in order to ac hi eve low 
cos t s per passenger served. In view of r e l a
tiv e l y low gro ss popul ation densities of U. S. 
cities (typica lly 2,700 to 6,000 persons per 
squar e mile compar ed to, for examp l e, 27, 000 
in Toronto), a large numb e r of RRT trips will 
involve a change in mode of tr avel . Fee der 
transit se r vices and park-ride facilities of
fer some potential for improving RRT rider
sh ip . 

Provision of park -ride lot s to faci litat e 
passengers ' transferring between auto and RRT 
will mak e the rail line-haul transporta tion 
mor e attractive for r esi dents of outlying 
l ow de ns1ty areas. Feeder bus, taxi, dial
a-r ide, and kiss-ride provi de f urther options 



for improving RRT usage. The transfer point 
must be designed to provide for movement of 
pedestrians and the various private and pu
blic transport vehicles. Coordination of 
routes and schedules between the feeder and 
line-haul services is required if ridership 
IS to be developed to its full potential. 

"Stored-value" tickets which may be purchased 
for a specific amount, or a specific time 
period, stimulate more frequent use than 
when the fare is paid in cash for each trip. 
RRT systems are particularly well suited (by 
virtue of the limited number of stations) for 
computeri z ed fare collection systems which 
can enhance the utility of prepaid-stored 
value tickets . Without delaying the fare, 
the computer subtracts it from the previous 
balance, and prints out the remaining value 
of the ticket . 

Provision of convenience shopping opportuni
ties in the terminal area can make it less 
time-consuming for passengers to pick up need
ed personal or household items without the 
need for an additional stop . While this does 
not affect the transit trip per se, it does 
contribute to a greater orientation of acti
vity patterns toward transit. With proper 
attention to detail, these convenience retail 
establishments can be situated to serve the 
adjacent residential area as well, and there
by contribute to their economic viability. 

8.9 FUNDING TRANSIT IMPROVEMENTS 

Recent changes in the Capital Grants Program 
administered by the Urban Mass Transit Ad
ministration increased the permissible feder
al funding from two-thirds to 80 percent. 
However, the local contributions will un
doubtedly continue to place a substantial 
burden on the financial structure of the 
local area . 

TABLE 8.5. Local Sources of Capital 
Improvement Funds, 1971 

General Fund 

General Obligation 
Bonds 

Property Tax 

Sales Tax 

Utility Funds 

Loans 

Payroll Tax 

Bonds (Other) 

City 

X 

X 

X 

X 

X 

X 

County 

X 

X 

X 

Transit 
District 

X 

X 

X 
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8.91 Sources of Capital Improvement Funds. 
The American Transit Association survey of 
United States transit properties found that 
the local area, (city, county, and/or transit 
district) was the source of almost 58 percent 
of all capital improvement funds in 19 71. 

The sources of capital improvement funds im
ployed by local government as reported in 
the ATA survey are shown in Table 8.5. As 
might be expected, cities have had to obtain 
capital improvement funds for transit from 
the same sources they have traditionally used 
for other city activities. 

8.92 Sources of Operating Subsidies. Caught 
between the ever-increasing costs of doing 
business on the one hand and declining rider
ship on the other, the industry has found it
self in the position where operating revenue 
will not cover operating costs. Consequently, 
since 1963, the transit industry as a whole 
has been operating at a deficit. More impor
tant, however, is the magnitude of the trend 
itself. The deficit has grown larger each 
year with no indications of reversal. 

Even the RRT systems are experiencing sub
stantial deficits. A study conducted in 19 72 
by the Institute for Defense Analysis, en
titled "Economic Characteristics of the Urban 
Public Transportation Industry," examined the 
financial conditions of the nation ' s rail
based transit system. Based on the combined 
total for all systems, revenues failed to 
cover operating costs, not including depre
ciation or debt service, by almost 16 percent . 

Todd and Winfrey, in their study, "Financing 
Urban Transportation," made the statement that 
the public must have a clear understanding 
"that adequate mass transit systems can no 
longer operate as a profitable private or 
public business, but must be operated and 
financed as a public service for the benefit 
of the community (therefore, the community 
will be called upon to subsidize a portion 
of the capital needs of the facility, and 
perhaps, some of the operating expenses)." 

It might be noted that the sources classified 
as general tax base sourced in Table 8.6 are 
the same sources as utilized to support 
transit capital improvements. 

8 .93 Current Funding Programs. Legislation 
recently approved provides 10 . 925 billion 
dollars over s ix years to assist urban 
ma ss transportation. Some 3.9 billion 
may be used for operating assistance. Autho
rize~ amounts would increase from 300 million 
In fiscal year 1975 to 900 million in fiscal 
year 1980. The federal share is not to ex
ceed 80 percent for capital grants and so 
percent for operating assistance. 



TABLE 8. 6 Local Sources of Fund s f or 
Transit Sub sidy , 19 71 

Gene ral Tax Transit 
Ba s e Sources City County District 

General Fund X X 

Prop e rty X X X 

Utilities X 

Sal e s Tax X 

Payr oll Tax X 

Automobil e Transit 
Based Sources City County District 

Li cens e Ta gs X 

Parking Meters X 

Motor Fuel Tax X X X 

Auto Exc i s e Tax X 

Bridge Tolls X 

Hi ghway Fund X 

Weel age Tax X 

In ord e r to take advanta ge of s uch categor
ical grant s , local gov e rnm ent mu s t commit 
moni es f or th e local mat ching s ha r e re gardles s 
of oth e r ne eds and demand s for the us e of 
lo cal r evenu es . Thi s fr equ entl y up s ets the 
priorit y fo r capital improv ement pro grams. 
Revenu e s haring without r es tri c tion s on the 
use of th e monies re sult s in th e funds ap
pearing th e s ame a s locall y rai se d rev enues . 
Hence , expenditure deci s ion s will be compatible 
with local priorities. 

• Discretionary Funds. Section 3 of the Urban 
Mas s Transportation Act of 1964, as amended 
provides grants to assist cities in financi~g 
capital improvements on an 80% federal, 20% 
local matching ratio. Grants may be used 
for financing the acquisition, construction 
recon s truction and improvement of mass ' 
tran s portation facilities. Eligible facilities 
include the purchase of bu s es, benches, pass
enger shelters, route markers, bus maintenance 
faciliti es, administrative office s, and 
s tations or terminals (including the purchase 
of land) . Monies under Section 3 are available 
on a di s cretionary basis (not allocated or 
apportioned to states or cities) to be deter
mined by the Secretary of Transportation . No 
state may receive more than lS% of the total 
monies appropriated over the aid year period. 

• Formula Allocated Funds. Section S of the 
National Ma ss Transportation As sistance Act 
of 1974, created a new program of Federal 
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a s sistance to urban mas s transportation 
sys t ems through grant s which ma y be used by 
the r ecipients either for capital (80% fed
eral, 20 % local match) or op erating assistance 
(SO % federal, SO% local match). These funds 
are available to urbanized areas only and are 
allocated on a formula basis established by 
th e Congress. For citie s over 200,000, the 
Governor, responsible local officials, and 
operators of publicly-owned mass transit 
services, with concurrence of the UMTA,shall 
des ignat e the recipient . For areas under 
200,000 populatio~ the Governor or his desig
nat e e is the recipient. 

• R & D Funds. Section 6 of the Urban Mass 
Transportation Act of 1964, a s amended, pro
vides for research, development, and demon
stration projects in all phases of urban mass 
transportation including the development, 
testing, and demonstration of new facilities, 
equipment, techniques, and methods to improve 
public transportation. The Secretary of the 
Urban Mass Transportation Administration 
approves grants under this section on a pro
ject-by-project basis. Anticipated nation
wide funding for Section 6 for FY 76 is $67.3 
million. 

• Planning and Technical Study Funds. Sec 
tion 9 of the Urban Mass Transportation Act 
of 1964, as amended, makes funds available 
for public transportation planning and other 
technical studies. The Urban Mass Transpor
tation Administration apportions grant funds 
directly to cities with a population over 
200,000. Funds are made available on a dis
cretionary basis to cities with a population 
of less than 200,000. Activities assisted 
under this section may include (1) studies 
r e l a ting to management, operations, capital 
requirements, and economic feasibility; (2) 
preparation of engine e ring and architectural 
survey s , plans, and spe c ifications; (3) eval 
uation of previousl y funded projects; and (4) 
other activities. Funding is available for 
projects under this section on an 80 % federal, 
20% local match. 

• Elderly and Handicap Funds. Section 16b(2) 
of the Urban Mass Transportation Act of 1964, 
as amended, provides grants to provide for 
the transportation need s of the elderly and 
handi capped. Only private non - profit organi
zations are eligible to apply for these cap 
ital exp enditures (the 20 % matching funds mus t 
be furnished by the applicant from non-feder 
al sources) . Private non -profit organi zations 
apply ing for capital assistance must provide 
service within a recognized "urban area" (a 
municipality having a population of not less 
than S,OOO persons ac cording to the 19 70 
census). This does not preclude operation 
in a rural area as long as the origin and/or 
dest i nation of the service i s in an urban 
area. 

• Urban System Funds. The 1973 Federal -Aid 
Highway Act permits citie s to utili ze their 
Federal-Aid Urban System funds for the pur -



chase of buses . In addition, funds from any 
Federal-Aid System may be used to construct 
preferent ia l bus lanes, passenger loading 
areas and parking faciliiies along Federal 
Aid route s. Sec tion 142 projects are 70% 
federal, 30% lo cal mat ch. 

Section 
ct IS a dem 

onstration gran t program which provides fund s 
to encour age the development, improvement, 
and use of public tran s portation sys tems 
within rur a l areas, in order to enhance ac 
cess of rur a l population to employment, 
health care, r e tail centers, education, and 
public services. Project s may be funded 
100 % by th e Federal Highway Administration; 
however, no mor e than 30% of project funding 
may be used for operating expens es . The 
Washington office of th e Department of Trans 
portation will make a final se lection of 
projects to be f unde d f rom available appro
priations. Available funding under this 
prog ram i s $9.65 million na tionwide for 
FY7 5. 

8.94 Plan n i ng Requirements. In accordance 
wit h the FHWA and UMTA intent to combin e 
procedures for urban transportation planning 
a regulation [ 39 FR 29660 ( 19 74) - Urb an ' 
Transportation Planning] ann ua l r eview of the 
stat us of pla nning in the area and de t ermin
ation of el i gi bilit y of the area will include 
but not be limited to: ' 

• Existence of a Metropoli tan Planning 
Organization, des i gnat ed by th e Governor 

• Ex i s tenc e of an effective decision
making process, 

' 

• Ex i stence of.an adeq uat e, on-going trans
po rtat ion planning process consistent with 
the planned development of the urban area 

' 
• Existenc e of a Transit Development Program 
re s ult ing .from the transportation planning 
proce~s With an endorsed pro gram of Sec tion 
5 proJects, 

• A finding of current validity of the tran s
portation_plan by the Metropolitan Plannin g 
Or ganization 

• Exis t ence of an adeq uate unified work 
program, and 

• Existenc e of a current and l'd va I agreement 
es t ab li s hing re sponsibi liti es for carrying 
out transportation planning. 

No pro j ect will be ap proved unle ss it i s 
developed thro~gh th e continuing, cooperative 
a~d compre hens 1ve. urban tran spo rtation plan
ning process and.1ncluded in plans and pro
grams for a unified or officially coordina
ted urb an transportation system consistent 
With th e ~lanned development of the urbanized 
area . Prior to project approval, determina-
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tion will be made that the area has met the 
planning requirements of the Act and that the 
project is included in t he approved annua l 
program of projects. 
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CHAPTER 9 

BICYCLING AS AN URBAN TRANSPORTATION MODE 

SESSION OBJECTIVES: 

1. To identify the demand for and effects 
of bicycle usage; 

2. To examine the various alternatives for 
increasing the safety and efficiency of 
bicycle use in urban areas; 

3. To identify the essential considerations 
for management decisions relating to 
bicycle facilities. 

9 . 1 INTRODUCTION 

The bicycle was a form of intra-city travel 
prior to the time of the motor vehicle. How
ever, when the automobile became established 
as the chief method of urb an transportation, 
the bicycle remained principally as a means 
of mobil ity for chil dr en as t hey passed 
through graduated stages from the tricycle, 
to the bi cycle, and ultimate ly , to the 
family car. However, because of a renewed 
interest in physical fitness, a concern for 
environmental well-being, and, perhaps most 
importantly, a rapidly-decreasing s upply of 
available transportation fuel, t he bicycle 
ha s emerged once agai n as an alternative for 
c onquering the problems associated with 
c onc entrated travel in the urban area . 

The magni tude of this movement is reflected 
in recent sales figures for new bicycles 
which, at present, outnumber the sale of 
au tomobiles in the Uni ted States. This 
trend does not appear to b e reversing nor 
does a saturation point in bicycle ow~er
s hip seem apparent . It is expected that 
bicyc l e sales will eve ntu al l y stabilize near 
the ll million unit s per year rate. 

TABLE 9.1 

U.S. Bicycle a nd Automobile Sales 

Bicycle Sa l es, Automobile Sales, 
Year in millions in millions 

1968 7.5 10 .0 
1969 7 . 1 9. 7 
19 70 6 . 9 8.1 
19 71 8.9 l 0. 7 
19 72 13. 7 11. 0 
1973 1 5. 2 11. 4 
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Unfortunately, the bicycle does not blend 
well with other types of traffic, due ma inl y 
to the differentia l in bicycle and vehicular 
speeds and the contrasting sizes of the 
ve hic l es. 

To date, various communi ties have recognized 
the need for bicycle facility planning and 
construction . There exists, however, little 
uniformity among t h e plans so far suggested. 

Probably the most comp reh ensive report and 
one which reviews the experiences of many 
individual bicycle plans is Bikeways--State 
of the Art -- 1974, published by the Federal 
Highway Administration. 

9.2 BICYCLE PLANNING 

Bicycle plannin g is a new activ ity for trans
portation management in many of the urban 
areas. In many respects bicycle planning is 
simi l ar to the planning of t he street net
work. However, there are some major po i nt s 
that s hould be ~eviewed briefly. 

Tri s. 
e r1 1ng act1v1t1es may e class
the following categories: 

• Neighborhood riding is don e mostly by 
young children . Except for school trips, 
riding is often purposeless and is not 
limited to a specified route . 

• Recreation riding is a l eisure time 
act1v1ty for all ages. Routes should be 
considered whic h provide a minimum of con 
flict with ve h icul ar traffic. Aest hetics 
are i mpo rtant,and attent i on s hould be give n 
to providing pleasing visual impressions 
whenever possible. 

• Commute riding is increasing due mainly 
to parking difficul ties, energy conservation, 
and physical fitness reasons. Routes of 
this type s hould be as direct as possible 
between work and living areas. Aesthetics 
becomes less importan t but the need for 
parking facilities at the work trip end 
in creases. 

• S~ort riding and touring with sop histi
cate , light-weight b1cycles usually re
quires facilities built for higher speeds 
and longer trips. Facilities of t h is type 
may not be entirely compatible with those 
for a more leisurely type of riding. 



9.22 Various types of facilities may be 
combined to form the bicycle network much as 
local, collector, and arterial streets form 
the urban street network. Various methods 
of describing these facility types exist; 
however, the following appear to be the most 
common. 

• Class I (Bike Path or Protected Lane)-
A completely separated rlght-of-way deslg
nated for the exclusive use of bicycles. 

• Class II (Bike Lane)--A restricted right
of-way designated for the exclusive or semi
exclusive use of bicycles; through motor 
vehicles are not permitted. Vehicle parking 
and access to property as well as pedestrian 
access to parked vehicles are allowed. 

• Class III (Bike Routes)--A shared right
of-way des1gnated as such by signs placed 
on vertical posts or stenciled on the pave
ment. 

9.23 Bicycle Network Planning--Having estab
lished the types of tr1ps to be accommodated 
and the various kinds of bicycle facilities, 
the following network planning procedure can 
be considered for the development of a com
prehensive bicycle plan. 

Step 1. Conduct inventories of existing 
facilities. Determ1ne traff1c volumes, 
speeds, and parking conditions on street 
facilities, and physical dimensions of the 
street. Explore the availability of semi
private and municipal rights-of-way such 
1s utility and abandoned railroad rights
Jf-way and areas around lakes and reservoirs. 
Step 2. Forecast demand for bic cle facili
ties. Con uct origin- estination stu ies or 
in-home interviews as to bicycle usage ac
cording to number of riders in family, 
number of bicycles, and number and type of 
trips. Based on areas with similar socio
economic characteristics, project trips 
between these zones as well as intra-zonal 
travel. Consider amount of generated traffic 
by addition of a new facilities. 

Step 3. Establish planning and design stan
:iards. 

Step 4. Design bikeway network and facili
ties. 

Step 5. Prepare alternate plans where more 
than one alternat1ve ex1sts. 

3tep 6. Evaluate plans. Utilize governmen
tal personnel responsible for city planning, 
traffic operations, street maintenance and 
transit, and parking management for review. 
[nvolve citizens from bicycling, public 
;ervice, environmental and other interested 
~roups. 
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Step 7. Select final plan. 

Step 8. Implement plan. 

Step 9. Evaluate results. Evaluate use and 
operations of constructed and marked bicycle 
facilities as input for future bicycle plan
ning. 

The comprehensive bicycle plan should offer 
similar service to all bicyclists within the 
confines of the planning area. In addition, 
the plan should provide continuous routes 
connecting the smaller community bicycle 
systems. This is the rationale behind the 
"honeycomb" system as suggested by the City 
of Dallas in which Class I Bicycle Paths on 
exclusive right-of-way form the honeycomb, 
providing a network for travel between in
dividual zones as well as around the zone. 
Within each zone, Class II Bicycle Lanes on 
city streets provide for movement within the 
zone and outward to the Class I facilities. 
Class III Bicycle Routes in turn provide 
access to higher type facilities. 

9.24 Potential for Reducing Demand. A po
tential bicycle market for urban areas can 
be estimated based on the data presented by 
Everett (27). Everett's data indicate that 
the commuter bicycle trip is feasible up to 
six miles one way. Thus, assuming that 
there is a total demand of 100,000 trips per 
day in an urban corridor, that 40 percent of 
the people would be willing to divert to the 
bicycle,and further that the peak hour is 10 
percent of the ADT, the potential peak hour 
bicycle demand is 

(100,000) (.4) (.4) (.1) = 1600 trips 

This represents about one freeway lane or 
50 loaded buses or 22-75 passenger transit 
vehicles. Thus, the potential impact of the 
bicycle on the transportation planning pro
cess could be rather significant. 

However, bicycle riding is a fair weather 
activity for most persons. During periods 
of heavy rain, wind, snow or other adverse 
weather conditions, bicycle riding will be 
reduced substantially. Since the transpor 
tation plan is usually based on the tenth 
highest hourly loading during the year, 
there are relatively few areas of the coun
try where year round cycling exists. For 
this reason, the impact of the bicycle on 
the need for other transportation modes will 
be nil except in a very few special in
stances. There is a need for bicycle facil
ities, but the reduction in vehicular 
traffic demand will in most cases, be "icing 
on the cake" rather than having the effect 
of reducing the need for other transporta
tion facilities. For this reason, care mu~t 
be exercised to insure that the vehicular 
capacity of existing streets not be reduced 
by the proposed bicycle facilities. 



The fact that bicycle use does not reduce 
the demand for other transportation facili
ties should not be misconstrued to mean that 
there is not a real need for bicycle facil
ties. The increased use of bicycles com
bined with efforts to get more vehicular 
capacity from existing streets will undoubt
ly lead to greater vehicular - bicycle 
conflicts and accidents. Additionally, 
bicycle traffic mixed with motor vehicle 
traffic impedes flow and reduces capacity. 

The transportation manager should include 
bicycle planning as a part of the overall 
transportation system. 

9.3 BICYCLE FACILITY DESIGN 

9.31 Design Guidelines. The FHWA publica
tion "BJ.keways - State of the Art - 1974" 
presents a detailed discussion of design 
requirements of all types of facilities. 
This publication should be available to 
every city as a reference document for plan
ning and design of bicycle facilities. 
Further, the city should develop its own 
design standards for bicycle facilities, 
similar in many respects to city street de
sign standards. Major items to be included 
in bicycle facility design standards are: 

• Design Speed 

• Horizontal Curve Controls 

• Minimum Facility Cross Sections 

• Maximum Grades 

• Lateral and Vertical Clearances 

• Intersection Layouts 

• Grade Separations 

9.32 Intersection Design. Regardless of the 
type of bJ.cycle facJ.lJ.ty, conflict with 
vehicular traffic is inevitable at inter
sections. Turning bicyclists must cross 
vehicle paths,and turning vehicles must 
cross bicycle paths. There are two general 
approaches to partially resolving problems 
at intersections. 

• Channel the bike lane off the street so 
that it operates as a parallel or adjacent 
intersection. 

• Terminate the protected bike lane imme
diately prior to the intersection, placing 
bicycles back into the traffic stream. 

• For a more detailed treatment and more 
revolutionary treatments, refer to BIKEWAYS
-STATE OF THE ART--1974 by FHWA. 

9.33 Grade Separations. Where vehicle 
volumes prevent at-grade crossings by bi-
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cycles, grade separations may be constructed. 
Underpasses are preferred somewhat due to 
lower vertical clearances for bicycles than 
for vehicles. Also, the down-grade approach 
to the underpass allows the bicyclist to 
gain momentum in order to carry him up the 
other side. Underpasses, however, need to 
be well-lighted and should provide line-of
sight throughout, if possible. 

9.4 OPERATION AND CONTROL 

The operational controls for bicycle ~acili
ties serve two fundamental purposes: 

• To delineate the bicycle facility; and 

• To insure the safety of the cyclist. 

For on-street bicycle facilities, the 
regulatory devices for vehicular control 
will generally serve for cyclists as well. 
The primary control requirement is there
fore one of delineation of the bicycle lane. 
For separate bicycle facilities, the safety 
of the cyclist is the primary concern. 
Warning signs and intersection right-of-way 
control devices are the principal controls. 

9.5 BICYCLE PLAN REVIEW 

The following planning and design points are 
suggested for special attention in the re
view of bicycle plans. 

9.51 Planning. 

• System Continuity. Considered here 
should be whether or not the system is in
deed a comprehensive system providing for 
a variety of trip lengths and purposes or 
whether those improvements being made will 
only benefit certain areas. 

• Implementation Scheduling. All of a pro
posed bJ.cycle system cannot be constructed 
or implemented immediately. Where possible, 
those elements that will benefit the most 
people first should be given precedence. 
For example, bui~ding a bike path around a 
lake should probably be done after bicycle 
access facilities are provided to the area. 

• Effects on Vehicular Capacity of Facili 
ties. EJ.ther Class II BJ.ke Lanes or Class 
rrr-Bike Routes reduce the effective street 
width usable by vehicular traffic. Care 
should be taken in reviewing bicycle plans 
to retain sufficient capacity of streets 
within a given corridor. 

9.52 Design 

• Lane Width and Lane Location for Class II 
Bike Lane facilJ.ties should be carefully 



reviewed. Lane width must be adequate to 
prevent bicycle s from encroaching upon the 
traveled r oadway . Thi s is especially im 
portant in the event that two -way bike lanes 
must be used . If s treet width i s not 
sufficient to allow adequat e bicycle lanes , 
route relocation s hould be c ons ider ed . 

• Grade s on Clas s I Bike Path facilities 
which parallel s tree t facilities should be 
les s than those on the s treet facility to 
encourage us e of the bike path . Not only 
the steepness, but also the length of 
grades, is important . 

9.53 Operation 

The bicycl e plan review should include an 
operational analysis of the plan with re
spect to safe ty of the cyc list s. Bicycle 
facility sections whi ch are not op en to 
view of pa ss ing motorist s may be an invita 
tion to criminal acts and s hould also be 
considered in the plan review . 

9 . 6 COST OF BICYCLE FACILITIES 

Th e cost of bicy c l e facilities varie s drama 
tically with the type of facility . The 
cost dat a present ed below were obtained from 
the Cit y of Dallas and reflect 1 974 costs . 
Approximately half of the maint enan ce c os t 
is for security s urveillance . 

TABLE 9 .2 . Bi cyc l e Facility 
Co st Per Mile (26) 

Typ e 
of 
Facility 

Initial 
Cost 
(19 75 Ba s e ) 
Exc luding 
Land 

Annual 
Maintenance 
Costs 

Bikeways $30,000+ $1 ,5 00 (A sphalt) 
950 (Con crete ) 

Prot ecte d 
Bi cyc le 
Lan e On 
Street 

Unprotected 
Bicycle 
,Lane On 
St r eet 

Bike Route 

$ 6,000 

$ 3, 000 

$ 700 

$ 600 

$ 300 

$ 100 

9 .7 FUNDING OF BICYCLE FACILITIES 

Th e following quote come s from the publica 
tion , "The 19 73 FEDERAL-AID HIGHWAY AC T-
Ai'J ANA LYSI S. II 

Bicycle and Pedestrian Facilities - -The 
States may build separate or preferential 
bicycle facil~ties and walkways in conjunc-
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tion with non -interstate federal-aid high 
way projects and will be funded from f und s 
for the system on which the faci l ity is 
locat ed . The Fe dera l s hare of the cost of 
su ch projects will be 70 percent, but not 
mor e than $2 million per state and $40 
million per fiscal year may be used for them. 
Funds authorized for other federal road 
programs, e.g., forest and publi c lands 
highways, parkways, etc., may al s o be u sed 
fo r this purpose. 

In addition, Interstate funds can be used 
for bi cyc le faci liti es which are i nc luded in 
new construction . Federal funds for b i 
cyc l e and pedestrian facilities are limit ed 
to $2 million per y ear for each state. Th e 
non -int erstate funds can be used for 70 per
cen t of the cost with the remaining 30 
perc ent coming from local sources. 

All bi cyc l e facilities mu st meet the follow
ing criteria : 

• The safety of th e bicyc li s t, pede strians, 
or vehicular traffic must not be impa ired ; 

• Th e propo sed facility must be a part of 
and c onnect to e l ement s of the ex i st ing or 
planned sys t em; 

• The facility mu s t be und er the jurisdic 
t i on of a publi c agency; and 

• There must be s uffi c ient existing or pro 
jected demand to render th e proposed facil
i ty cost-effective. 
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CAPACITY ORIENTED ALTERNATIVES 

Sessions 10 through 14 of this course deal with the various 
capacity-oriented alternatives that may be implemented through 
transportation management processes to improve urban transpor
tation. Although "capacity" is most frequently associated with 
the number of "vehicles" that may be accommodated by a traffic 
facility, the intent in these sessions is to address the "people" 
handling capability of the system. It should be understood, 
however, that we cannot totally disregard capacity in terms 
of vehicles, because vehicles carry people. Thus, the objective 
is to discuss alternatives that increase the efficiency of 
transportation facilities with particular emphasis on the 
transportation of persons and goods on these facilities. 

The five sessions relating to capacity-oriented alternatives 
include improvements in urban goods movement, pedestrian 
facilities, traffic operations, freeway operations management 
and the importance of coordination in the planning/design/ 
operation of a street network. 





CHAPTER 10 
IMPROV ING URBAN GOODS MOVEMENT 

SESSION OBJECTIVES : 

1 . To ide n tify t h e g e n e r al t r a ff ic c onge s 
tion effe c t s o f g oods an d servic e s move 
ments in t he high-density urban c entra l 
business dis tric t . 

2. To present al t erna t iv es f or the i mpro v e
ment of t raff ic o p e ra tions a n d t h e mov e 
me n t of go o d s and s e rvi ce s in t h e urban 
cen t ral b usiness d i s t r ict. 

3 . To r ec omm e nd guide lines fo r the develop 
me n t an d c onsideration o f al ternatives 
to i mpr o v e the mov e men t o f go o d s and 
se rv ices i n the cent r al b u si ne ss dis 
t r ict . 

10.1 INTRODUCTION 

The movem ent of goods and se rvices in the 
urban ar e a i s a major e lement of the trans
portation s ystem .. Trucks deliv e r~ng goods 
and providing servlces to th e buslness 
community constitute a major part of the 
traffic us ing the street sy s tem. Because 
of th e concentrated busine ss activity, the 
central bu s iness district experiences the 
gr eat es t impact of goods and s e rvices move
ment ac tivity. 

Although th e movem ent of good s and services 
oc cur s throughout the day and ni ght, the 
majority of th e activity oc c ur ~ during day
light hour s , an~ further, studle s have shown 
that th e major movement s occur between ~he 
hour s of 10 a . m. and 2 : 30p.m. (4) . Thls 
impli es that during the p eak traffic periods, 
truck movement s are relatively lower than 
during othe r periods of_ the daf .. This is 
obvious ly an advantage ln provldlng peak_ 
hour transportation, but to what extent lS 
truc k tra ffic reduc ed, and what p e rcentage 
of th e CBD peak hour i s trucks ? A s tudy of 
truck mov ements in the city of Dallas (2) 
s howed tha t approx imat e ly 12 ,000 t~ucks en~ 
t e r ed the CBD during a 12- hour perlod. Thls 
numb e r repr e s ented 10% of the total trafflc 
ent e ring th e area. During the morning peak 
p eriod of 7 : 30 to 8 : 30 th e truck count show
ed approx imately 800 unit s entering the CBD . 
If we a ss ume that 12% of th e total trafflc 
(120,000 vehicles) entered during the morn
ing peak , then trucks would be_ roughly 6_ 
p e rc ent of the peak hour trafflc: Equatln~ 
thi s to pass en ger cars for capaclty comparl
s on trucks use approx imately 1 2% of the 
ava ii ability capacity , as s umin g that the sys
t em i s op e rating at capacity 

The delivery of goods and services in the CBD 
area of major cities is a large - scale, inten
sive activity. Therefore, it is necessary 
that we know more about the system. It is 
easy to assume that the problem is princi
pally the handling of freight. The study in 
San Francisco (4) showed that 35,000 daily 
stops were made in the downtown area; however 
only 15,000 stops were for loading or unload
ing freight. As an illustration of the types 
of activities , 9000 stops in the Dallas CBD 
included 1500 stops by beverage trucks, 500 
stops by U.S. Mail vehicles, 1000 stops by 
armored cars and s ecurity carriers , and 500 
stops by service vehicles . 

One of the major problems relating to the 
movement of goods and service s within the CBD 
is in the pick up and delivery. Most build
ings in the area do not have sufficient off
s treet facilities for pick up and delivery 
and, therefore, most of the activity takes 
place at the curbside. The proportions will 
vary from city to city, but it is estimated 
that 80 to 85% of the pick up and deliverie s 
are made from curbside points . 

There are other characteri s tics of CBD truck
ing activity that are pertinent to an under
standing of the goods and s ervices movement 
within the city. 

• About 90% of all CBD stop s are for the 
purpose of picking up or delivering goods. 
Service calls repre s ent 5 to 10% of total 
stop s . 

• About 70% of all s tops are made by pri
vate fleet vehicle s . 

• About 20% of all CBD deliveries also have 
their origin within the CBD. 

• The average duration of a commercial 
vehicle s top in the CBD i s around 25 minutes. 

• Most goods and s ervice s s tops are made at 
the curb. Only about 15 to 20 % of the stops 
are made in off -s treet facilities . 

10 . 11 The Problem a s Viewed by Interested 
Parties. The problem of transportlng goods 
and services, like other complex urban prob
lems involves other than the governmental 
units responsible for the transportatlon 
sy s tem. These include the city, the_pro
perty owner, the tenant and the carrler. 

10.11 . 1 The City. Development within the 
CBD represents a subs~antia~ investment of 
both private and publlc monles; the Clty tax 
base depends heavily on this investment. In 
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order to s u s tain this concentrated deve lop
ment , the c ity must provide for all nec
essary traffic movements--pedest ri ans, auto
mobile s, and bu ses as well as trucks. Mo s t 
delivery stops in the CBD occur at the curb 
within t he city right-of-way. The c ity ha s 
only a limited right - of-way area which mu st 
accomodate a multiplicity of use r s. Thus 
the city experienc es a s ignificant cost i~ 
providing curb l oading s pace. 

10 . 11 .2 Building Owners and Managers. 
Building owner s and managers are confronted 
with problems r e lating to go ods di stribution 
on a regular basis. However, many downtown 
buildings are not designed to functionally 
serve th e load ing needs of t he building. As 
a result, s hort range s olutions to problems 
i n thes e bu ildings may be limited. 

Many building owners and managers be li eve 
that th e city s hould take the l ea d in f ind 
ing s olutions to the goods di str ibution pro 
blem . Any change in existing procedure that 
would incr ease either the l ega l responsibil
ity or t h e cost to the building i s generally 
c on si dered as unde sirabl e by building own ers 
and manag er s. 

10.11.3 Building Tenants . Building tenants 
ge neral ly do not have ex t ensive expos ure to 
the problems associated with go od s di st ribu 
tion. These individual s are aware th at th ey 
are able to pla ce an order and that the 
order will be delivered direct ly to thei r 
office within a reasonable period of time. 
This a r rangement is satisfactory to th e 
tenant, and the tenant ha s no reason to be 
aware of any difficulties experienced by the 
carrier between t he time the order was 
plac ed and the time at which it was de liver
ed . Generally, d istribution of goods and 
s ervic es i s a very minimal consideration in 
the tenant's decision co ncern i ng where to 
rent office space. How ever, if probl ems 
arise in havi ng deliveries made to the CBD 
this could become a very definite factor i~ 
the rental of downtown floor space. 

10 . 11 . 4 Th e Carriers. Since the carrie r s 
are respons1bl e for maki ng de liveries into 
th e CBD , this group is acut e ly aware of the 
pr obl ems associated with the goods distri 
bution process . The carriers ar e generall y 
not satis fi ed with existing systems and f ear 
that futur e plans may place mor e restric
tions on their operation . 

The carrier is expose d to virtually all 
as pects of the goods d istri bution probl em. 
Onc e in th e downtown area, finding a l ega l 
load i ng s pace within reasonabl e prox imity to 
hi s des tinati on is a ma jor problem . Once a 
loading s pace has been fo und , the carrier 
must gain entrance to the building and lo 
cate a consignee to accept the s hipment. 
Quit e obviously, t h ese di fficulti es result 
in a decrease i n the efficiency of th e 
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carrier's op e r ation in the downtown area. 

10 . 11 .5 Othe r Str ee t Users. Other street 
use rs , pr1nc1pally th e auto (p r ivate and 
taxi), transit and pedes trians, experience 
se rious conflicts with trucks and other 
vehi c l es involved in the movement of go ods 
and services. A parke d vehicl e, whether 
in a designated parking space or a loading 
zone, constitutes a deterrant to traffic 
movement on the street. Th e situation is 
further aggravated by the s i ze of many of 
the delivery vehicl es. They t end to further 
restrict movement and sight di s tance . Al so, 
trucks maneuvering into loading zones 
generally block traffic in through lanes. 

When lo ading zones are full, trucks some 
times oc cupy s pace allocated to transit 
stops, a practice greatly detrimental to 
good transit servic e. In a ddi t ion, transit 
vehicles maneuvering around trucks in a con 
fined space results in delay and poor traf
fic operations . 

The pick up and delivery of goods a t the 
curb-side is in direct conflict with pe 
destr ian movements along th e si dewalk . 
Conflicts may b e mi nor during off-peak 
periods, but pick up and delivery during 
peak pedestrian flow may be s i gnifi cant ly 
detrimental to pede s trian se rvi ce. 

Thus, the transportation mana ge r faces th e 
d il emma of coordi natin g a major e l emen t of 
the tran sportation system, the movement of 
goods and se r vices, to the best interest of 
severa l facets of the business sector, with 
a minimum of conflict with transportation 
e lements, and without disrupting t he s ubstan
tial ta x ba se that makes all urban opera
tions possible. There are a number of alt e r 
native s available to him, and they ge neral l y 
can be c la ss ifi ed as long -range and short
range alternatives. 

10 .2 LONG - RANGE IMPROVEMENT ALTERNATIVES. 

The alternatives c l assif i ed in thi s category 
a r e placed ther e because of their anti cipat
ed cost, dras tic changes in pr esent way of 
doing things, and the lon g l ead time re
quir ed fo r major construction efforts. 

10.21 Zoning Regulations. On e obvious 
s olution to the co ngestion eff ects of pick
up and delivery of goo ds and se rvi ces is the 
provi s ion of off -st reet fa ci lities. Zoning 
regulations can be u sed to require s uf fi
cient off -st re et loading s pac e, but , under 
s tandabl y, these r equir emen t s cannot be 
mad e r etroac tive. They can only appl y to 
new or modifi ed construction. Thu s, estab 
li s h i ng regulations for the provi sion of 
off-street faci lit ies is a long-range a lt er
native. 

Zoning r egulations (or other simila r regula-



tory measures) are being used fairly 
effectively in some cities, and should be 
instituted in others. Figure 10.1 is an 
illustration of the relationship of gross 
floor area to the number of off-street 
loading spaces required for office buildings 
in a number of U.S. cities. Figure 10.2 
illustrates similar requirements for retail 
department stores. The Design Level I pro
vides sufficient loading spaces that the 
demand during the peak time of the year does 
not exceed the availability of spaces more 
than 25%. 

Design Level II provides sufficient space to 
accomodate the peak period of the day during 
the peak time of the year (generally the six 
week period before Christmas) . 

The development of requirements for off
street loading facilities is based on aver
age truck stop rates for various land uses. 
These rates (number of stops per 10,000 
square feet of floor space) are given in 
Table 10 . 1 

TABLE 10.1. Rates Used to Estimate Daily 
Truck Stops Generated By Down
town Land Uses 

Daily Truck Stops 
Generated Per 
10,000 Square Feet 

Land Use of Floor Space 

Office 2.1 

Retail* 7.0 

Department Stores 2. 4 

Hotels 1.0 

Parking 0.0 

* average of all retail uses 

10 . 22 Multi-Level Transportation Facilities. 
Many cities have long-range plans for the 
development of the central city area in a 
multi-level concept which will provide ver
tical separation of the various conflicting 
activities in the highly concentrated CBD 
core area. 

In such an arrangement, there would con
ceivably be at least three levels, and per
haps more, depending on the various trans
portation modes serving the area. A typical 
system may provide pedestrian movements on 
an overhead system, passenger cars, taxis, 
jitneys, etc . at the ground level, and truck 
and service vehicles below ground level. 
Where rail - rapid transit serves the area, 
another level is added, and pedestrian move-
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ments may be shifted to underground loca
tions for easier access to the transit sys
tem . 

10.23 Consolidated Delivert. Consolidation 
of deliveries could easilye classified as 
a short-range alternative, but it has been 
placed in the long-range category because 
1) it would require a major alteration of 
the current procedure, and 2) it would 
possibly require the development of a peri
pheral receiving/consolidating facility and 
an operational system of delivery vehicles. 

Under this concept goods destined for the 
CBD would be delivered to the central facil
ity where they would be consolidated for 
delivery. This approach has the theoretical 
advantage of reducing the volume of truck 
traffic and the number of stops at a given 
facility in the CBD. 

This concept is more applicable to the "for 
hire" carriers than it is to private carri
ers. Since private carriers constitute two
thirds to three-fourths of the total deli
very/service vehicles in the CBD, this con
cept has limited potential. In addition, 
many of the "for hire" carriers route their 
vehicles so that they enter the CBD fully 
loaded and leave the area empty. In these 
cases, consolidated delivery would offer 
little advantage, but would increase the 
cost associated with delivery. 

One major problem with private carriers is 
that drivers are also salesmen. Beverage 
delivery is an excellent example. It is 
impractical to consider the possibility of a 
driver carrying his competitor's product. 
However, there are some revolutionary 
changes that could be made to reduce the con
gestion effects of providing vending machine 
services. Typically a driver parks his 
vehicle and services all of the machines in 
a given building . For large buildings this 
may take several hours. By using container
ization technology, a service module could 
be deposited at the building by a service 
truck provided expressly for the purpose of 
hauling containers . The sales/service man 
could utilize bicycle, motorcycle, or public 
transportation to make the service stop, 
utilizing supplies provided in the container . 

10.3 SHORT-RANGE IMPROVEMENT ALTERNATIVES. 

Certain improvement alternatives lend them
selves to low-capital investments, with 
quick but perhaps less significant results. 
However, these are the alternatives which 
provide the immediate relief and should be 
considered on that basis . 

10 . 31 Consolidate Receiving. One of the 
major problems ln the dellvery of goods in 
the CBD is the time required to effect de
livery. Where there are several tenants in 
a building, the delivery driver must unload 
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the shipment, transport the shipment to the 
proper floor and then find someone to accept 
the shipment. Under the consolidated re
ceiving concept, all goods destined for a 
given· building are delivered to one central 
location where a receiving clerk is on duty 
to accept deliveries. Distribution of 
goods within the building is then performed 
by members of the receiving staff. 

This approach greatly reduces the time a 
carrier must spend in completing a delivery. 
As a result, a loading space is able to 
serve more vehicles per day. This concept 
does involve a cost to the businesses served 
and may create some legal problems. The 
general attitude is that the city cannot 
force buildings to implement consolidated 
receiving, but it can encourage implementa
tion through the Central Business District 
Association. If the city has an established 
fee for loading zones, then it could provide 
an incentive by reducing fees where consoli
dated receiving is practiced. 

10.32 Night Delivery. The delivery of 
goods and serv1ces at night is frequently 
proposed as a means of reducing traffic con
gestion in the downtown area. Although 
there are a number of obvious benefits to 
the transportation system, this alternative 
has a number of disadvantages. 

• Legal authority to enforce night time 
delivery is a major step. 

• Major work schedule adjustments must be 
made by the carrier. 

• Many deliveries and service calls re-
quire personal representation of the receiver. 
This may require additional employees, and, as 
a result, increase operating costs . 

• Many deliveries and services are time
dependent, that is, they must be provided 
during the course of normal business hours. 

• Security problems likely will be encount
ered. 

Where practicable, night delivery should be 
implemented because it does offer signifi
cant advantages. The transportation manager 
should consider this as a voluntary rather 
than a forced measure. Certainly, the city 
should implement service and maintenance 
operations at night within its own jurisdic
tion to their fullest measure. 

10.33 Im rove Curb-side 
tions. In most cit1es o 
the major portion of the 
and services takes place in a curb-side load
ing zone. Reali s tically, this cannot be al
tered substantially during the short run. 
There are, however, some short-term alter
natives that may improve the efficiency of 
curb-side loading zone op eration s . First, 
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the problems associated with loading zone 
efficiency are time of occupa~cy, space, 
legality of use, and traffic conflicts. 

10.33.1 Time of Occupancy. The time that 
one vehicle occup1es a loading zone is ob
viously critical. Imposing limited time of 
occupancy will force carriers and receivers 
to improve the efficiency of their opera
tions and improve the utilization of the 
curb space. It should be noted, however, 
that enforcement will be difficult. 

10.33.2 Space. The amount of curb space 
devoted to loading zones is important, but 
the location is even more critical. One 
delivery vehicle parked at curb-side can re
duce the effective street width for the en
tire block. It is recommended that loading 
zones be concentrated on lesser traveled 
streets even though this may result in in
creased distances that the carrier must 
travel on foot. If planned properly, the 
carrier will not have to cross a street 
with a hand delivery cart. 

Where curb-side loading zones are permitted, 
sufficient space should be provided where 
practicable. Insufficient space results in 
excessive circulation attempting to locate a 
vacant space,and this only adds to the con
gestion. If there is a decision to be made 
regarding the priority of delivery vs. curb
side parking, then delivery should be given 
the higher priority. 

10.33.3 Legality of Use. One major deter
rent to the effic1ency of curb-side loading 
zones is the use by unauthorized persons or 
vehicles. Without proper regulation, they 
may be used merely as parking spaces for 
service or delivery vehicles. This is parti
cularly true where cities charge a fee for 
the installation of a loading zone. Build
ing owners or merchants consider the loading 
zone as proprietary and use it as a parking 
space. For this reason it is not advisable 
to operate on the fee concept. 

Regulation of the use of curb loading space 
is difficult, both in terms of time of 
occupancy and in terms of the legality of 
vehicles that do use the space. One ap
proach to assuring the legality of vehicles 
using loading zones is to allow only those 
vehicles displaying a commercial sign on the 
side of th e vehicle. Still another ap
proach is to issue loading zone use permits. 
This latter approach would give the city an 
opportunity to determine the true need of 
loading zone space as opposed to parking 
space. For example, messengers, pharmaceu
tical deliveries, and other small in-hand 
deliveries need not occupy a loading zone 
when their delivery can be effected just as 
easily from a short-term parking space a 
greater distance from the building. 



10.33.4 Traffic Conflicts. In many in
stances major problems w~th loading zone s 
occur during the peak periods when the load 
ing zone occupi es space that is needed for 
moving traffic . It appears feasible that 
some loading zones, particularly those on 
principal throughfare s in the CBD, can be re
gulated by time of day . Prohibiting use of 
the loading zone during peak periods would 
permit the total street width to be devoted 
entirely to handling traffic during the 
peak periods. 

10.4 IMPLEMENTATION GUIDELINES. 

Because the problems associated with the move
ment of goods and services within the high 
density urban area involve at least three 
different groups -- th e city, the carrier, 
and the customer -- there are special consid
erations to the implementation of improvement 
alternatives. Similar to variable work hour s 
and other improvement alternatives, the trans
portation manage r mu s t enli st the support 
and cooperation of the busine ss sector in 
s olving the problem in the best interest of 
all concerned. The following are points that 
should be considered in pursuing development 
and implementation of an effective program 
for improved movement of goods and service s 
in an urban area. 

• Plan and execut e th e various studies nec
essary to determine the demand, the availa
bility, the us e, the effectiveness, and the 
effects of loading facilities. Thi s should 
include both off -s treet and curb-side facili
ties. 

• Organize or take advantage of existing 
organi zat ions that will provide a forum for 
definition of the problems and the coordinat
ed planning and execution of so lutions to 
problems related to the movement of goods and 
services. 

• Based on an analysis of problems associat
ed with goods movement within the city, 
se lect and implement alternatives that are 
acceptable to the business sector, and hence 
will gain their support in the overall im
provement of transportation within the c ity . 

• Encourage th e establishment of an enforce
nent program that will insure maximum effect 
iveness of space allocated to the mov ement of 
goods and services. 

• Establish procedures that will result in 
the routine or scheduled servicing of utili 
ties in the CBD area s o as to minimi ze the 
iisruption of transportation operations. 
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CHAPTER 11 
ALTERNATIVES FOR IMPROVING PEDESTRIAN FACILITIES 

SESSION OJ JECTIVES: 

1. To s t Pess the impoPtance of pedestPian 
c onsi dePati ons in the management of uPban 
tPanspoPtation . 

2. To identify ways in which pedestPian pPo
ble ms ~ay be Pesolved. 

3. To su ggest guidelines foP the considePa
tion and implementati on of pedes tPian impPove 
ment pPogPams . 

11.1 THE PEDESTRIAN PROBLEM 

Pede s trian movement i s the most funda
mental tran spor tation mode - virtuall y every 
trip begin s and ends a s a pedestrian movement. 
Yet, accomodations for pedestrian movement 
perhaps receives the l eas t consideration of 
all transportation modes. 

In the automobile era, pedestrian movement 
has been minimi zed due to personal preference. 
As a convenience to the public, drive-in 
services, such as bank s , restaurant s, clean
e r s, and various utility payment offices have 
heen provided. Parking facilities have been 
built in close proximity to jobs, r e tail 
s tores, entertainment, and s ervice s to reduce 
the need for walking. In s ummary, we have 
used this age of technology to minimi ze our 
travel desires and needs that must be s atis
fied by the walking mode. Along with this 
has come the general r educ ed emphasis on the 
provision o f p edestri an fac ilities. 

Pedestrian problems ari se primarily as a 
result of mixing with other modes . ~ithout 
the protection of a mas s of metal to increase 
the momentum and serve as armor, the pedes
trian is at a disadvantage in conflict with 
other mod es. As a re s ult, there is a loss in 
eff iciency, con venience, and safety. 

Even a cursory review of acc ident statis tics 
shows that th e pedestrian sa fety problem is 
very significant. Us ing 1 973 nation-w i de 
s tatistics, th e followin g s ignifi cant po int s 
are made: 

• 2 . 21 of all urban motor vehicle acci dent s 
involved pedes trians . 

• 30.6% of a ll urban fatal accident s in
vo lved pede s tri ans. 

• 26~ of fatal pede s trian accident s involved 
children 14 or under. 

• 25% of fatal pedestrian accident s invo lved 

adults 65 or over. 

• 70% of all pedestrian accidents occurr ed 
while pede s trians were crossing th e street. 

• 40% of all pede s trian accidents occurred 
while pede s trians were crossing at the inter
s ection. 

From the se s tatistic s , it i s obvious that 
pedestrian safety i s a major problem. Fur 
ther, the problem relates to the young and 
the old, and to pedestrian errors as well as 
driver errors. 

11 .2 COHRECTIVE APPROACHES FOR PEDESTR I AN 
PROB LH !S 

The pede s trian mode i s a significant part of 
the urb an transportation system, and there 
a re pede str ian problems that must be solved 
in order t o ach ieve and maint a in a viable 
urban tran sportation sys tem. The se problems 
relate to the planning , design, and operations 
aspects of transportation. Safety must be a 
principal criterion , but like other modes, 
the tran sportation mana ge r mu s t consider the 
general service aspe c t s of pede s trian facili
ties in s ati s f y ing public need. 

i\1 1 thin gs considered, the tran sportation 
manager mus t view th e pedestrian problem in 
the traditional sen s e, that i s : 

• enforcement 
• education 
• engineering 

planning 
design 
operation 

The tran sportation manager can and should be 
involve d at l e ast indirect l v in t he enforce 
me nt and educa tion pha ses o~ th e overal l p r ob 
lem, but he must a ss um e full re spon s ibility 
for th e en g ineering phase. 

From an en g ineering viewpoint, the pedestrian 
sys tem con s i s ts of facilities that r e late to 
vehicular mov ement in t1w general ca te gorie s. 
These are : 

• Vehicle - Dominant Faci lit ies - Pathways 
that ex1 s t 1n, or s hare s~ace domin a ted by 
vehicular movement, and 

• Pede s tri an - Dominant Facilitie s - Path
ways th a t a r e re se n 'ect exclusive ly for ped 
estr ian movement with no vehicular intrusion 
except in an emergency. 
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The primary example of an entire system of 
vehicle-dominant pathways i s the parallel 
grid system of ordinary s idewa lks that has 
grown out of years of common use of stree ts 
and roadways by both vehicles and pedestrians. 
Vehicle conflicts often occur at parking lot 
and alleyway entrances as well as normal 
street crossings. To the pedestrian, this 
system offers a coherent network of familiar 
paths. Directional orientation re sults from 
his perception of well-known visual landmarks 
and other points of reference. Pathways in 
the vehicle domain may also offer him the most 
direct route to his destination due to the 
way in which pedestrian activity centers are 
distributed to suit the vehicular network; 
line-o f-s ight visual contact during combina
tion of pede s trian and vehicular movement 
within the same space usually works to the 
detriment of both users. To the motorist, 
pede strian activity is the cause of conges
tion and delay. To the pede strian, his safety 
is jeopardi zed every time hi s path crosses a 
vehicle path. Restriction of his pathway to 
be parallel to the street network often 
causes him to make long h· a lking trips to 
reach de st inations which are, by direct mea
sufe, only a short distance fro m hi s origin 
node. In addition, he must endure noi se and 
air pollution, and the visual and physical ob
struction caused by cars and trucks. 

On the other hand, the provision of sepa rate, 
pedestrian-dominant pathways exclusively for 
walkers can yie ld benefit s to both the pedes
trian and the driver. Facilities such as 
separate walkways crossing above or below 
vehicular circulation can provide a safe, con
venient, and comfortable environment for the 
pedestrian while freein g the driver from th e 
nui sance and delay caused by the intru s ion of 
pedestrians into the vehicle domain. Second
ary benefits from separated walkways can ac
crue to other entities suc h as retail activi
tie s that abut the pede s tri an paths. 

Pedestrian systems may be further classified 
according to three basic types which are 
defined by the way in which pedestrians and 
vehicles are (or are not) separated . 

G Integrated System - The common system of 
s ide1,·alk s and street crossl,·alks that noh 
exist throughout practically eve r y city. 
These are principa lly vehicle-dominant sys
tems, and the upper range of pedestrian ac
comodation i s by time sepa ration, where al
ternately the pedestrian and the vehicle are 
gi ven excl usive use of street space . Other
wise, pedestrians are afforded use of stree t 
space by law, and by the natural gaps in the 
traffic s tream. 

• Hori zonta l Separation - A spec iali zed 
system for the exclusive or semi -exc lusive 
pede stri an use of space in a horizontal plane 
with the vehicle network. This type is char
acterized by malls, semi-malls, and va riou s 
exclusive s idewalk arrangements. 
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• Vertical Separation - A specia li zed system 
for the exclusive use of pedestrians, located 
either above or beloh the vehicular system. 
This type is characterized by tunnels, sub
ways, skyways, overpasses, etc. 

The various alternatives available to the 
tran sportation manager for the improvement of 
pedestrian operations within an urban area 
will be discussed in the order of the types 
of systems outlined above. 

11.21 Integrated Systems. Because this sys
tem consists primarily of the vast network of 
pede strian facilities now existing, and gen
erally viewe d as in sufficient, the alterna
tives for improvements genera lly relate to 
spot improvements for up grading the existing 
system. However, there are a numb er of plan
ning and design practices that may be insti
tuted to provide a better pedestrian system. 
A number of alternatives are: 

11.21.1 Spot Improvements. 

• Signal timing. Pedestrian signal displays 
may be Installed, and signa l s may be timed 
more efficiently for pedestrian operations. 
Also, the specia li zed phasing, the "all-red" 
interval may be used to increase the effi
ciency of pedestr ian flow and increase safety 
through the elimination of pedestrian
vehicle conf licts. 

• Removal of obstacle s. One of the major 
problems In high-density urban areas is the 
normal "clutter" that reduces the capacity 
and serviceabi lit y of pedestrian facilities. 
This "clutter" consists of functiona.l objects 
such as newspaper dispensers, mailboxes, 
litt er cans, fire plugs, sign posts, li ght 
posts, signal posts and other forms of street 
furniture. Even though these may be desir
able or necessary items, their application or 
use may be regulated so as to reduce the 
interference with the pedestrian flow network. 

• Changing curb radii. Longer radius-curves 
have been stressed for smoother vehicular 
flow. Th ese long -radius curb returns tend to 
reduce pedestrian capacity and increase walk
ing distances. By shortening the curb radius, 
particularly where turns are restricted, 
pedestrian floh may be improved. 

• ~idening Crosswalks. I n the pedestrian 
system, as In the vehicular system, the inte~
section is the major capacity- limiti ng f ea
ture. For vehicular floh, intersection widen
ing has proven to be an effective means of 
increasing st reet capacity. In th e same 
manner, widening crosswalks may increase the 
capacity of the pedestrian system. 

• Sidewalk Li~hting. Although lighting may 
not Increase t e capacity of pedestrian facil
ities, its val ue in the safety and security 
of pedestrians i s obvious. Lighting in other 



areas such as pedestrian connections to rec
reational areas, shopping centers and other 
pedestrian generators permit drivers to see 
and avoid pedestrians. 

11.21.2 Pedestrian Provisions in Subdivision 
and Street Des1gn Standards . 

• Side~al ks. Contrary to practice in recent 
years, s1de~alks should be requi red in all 
re sidential areas, and on collectors and 
arterials where pedestrian movements are not 
re str icted. The se ma y be combine d with pro
visions for bicycles. The st reet design 
standards should provide the de sign require 
ment s for pedestrian facilities. 

• Pedestrian easements. In the new concepts 
of s ubdlvlslon layout, long blocks, cui-de
sacs and discontinuous local streets are re
commended to deter vehicular movement. These 
same practices tend to discourage pedestrian 
and bicycle movements. With adequate plan
nin g of the pedestrian circulation system and 
~ith the provision of easements through long 
blocks and cul-de-sacs, pedestrian flow can 
be increased and vehicular travel reduced. 

• Pedestrian circulation system. Pedestrian 
systems should be planned to connect ~ith 
neighborhood shopp in g and public transit 
facilities. 

• Residential neighborhood inter section s . 
For vehicular traff1c, the T-1ntersect1on has 
proven to be safer and operationally more ef
ficient because of th e inherent natural con
trol feature and the fe~er number of con
flicting paths . For these same reasons T
intersections are preferred for pedestrian 
safety. 

11. 21.3 Pedestrian Fea ture s in Design. 

• Refuge islands. On ~ide streets, it is 
des1rable to des1gn medians such that they 
serve the function of pedestrian ·refuge . 
Also , where int ersections result in extremely 
lon g pedestrian paths, isl ands may be instal
led to channel traffic, r educe the exposure 
of pedestrians to traffic and give pedestrians 
an opportunity to cross one stream of traffic 
at a time. 

• Sys tem continuity. The same concern for 
system cont1nu1ty should be exe r cised for the 
pedes trian system as for the vehicle system. 
Sidewalks sho uld be designed to approach the 
:rosswalks, and pedestrian barriers may be 
installed to channel pedestrian traffic to the 
:ros 51\al k. 

Ll. 21.4 School Zone Plann in g . The ~la nu al 
Jn Uniform Traif1c Control Devices g ives a 
·rief but effective 1ntroduct1on to the plan
ling aspects of effective control of pedes
: rian and ve hicular movements in sc hool areas. 
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11.22 aration S stems. Aside 
f rom the typ1ca Sl ewal system 1n suburban 
or outlying areas previous l y discussed in 
" Integrated Systems," horizontal separation 
embraces the concept of separating pedes
trian s and vehicles in the same plane. This 
general ly constitutes designation of certain 
areas for exclusive use by pedestrians. Some 
of th e alternatives for hori zontal separation 
are as follows: 

11. 22 . 1 Sidewalk Widening. 

• Reduction in street width. Sidewalks in 
downtown areas ma y be w1dened by the elimina
tion of parking and the utilization of this 
space for s idewalks , as illustrated in Figure 
11.1. Such projects can range in magnitude 
from simply the clinical treatment of reducing 
the street width, to serpentine treatment with 
variable width s to facilitate mid-block pass
enger loading and inter sec tion turn lanes, to 
the placement of plantings and other decora
tive treatments to serve as a buffer to 
traffic. Kiden i ng in this manner reduces the 
confusion, and improves the safety and appear
ance of the street caused by the congestion 
resulting from curb parking. The advantages 
and di s advantages of sidewalk widening are 
listed in Figure 11 . 1. 

• Arcade Setbacks. In new construction, or 
where old construction i s being remodeled, 
the building can be recessed to create addi
tional pedestrian space as shown in Figure 
11.2. This provides the advantage of side
walk widening ~hile maintaining street widt h. 
It also provides par tial cover from the 
elements. The advantages and disadvantages 
of arcade set backs are presented in Figure 
11.2. 

11. 22.2 Partial malls. Accord ing to mo st 
references, 1t 1s d1ff1cult to distinguish 
between the high -quality sidewalk widening 
project and the partial mall. Perhaps thi s 
differentiation should be on the ba s i s of 
traffic restrictions. For example, Nicollet 
~!all in ~linneapolis limit s the vehicular in
trusion to buses , taxicabs an d emer gency 
vehicles. Khereas, the street was at one 
time a 4-lane street, it is now limited to 
two lanes. Cross s treet traffic on the vari
ous intersecting streets i s not re stri cte d, 
but the elimination of turns at the inter
sections greatly improves pedestrian opera
tions. 

11. 22.3 Full ~!all s. Full malls are typi
fied by the exclusion of a ll veticular 
traffic except emergency vehic l es . A 
schematic illus tration of the full mall, 
along with the advantages and disadvantages, 
are presented in Figure 11.3. The y provide 
the opportunitv for a full aesthetic treat 
ment h'hich may' serve as a stimulus for the 
urban area. Development is generally funded 
substantially by the business sector . In 



vehicle 
roadh·ay 

ADVANTAGES 

seating/etc. 
landscaping 

parking lane transformed 
to wide sidewalk 

SECTION 

• Increased sidewalk space relieves 
pedestrian congestion in areas of high 
volume 

• Additional buffer zone reduces poten
tial for conflict and accident 

• Annoyance of noise and fumes reduced 

• Visual obstruction of parked autos 
eliminated 

• Increases space for pedestrian 
amenities 

DISADVANTAGES 

• Reduces width of street available 
to vehicle 

• Increases vehicle congestion on sur
rounding streets 

• Does not solve the problem of conflict 
at intersections 

• Pedestrian exposure to weather is not 
affected 

Figure 11.1. Advantages and Disadvantages 
of Sidewalk Widening 
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vehicle roadh·ay 

ADVANTAGES 

existing 
sidewalk 

building 

ground floor setback 
(arcade) 

SECTION 

• Relief of pedestrian congestion 

• Buffer zone reduces potential for 
conflict and accident 

• Reduced annoyance from fumes and noise 

• Increased space for pedestrian 
amenities 

• Some shelter from sun and inclement 
weather 

• Does not reduce vehicle space 

DISADVANTAGES 

• Does not solve the problem of 
conflict at intersections 

• Depends on cooperation of builders, 
developers and other private interests 

• Reduces store frontage and retail 
sales space 

Figure 11 . 2. Arcade Setbacks 



FULL MALLS 

PL..\1\ 

FTLL ~·1ALL (L'RB,\\ STREET) 

SECTION 
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ADVANTAGES 

• Eliminates conflict within mall 
area 

• May be integrated with public 
transit 

• Allows use of people-movers, jitneys, 
etc. 

• Can be developed in stages 

• Al low s a wide range of communal 
activities (art fairs, craft shows, 
entertainment, etc.) 

• Can integrate with existing parks, 
plazas, etc. to create "system" of 
urban open space 

• Stimulates retail activity 

• Provides freedom from noise, fumes, 
and usual obstruction of vehicles 

• Eliminates on-street servicing of 
stores 

DISADVANTAGES 

• High development, operating and main
tenance costs 

• Requires comprehensive preplanning 

• Increases traffic volumes on s ur 
rounding streets 

• Depends on total cooperation of pro
perty owners and other retail interests 

• Acts to reduce retail activity on 
nearby streets 

• Creates legal problems with property 
lines, etc. 

• May require extensive utility up
grading 

Figure 11.3. Fu l l Ma ll s (Urban Streets) 



the application of the full mall, the major 
concern of the transportation manager is the 
integration of the mall with the remainder 
of the transportation system. Transit, 
vehicular movement and parking are necessary 
for the support of the pedestrian system. 

11.22.4 Auto-Free Zones. The auto-free 
zone is principally an extension of the full 
mall concept where automobile traffic is 
restricted to give pedestrians exclusive use 
of an area comprised of multiple street seg
ments. The auto-free zone has the greatest 
impact on vehicular travel because it con
centrates movement, access and parking on 
the periphery of the area. Because of the 
problems encountered in servicing the area, 
it is generally realistic to permit the op
eration of buses, emergency vehicles, and 
service vehicles in the auto-free zone. In 
this respect, it is quite similar to the 
~icollet Mall in Minneapolis. 

To the transportation manager, it is essen
tial that the consequences of a major change 
in transportation operations be considered 
in relation to the benefits to be derived, 
and that a satisfactory balance be attained. 

11.22.5 Displaced Grids. A displaced grid 
is typically the conversion of alleys to 
separated horizontal pedestrian facilities, 
as shown in Figure 11.4. However, they may 
be incorporated into the re-development of 
large areas of a CBD. The conversion of 
alleys to pedestrian facilities generally 
require extensive modification of existing 
structures, may create security problems, 
and displace service access to businesses. 
Other advantages and disadvantages are pre
sented in Figure 11.4. 

11.23 Vertical Se~aration Systems. Per~aps 
the ultimate In pe estrian systems, parti
cularly in the high-density areas is the 
vertical separation concept. Like the free
way, the capacity, safety and operational 
difficulties due to conflicts are eliminated. 
Both underground and elevated systems have 
been implemented throughout the world. 

11.23.1 Underground Systems. These systems 
are often used when there IS a need to inte
grate the pedestrian system with an existing 
subterrainian system such as a subway. The 
advantages and disadvantages of such a sys
tem are outlined in Figure 11.5. 

11.23.2 Elevated Systems. Elevated systems 
are those In which pedestrian movement is 
accommodated above the level of vehicular 
movement. The advantages and disadvantages 
of elevated systems are outlined in Figure 
11.6. Perhaps the most publicized of eleva
ted systems is the midblock elevated sky
way in Minneapolis. For the purpose of 
definition, there are five different types 
of elevated skyway elements. These are: 
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• Independent 
• Independent - flanking 
• Integral - flanking 
• Integral 
• Interior 

Illustrations and descriptions of the five 
types of elevated elements are presented in 
"A Comparison of Costs and Benefits of 
Facilities for Pedestrians", Report No. FHWA
RD-75-7, published by the National Technical 
Information Service, Springfield, Virginia 
22151. 

11.3 PEDESTRIAN FACILITY COSTS 

A major factor in the consideration of the 
various alternative pedestrian systems is 
the costs and related benefits. A treat
ment of the subject in this course is highly 
impractical. For a detailed treatment of 
these points, the reader is refered to the 
report cited in section 11.23.2 above. 

11.4 MANAGEMENT GUIDELINES FOR PEDESTRIAN 
SYSTEMS 

Formulating an orderly process of managing 
the pedestrian system as an important element 
of the total urban transportation system is 
essential. The following guidelines are 
suggested as an approach to giving the ped
estrian system fair consideration. 

• Formulate Pedestrian Safety Committee. 
Like the Traffic Safety Committee, the Pe
destrian Safety Committee should be composed 
of city officials, civic organization rep
resentatives and citizens. This committee 
should serve as an advisory group and a 
communication element in dealing with urban 
pedestrian safety problems. Representation 
could include: 

1. Engineering and/or public works 
2. Enforcement 
3. Education 
4. CBD Association 
5. Chamber of Commerce 
6. Citizens 

• Establish Procedures for Identifying 
Existing and Potential Problems. This would 
Involve the Pedestrian Safety Committee, but 
should extend far beyond the activities of 
the committee. Pedestrian studies and sur
veys should be a significant activity of the 
transportation engineering group. 

• Establish a CBD Pedestrian Plan. A CBD 
pedestrian plan should be developed jointly 
by city officials and the business sector in 
the central business area. This plan should 
be based on a thorough analysis of trans
portation needs, facilities and resources of 
the area. 



buildings 

PLAN 

ADVANTAGES 

• Eliminates potential for conflict 
associated with parallel grid 

• Facilitates servicing of retail 
activities with backs to street 

• Gives pedestrian direct access to 
both sides of walkway 

• Provides freedom from noise, f ume s 
and visual obstruction of vehicles 

• Relieves vehicle congestion at inter
section for turning movements 

• Mid-block pedestrian crossings 
eliminate conflicts with turning 
vehicles and simplify driver atten
tion requirement 

• Arcade treatment can provide shelter 

DISADVANTAGES 

• May require mid-block cros s ing 
signals in addition to those at exist
ing street intersections 

• Creates unsight ly facade along 
street (back of shops) 

• Encourages additiona l points of 
conflict, possibly une xpected by 
drivers, when mid-block crossings are 
not signalized 

• Requires extensive remodeling when 
incorporated into existing buil~ings 

Figure 11 .4. Horizontally Displaced 
Grids 
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ADVANTAGES 

• Separates pedestrian movement from 
vehicular movement 

• Provides built-in protection from 
sun and inclement weather 

• Does not have to follow traditional 
parallel grid pattern 

• Does not visually or physically ob
struct the urban landscape 

• Can be built in increments 

• Particularly applicable to new 
construction 

• Can be linked directly to existing 
underground systems 

• Provide direct linkage between major 
activity centers 

• Improve s vehicular circulation at 
grade 

DISADVANTAGES 

• Extreme ly expensive to construct 

• Require change-in-grade and numerous 
entry points 

• Difficult to link new and old 
huildings 

• Orientation and coherence are adversely 
affected due to loss of visual contact 
with city 

• Artificially created environment 

• High potential for crime 

• Emergency servicing is restricted 

Figure 11.5. Advantages and Disadvantages 
of Below-Grade Systems 



ADVANTAGES 

• Separates pedestrian movement 
from vehicular movement 

• Can provide more direct, conven
ient paths for pedestrians 

• Provide elevated visual vantage 
point 

• Provide direct linkage of major 
activity centers 

• Can be built in increments and 
expanded into comprehensive system 

• Particularly applicable to new 
construction 

• May utiliz e public rights-of-way 
linking and/or passing through exist
ing buildings 

• Al lows more compact and efficient 
arrangement of retailing space 

• Improves at-grade vehicular 
circulation 

• Provides cover for at-grade 
pedestrian movement 

DISADVANTAGES 

• Expensive to construct 

• Requires change-in-grade and numerous 
entry points 

• Difficult and expensive to provide 
access into existing development 

• Could diminish retail activity at 
the street level 

• Coordination of property owners may 
be difficult to achieve 

• Elevated elements form areas at-grade 
that present security problems 

• Difficult to coordinate to at-grade 
and below-grade transit systems 

• Creates potential danger of falling 
objects if not totally enclosed 

• Adds to the already cluttered 
cityscape 

• Difficult to service for emergency, 
fire, security, etc. 

Figure 11.6. Advantages and 
Disadvantages of 
Above-Grade Systems 

• Integrate Pedestrian Provisions in Sub
div~s~on Regulat~ons and Street Des~gn 
Standards. 

• Integrate Pedestrian Provisions in Traffic 
Operat~ons Measures. 

e Initiate Pedestrian Education and Enforce
ment Programs. 
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CHAPTER 12 
ALTERNATI VES FOR IMPROV ING TRAFFIC OPERATIONS 

SESS ION OBJECTIVES: 

1 . To make the transportation manager 
aware of the need for better utilization of 
existing facilities; 

2. To r eview, from a management point of 
view, the alternatives for increasing the 
capacity and efficiency of urban t r affic 
facilities; 

3. To identify the essential considerations 
for management de cis ions r el ated to low 
capital traffic facility imp rov ements. 

12 . 1 INTRODUCTION 

Safe and eff ici ent movem ent of persons and 
g?od s. ha s al~a<s been a fundamental objec
t1ve 1n prov1d1ng a s treet and highway 
network . It i s recognized, however that 
operationa l requirements have chang~d sub
s tantially over the years as our street and 
highway systems have developed and , as a re
sult, many part s of the system have become 
ob so let e. In order to achieve maximum 
effic iency from s uch a street a nd highway 
system, the s ystem mu s t b e c onstantly re
viewe d to identify op erational problems, 
and preferably low -capital improvement al
t erna tives must be implem ented to correct 
these opera tional problems. 

A gui de to dealing with the op era tiona l 
efficiency o~ the existing s tr ee t and high 
way network 1s the publication "Traffic 
Reviews for Op erati <:m<:l Effici~ncy", by the 
~ederal H1 ghway Adm1n1 s tration , publi s h ed 
1n 1973. Thi s guide defines an operat i onal 
review as a n organ ized and continuing pro 
gram of repetitive field observations and 
in s pecti on s of traffic fa ci lities in order 
to detec t inefficient and errati c traffic 
opera tions which may be caused by defi c ien 
cies in geometric de s ign f ea ture s, traffic 
control devices or other related factors. 

fhi s sess ion pr esents s ome of th e alterna
tives t hat may be implemented to i mprove 
th e operational efficiency and capacity of 
~x i st ing street s ystems . For th e conven
ience of pres entation, th ey categorized 
into "De sign Alt ernatives" those alt erna 
tives whi ch relate primarily to geometric 
)r phy sica l changes to th e facility, a nd 
'Op era tional Alt ernatives " t h ose which re
lat e to traffic control devices and regula
~ ory measures. 
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1 2.2 DESIGN ALTERNATIVES 

1 2.2 1 Int ersec tion Improv ements. We have 
reco gni zed through the years t hat t he in
tersec tion i s the critical e l ement in t he 
s treet s y stem that limit s t he capacity. 
Thi s i s due to th e fact that s treet space 
must be s hared with traffic on the cross 
s tr ee t. There are a number of i mp rovement s 
of a design natur e that can be ma de to im
prove the overall capa b i li ty of the street 
to handl e traffic. The major categories of 
these improvements are discussed be low . 

1 2:2 1.1 Correcting Offsets. Many streets 
ex 1st today w1th offsets 1n majo r ar t er ial s 
due to the haphazard development of l a nd. 
Because ad jacent s ubdivisions were not 
planned to co ordinate, the streets faile d 
to match pr ec i sely. Such offsets are gene r 
a lly quit e cost l y to cor rect, bu t they are 
even more costly to operate. Every effort 
s hould be made to ac h ieve good alignment of 
the s tr eets through the intersection and to 
incorporat e auxiliary l anes wherever possi
bl e. This problem was typical of the mai n 
thrust of the TOPICS program, and s hould be 
c ontinued in TOPIC S type projects within 
the current framework of federa l f unding for 
urban improv ement s. 

12.21.2 Addition of Left-Turn and Ri ght
Turn Lanes. Perhaps the greatest s 1ngle 
1mprovement to an arteria l intersection is 
the addition of l eft-turn and r i gh t- turn 
lanes. Le ft - turn lanes can have t he effec t 
of increa s ing th e c ap ac ity of an i nter sec
tion by as mu ch as one lane on each approach. 
Such would be the case where left-turn move
ment s combined with near capacity op era tions 
in both dir ection s occupy the in.side l ane 
throughout virtually all the green signa l 
phase. 

The obvious a dvant age of l eft-turn lanes is 
the segregati on of traffic f lows. When aux 
~liary lanes ar e provided, through traffic 
1s not del aye d by vehicles waiting to turn. 
Of course, experience has demonstrated cer
tain safe ty benefi t s; a ny reduction of the 
occurr enc e of stopped vehicles in a through 
l a ne reduces the s p eed different ial and im 
proves safety. 

Another advantage of the left-turn lane is 
the improved s i ght di stance. Where l eft
t u rn s are ma de without an exc lus ive s i gnal 
indi cat ion , th e driver waiting to turn has a 
be tt er vi ew of oppo sing traffic . 

Left-turn l a nes may be i mpl emented as a part 



of the implementation of a medi an on an 
arterial or they may be introduced as chan
nelization at an intersection, dependent 
upon the local circumstances. In either 
case certain minimum de s ign standards relat
ing to lane width should be adhered to 
wherever practicable . To maintain consis
tent lane width through the intersecti on, 
additional useable st reet width must be 
taken from the median, removal of parking, 
or street widening . Many times the latter 
alternative is the only one available. 
Since widening in developed areas is prohi 
bitive from the cost s tandpoint, considera
tion may be given to relaxed design stan
dards in the vicinity of the intersection . 
Experience has shown that narrower lanes are 
acceptable in the vicinity of the intersec
tion . In the publication, "A Survey of 
Urban Arterial Design Standards" by APWA, it 
is reported that turn lanes vary from 9 to 
12 feet with the 10 -foot lane the mo st com
mon . Reduced lane widths within the inter 
section area may tend to reduce speed (a 
desirable trait) and slightly reduce capa 
city, but the capacity increase, due to the 
left-turn lane inclusion , will offset the 
loss many-fold . 

Safety improvements as a result of adding 
left - turn lanes are fairly significant. 
Again, referring to the Survey of Urban 
Arterial Design Standards, a study in Denver 
reported a 6% decrease in left-turn acci
dents, a 52% decrea se in rear -end accidents 
and a 28% decrease in injury accidents and 
total accidents . A similar study in Los 
Angeles showed a 38% reduction in the num
ber of injury accidents. 

To this point, consideration ha s been given 
primarily to the benefits of adding left 
turn lanes. From a capacity and safety 
standpoint the left-turn lane is deserving 
of much greater emphasis. However, the add
ition of a right-turn lane can yield consid
erable benefits . Where space is available, 
and where there i s a substantial right-turn 
volum~ the right-turn lane increases the 
availability of through traffic. Also, the 
capacity reduction effects of vehicles slow
ing to turn and the delay effec ts due to 
pedestrian s are eliminated as far as through 
traffic is concerned . The prevalent use of 
right-turn-on-red and the po ssibilities of 
moving right - turn s on non-conflicting phases 
greatly enhance the capacity of the inter
section. 

12 .2 1.3 Intersection Widening . Widening 
of the intersection can Increase the capa
city of the intersection and at least ap
proach a balance with the traffic-handling 
capability of the arterial street at mid 
block locations . As discu ssed previously, 
the effects of widening may be achieved by 
removal of parking or rearranging the move
ments to provide an additional lane for left
turn lane s: On primary arterials where space 
is not available , and where it would be unde-
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s irable to relax de s ign standards, wideni ng 
of the intersecti on ma y be a feasible alter
native. Simply widening to accomodate left 
and right-turn lanes can increase the capa
city of the intersection as much as 25%. 
At major intersections where there i s a 
high - volume left -turn, a signif icant capa
city increase can be achieved by providing 
dual left - turn lanes. The improvement in 
capacity is variable dependent upon the left 
turn demand . As an illu s tration of the 
benefits, consider a s ingle left - turn lane 
on a 6- lane arterial that requires 20 sec
onds of green time per cycle . By providing 
a dual left-turn lane the green time could 
be shortened to 12 seconds. The 8 sec ond 
time savings could result in handling 24 
more vehicles per cyc le on the 6 through 
lanes . 

An added right -turn lane may serve as a bus 
stop with a minimum of interference to 
through traffic . However, a bus stop on the 
far side of the intersection in a widened 
section would constitute even less interfer
ence with vehi cular movement in the inter
section . 

12 .22 Mid-block Improvements . 

12 .22. 1 Access to Propert~. In general, 
operational problems at mi -block locations 
relate to lack of or improper control of 
access. Too many driveways, poor driveway 
design and th e lack of acceleration - decel
eration lanes invariably reduce the quality 
of traffic flow and safety on the facility. 
On such streets, these conditions generally 
exist in the vicinity of the intersection s 
and result in reduced capacity. 

The mo st critical problem with mid - blo ck 
access i s the left -turn maneuver into a 
driveway, when such a maneuver is mad e from 
the inside through lane. On e obvious cor
rection is the introduction of a barrier 
type median that prohibits the mid -b lo ck 
left - turn . However, this generally is not a 
practical s olution where access ha s already 
been granted. To s ay the least, it is pol 
itically unpopular . On the other hand , 
barrier medians s hould be employed in the 
development of new arterials where land use 
has not yet develop ed . Wh en u se d in this 
manner, the land use will be forced to de
velop according to another access form. 
When barrier median s are used, and direct 
access to land is permitted, consideration 
s hould be given to the circulatory effects 
of gaining access to the land use. U-turns 
at the intersection are mo st impractica l . 
Access by "circling the block" can b e pro
vided by the prope r street layout. The 
most desirable , however, i s to encourage 
access from a s ide s tr eet after turning left 
at an inter sec tion . 

Where right-turns into driveway s are per
mitt e d, one -way angle drives are preferred . 



NCHRP Report 91 pr ovid es rec omm ended des i gn 
s t andard s fo r d r i veways that wi ll mi nim ize 
the eff ec t s on traffi c operati on. 

Wh e r e the r e i s exi s ting dev e lopment without 
a ccess c ontr ol , many citi es have f ound 
paint e d median s or two - way l ef t -turn lanes 
to b e ve ry e f f ectiv e in improving th e qual 
ity of traffic flow, s afety and c apacity . 
Th e su c c ess of paint ed med i ans is dep endent 
upon the lo cal or s t a t e law s p e r ta in i ng to 
c ros s ing pa int ed medians, and t he deg r ee to 
whi c h th ey a r e enf orce d . In ei th er case 
th e op er ationa l c on cep t i s th e same - pro 
vid e a s pace wher e turning vehi c l es may pull 
out of the through l anes and wai t for an 
oppo r tunity t o turn . 

12.22.2 Two - Way Left Turn Lanes. Th e two
way l ef t - turn l a ne i s c onsidered supe rior 
to th e p a int e d medi an chann e li za tion be
caus e it r emove s the con f us ion tha t may a 
ri se as to wh e th e r or not t,urn s a r e p e rmi s
s ibl e. Th e Manu a l on Un i form Tra f f i c Con 
trol Dev ices now In c lud es s t a nda rd ma rkings 
and s i gn s f or t wo -way l ef t - turn l anes, and 
they a r e u sed ex t e ns iv ely throughout th e 
coun t r y. 

Th e safe t y benef it s of t he two-way l e f t- turn 
lanes are do cument ed, an d the i mp r ov emen ts in 
qu a lity of flow are obv iou s . Some have ad 
van ce d th e idea that th ey increase the c ap a
c ity of int e r sections by r edu c ing th e numb e r 
of l ef t - turn s to be accomoda t ed a t t he i n 
t e r secti on . Obvious l y , i f t he turn s ar e 
permit te d a t mid-block, t hose t ha t would 
hav e oth e rwi se been rout ed thr ough th e in 
t e r sec tion to gain a ccess have bee n e limin 
a t ed . 

12 . 23 Des i gnin g for Bu s Operations. On e of 
the mo st a ttrac tive me tho ds of Imp r oving 
urban tra n s porta t ion i s t he ut ili zat i on of 
hi gh -occupancy publi c t ra ns i t ve hi c l es th a t 
will operate within th e ex i sting s t ree t 
sys t em. Ma ny of these (ca rp oo l s, va npool s, 
taxi s, etc. ) h ave th e s am e op e r a t i ng chara c 
t e r~s ti cs a s th e privat e passenge r c ar and, 
thu s , bl end into th e sys t em. Th e loca l bus, 
howeve r , i s dras ticall y di ffe r ent in op e ra 
tional char ac t eri s ti cs , and , hence, t her e 
a r e se ve r a l design - or i ent ed a l ternatives 
ava il ab l e t o th e tr ans por tation ma nager t ha t 
will improve its e f fect i veness . 

t o 
se r -

Th e expe rime nt al arti cul ated bu ses are de-
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s i gn ed to carry a large number of passengers 
and to negotiate normal street geometry. No 
doub t t hese veh icles will encounter problems 
wi t h some of th e geometric features and, 
t herefore, t he transportation manager shou ld 
seek to accommodate t hese veh ic l es throug h 
design gui delin es wherever practicable. 

1 2.23.2 Bu s Lo a d i ng Facil i t i es. One of t h e 
majo r differences in the character of bus 
op erat i on s on t he street system is t he fre
qu en t numb er of stops requ ired t hrough 
norma l serv i ce. There are a number of alter
natives whe r eby the transportation manager 
may provide good bus operations with a min
i mum of in te r ference wit h other vehicles 
u s ing t he system. 

In downtown a r eas, t h e lan e arrangements are 
sometimes es t abl ished to provide exc lusive 
use of t he curb l a nes for bu s operations, in
c lud i ng t he lo ading an d un l oading of passen
ge r s. To i ns ure comp l iance by auto drivers, 
t he bu s l a nes are sometimes marked physica l 
l y with py l ons a nd are designated contra
flow - coun ter to t he direction of other 
traffic. 

On primary arte r ia l s, it may be desirable 
to construct spec i a l bus turn-outs or load
ing bays. Fr om an operations viewpoint, 
t h ese should be located mid-block so as not 
to int e r fe r e wit h in tersection operation. 
I f a n in tersect i on loadi ng point is more de
s i rabl e from th e bu s service standpoint, 
t he n a fa r -s ide locati on relative to t he 
i n te r sect i on i s preferred, particu l ar l y 
where a bay is to be provided. Design stan
dard s fo r bu s load i ng faci l ities are in
c l uded i n t h e 1973 edition of the "Redbook." 

1 2.23.3 She l ters. She l ters at bu s loading 
po in ts are a "must " in areas of extreme 
c l i mates, a nd may enhance the bus ridership 
i n pract i ca lly any area. There are certain 
feat ures of the s helter that s hould be de
signed to fit the peak demand. An inade
quate-s i ze d s he lt er is perhaps a detriment 
rat her t ha n an asset. Shelters s houl d pro
vide vis u a l secur ity - t hat is, persons in 
t h e s h e l ter s hou ld be visib l e from a l l di
rect i on s to aid in deterring crimi nal acts 
to the perso n . She l ters that are commonly 
used have plast i c pane l s that protect wait
i ng passengers from t h e wind and rain, yet 
provide v i sibility. Some are heated - a 
feat ure t hat, per haps, wi l l be scrutini zed 
seriou s l y as energy concerns and costs in
crease. 

1 2.3 OPERATIONAL ALTERNATIVES 

Operational a lt ernatives to i ncrease the 
efficiency of arter i al streets include those 
whi ch can b e accomp l is hed without additiona l 
r i ght-of-way or reco nstruction of the facil
ity. Eac h ca n b e fu ll y implemented within 
t he ex i sting cu r b lines using a combination 
of r e l atively l ow cost signs, pavement mark-



ing, and signalization improvements. Oper
ational alternatives can be classified into 
types of improvements . These are: 

Changes in the Major Flow Pattern 

• one-way streets 
• reversible flow 
• unbalanced flow 
• two-way left turn lanes 

Changing of Intersection Operational Patterns 

• prohibited left turn 
• right-turn-on-red 
• relocation of bus stops 
• protected left turns 

Traffic Signal Modernization 

Traffic Signal Coordination 

Comput er Control of Traffic Signals. This 
l1 s t 1s not complete, but 1t Includes the 
mor e common operational changes which can be 
use d to increase arterial street capacity. 
For purposes of di scussion, th e first two 
of these operational alternatives have been 
r egro up ed into those from which large capac
ity increases (i.e., 25% increase or greater) 
can be expected and those from which smaller 
capacity increases should be expected. 

1 2. 4 LARGE CAPACITY INCREASE ALTERNATIVES 

12.4 1 Expected Benefits . The operational 
a lternative s which can be expected to result 
in a capacity increase of twenty-five per
cent or mor e are a) on e- wa y operation; b) re
versible flow; and c) the prohibition of 
left turns at intersections where no left 
turn lan e is provided. Th e capacity in
crease ran ge reported for each of these 
thr ee alternatives is presented in Table 12.1 . 

TABLE 12.1 Range of Capacity Increases -
Large Capacity Increase Alter
natives 

Range of Capacity 
Alternative Increase Reported Source 

One-way 
operation 

Reversible 
flow 

Left turn 
prohibition 

20-50% Bruce (1) 

20-50% LePlante(3) 

14-40% Shoaf(S) 

Any improvement which substantially increa ses 
vehicular capacity also reduce s the acci
dent potential. This fact is illustrated by 
the reported accident reduction presented in 
Table 12.2. 

A capacity increase of this magnitude also 
is reflected in a reduction in travel time 
through a system which includes these im
provements. The effects in sys tem travel 
time reported for each of the t~ree large 
capacity increase alternatives are presented 
in Table 12.3. 

TABLE 12. 2. Range of Reported Accident 
Reduction - Large Capacity 
Incr ease Alternatives 

Range of 
Accident 
Reduction 

Alternatives Reported Source 

One-way 
operation 0-60% Mayer(4) 

Reversible • DeRose( 2), 
Flow 0-30 % LaPlante(3) 

Left turn 
Prohibition* 40- 70% Shoaf(S) 

* Assumes no separate turn lane 

TABLE 12.3. Travel Time Reduction 
Report ed - Large Capacity 
Incr ease Al ternatives 

Range of 
Accident 
Reduction 

Alternative Reported Average Source 

One-way 
operation 20-40% 30% Bruce(l) 

Reversible 
flow 20-50% 30% LaPlant e (3 

Left turn 
prohibition 35-100 % SO% Shoaf(S) 

A reduction in s topped time has also been 
observed. The results are presented in 
Table 12.4. 

12.42 Cost of Implementation . The cost of 
implementing any of the large capacity in
crease alternatives depends on local site 
conditions. The range of cost which might 
be expected for each of the alternatives (on 
a 1975 cost base) is presented in Figure 
12. 5. 
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TABLE 12.4. Reported Stopped Time 
Reduction - Large Capacity 
Increase Alternatives 

Range of 
Stopped 
Time 
Reduction 

Alternative Reported Average Source 

One-way 
operation 60-85% 70% Bruce(l) 

Reversible 
flow 30-70% 45 % LaPlant e (3) 

Left turn 
prohibition 50-90% 70% Shoaf(50) 

100 

so 

~ SOURCE: 
0 60 LaPlante(3) 
0 
0 
H 

~ 
H 
.,-, 
~ 

" ~ 

40 

20 

0 
One-Way Reversible 
Operation Flow 

Prohibition 
of Left 
Turns 

FIGURE 12.1. Estimated Implementation 
Cost - Large Capacity 
Incr ease Alternatives 

The largest costs associated with reversi
ble flow are in instances where overhead 
signalization is deemed necessary for 
satisfactory operation. Overhead signal 
installations on a rigid st ructure (as 
opposed to a span wire mounting system) can 
easily run $15-$20,000 per installation. To 
be effective these units must be locat ed at 
about one-quarter mile intervals. The sig
nal unit s are the major part of the cost of 
the system. Th e plastic cones which are 
manuall y placed have been used in lieu of 
signalization; however, the cost has general
ly proven to be excessive as a permanent 
op eration. 
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12 . 43 Political, Social and Economic Con
sequences. The public reaction to any 
change In the traffic flow pattern must al
ways be considered very carefully. For 
example, merchants often fear that one-way 
street systems will substantially reduce 
their bu siness. Experience in many cities 
indicates that this is not the case. Busi
nes s income is usually increased due to a 
greater amount of accessibi~ity prov~ded 
potential customers. Transit operations may 
be adversely affected by one-way operation. 
While transit operation Kill benefit from 
reduced congestion, the added walking di s
tance may discourage more patrons than are 
gained from those living near the other half 
of the pair. The frequency of use by out
of-town drivers as well as the availability 
of a suitable s~te for the transition back 
to two-way operatio~ should also be consid
ered. 

Reversible flow, except in the rare case of 
total reversal, does not generally produce 
the adverse criticism which is characteris
tic of one-way operation. This is primarily 
due to the fact that reversible f low opera
tion matches the normal pattern of the major
ity of the population. Prohibiti?n of.left 
turn s is the reverse; however, being direct ly 
contrary to normal behavior usually does 
result in adverse reaction and frequently 
heavy political pressure. 

12.5 SMALL CAPACITY INCREASE ALTERNATIVES 
(less than 25 percent) 

A capacity increase of le ss than 25 per
cent ha s been termed a small capacity in
crease. There i s no intent to imply in
significant increases but rather increases 
of small er magnitude than those previously 
described. Included in this category are 
th e following improvement a lt ernatives: 

~ Unbalanced Flow 

• Right-Turn-on-Red 

• Two-way Left Turn Lane 

• Relocation of Bus Stops 

• Provision for Protected Left Turns 

The magnitude of the capacity increases to ' 
be expected is presented in Table 15.5. 

The accident reductions which can be expect
ed from the small capacity increase alter
natives are tabulated on the following page. 



TABLE 12.5. 

Alternative 

Unbalanced 
Flow 

R-T-0-R 

2-Way Left 
Turn Lane 

Relocation 
of Bus 
Stops 

Protected 
Left Turns 

TABLE 12 . 6 . 

Alternative 

Unbalanced 
Flow 

R-T-0-R 

2- Way Left 
Turn Lane 

Bus Stop 
Relocation 

Protected 
Left Turn 

Expected Capacity Increase -
Small Capacity Increase 
Alternatives 

Range of 
Capacity 
Increases 

5-15% 

2-35% 

8-20% 

0-10% 

Highly 
May Be 

Estimate 
Average 

8% 

18% 

10% 

3% 

Variable -
Negative 

Source .. 

Estimated 

Ray(6) 

Sawhill (7) 

Estimated 

Accident Reduction Expected -
Small Capacity Increase 
Alternatives 

Range of 
Accident Estimated 
Reduction Average Source 

0-10% 4% Estimated 

0-12% 3% Ray ( 6) 

10-30% 20%* Sawhill (7) 

0-3% Negligible Estimated 

0-60% 40% Malo(8) 

* Based on a reduction in left turns at the 
intersections and rear end collisions in 
the left lane midblock. 

TABLE 12.7. Estimated Trip Time Reduction
Small Capacity Increase Alter
natives 

Alternative 

Unbalanced Flow 

R-T-0-R 

2-Way Left Turn Lane 

Bus Stop Relocation 

Protected Left Turns 

Estimated Trip 
Time Reduction 

20-50% 

7-10% Ray(6) 

0-10% 

Negligible 

0-10% 
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The accident reduction benefits of the small 
capacity increase alternatives are generally 
lower than those associated with the large 
capacity increase alternatives. The pro
vision of protected left turns is the excep
tion. The 40% expected reduction in left 
turning accidents approaches the reductions 
achieved from the large capacity increase 
alternatives. 

Travel time reductions associated with the 
small capacity increase alternatives have 
not been as detailed as for the large capa
city increase alternatives. Based on the 
limited data available, an estimate of the 
trip time reduction which might be expected 
has been made. These estimates are pre s ent
ed in Table 12. 7. 

The unbalanced flow estimates are based pri
marily on the similarities of unbalanced 
flow and one-way operation where the provi
sion of multilane operation in one direction 
provides opportunities for faster moving 
vehicles to pass the slower ones. The two
way left turn lane has its greatest advan
tage in removing vehicles waiting to turn 
left from the through traffic lane. Since 
the left turn into roadside commercial areas, 
the predominant type of activity served by 
the two-way turn lane, is rarely made dur
ing the peak periods, the reduction in trip 
time is probably rather small, if measurable. 

The relocation of bus stops in the CBD can 
significantly reduce the delay to turning 
vehicles. On arterial streets outside the 
CBD, the frequency of local transit buses 
rarely produces a significant reduction in 
travel time, hence, the "negligible" esti
mate. 

The provision of protected left turns may 
reduce the length of the left turn queue and 
thus reduce the travel time to the through 
stream of traffic. It is not expected that 
the provision of a protected left turn 
would decrease the travel time by more than 
10 percent. 

The implementation costs of the small caoa
city increase alternatives have been esti
mated based on 1975 cost data. These esti
mates are presented in Table 12.8. 

TABLE 12.8. Estimated Cost of Implementa
tion - Small Capacity In
crease Alternatives 

Implementation 
Alternative Cost Estimate 

Unbalanced Flow $600 per Mile 

R-T-0-R $300 per Intersection 

2-Way Left Turn Lane $2000 per Mile 



TABLE 12.8 (Continued) 

Implementation 
Alternative Cost Estimate 

Bus Stop Relocation Negligible 

Protected Left Turn $S00-$1000 per Inter
section 

12.6 SIGNAL MODERNIZATION 

One of the reasons for continued accident 
problems at intersections in urban areas is 
comp e tition for driver attention. The pro
blem be comes most acute in commercial areas 
where advertising s igns and store window 
displays ar e designed to attract the eye. 
Th e situation become s particularly bad at 
wide intersections having signals post-mount 
ed on the corner and out of the driver's 
zone of sharp vision. Therefore, it appears 
that if the signal can be made mor e compe
titive visually, the number of traffic 
accidents should be reduced (9) . 

The Department of Traffic for Los Angele s in 
a continuing program to improve the visibil
ity of traffic signals along its arterial 
streets upgrades every signalized intersec 
tion approach of two or more lanes to the 
following s t andards: 

• Fifteen-foot long mast arms and 12-inch 
lens signal heads for each direction along 
th e arterial s treet; 

• Ma s t arms and 12" lens s ignal head s for 
each cross street approach of two lanes wide 
or wider; 

• Relocation of post-mount ed signals as 
clo se to the travel ed way as practicable; 

• Insta llation of pedestrian signals wh e r e 
warrant ed; and 

• Installation of high intensity luminaires 
( 9) . 

TABLE 12.9 . Signal Mod ernization Effects 

Signalized Unsignali ze d 
Inter sec tion s Int ersec tions 

Accid ent % Signi - % Signi-
Type Change ficance Chang e ficance 

Right Angl e -48% Yes +38% Yes 

Rear -End -49 Yes -22 No 

Left Turn - 7 No 0 No 

Pedes trian - 19 No +SO No 

Mi sce llan-
eo u s +84 Yes +226 Ye s 
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The only significant reducti?ns were in . 
right-angle and rear-end accidents: at sig
nalized intersections, the categories upon 
which improved signal vi s ibility could be 
expected to have the greate~t effect. The 
number of miscellaneous accidents would not 
be expected to be affected by improved visi
bility . Looking at the increase in the num
ber of right -angle accidents at unsignalized 
intersections and comparing it with the de
crease at signalized intersec tions, the 
effectiveness of improved visibility can be 
further demonstrated (9). 

Based on the accident history comparison for 
the 68 intersections which had improv ed sig
nal visibility, it can be concluded that 
this type of improvement will have a signi
ficant effec t in reducing the most predom
inant type of accidents at urban signalized 
intersections and will, therefore, have a 
high payoff in relation to the relatively 
low cost of improvement (9). 

The Department of Traffic for New York City 
had similar results from their program for 
improved visibility of traffic signals. In 
late 1966 and early 196 7, the city improved 
2S intersections in Manhattan by removing 
ob s olete signal heads and supports and in
s talling three-level WALK-DON'T WALK signs for 
pedestrians. The results were a reduction 
in injury accidents by S6.6% and total 
accidents by 2S.3% (10). 

In 1967, Detroit also had an extensive pro
gram of s ignal moderni za t i on. Improvements 
were mad e by installing two overhead signals 
on major routes and at least on e s ignal fac
ing each approach on minor streets. Th e 
accident rate on the average of the 20 im
proved intersections dec r eased by SO %. 
Right-angl e colli si on s dec rea sed a whopping 
7S%. 

The degree to which modernization may reduce 
accidents depend s on th e severity of acci
dents and traffic patt erns at the existing 
intersections . In general, modernization 
which provides better visibility, such as 
farside mounting, i s mo s t effective (11) . 

The benefi ts of signal modernization report 
ed for urban areas may not be as s ignificant 
for rural intersections. A recent study in 
West Virginia indicated no significant de
crease in accidents after upgra ding of the 
signalization to conform to the s tandards of 
the Manual on Uniform Traf fic Control De
vices. 

12.7 BENEFITS OF COORDINATION 

The benefit s of signal coordination are two
fold. First, effec tive coordination can 
r e duce th e numb er of stops at the signals in 
the system and reduce the potential for rear 
end colli s ions . Secondly, by r educing the 



number of stops, signal coordination can re
duce vehicular delay. While the travel 
time is reduced very slightly and speed 
increased slightly, the number of involun
tary stops is reduced by 40 percent and 
accident experience by some 10 percent. 
Si milar studies have indicated that a 40 
percent reduction in the number of con
gested cycles, a 2-3 percent increase in 
capacity, a 10 percent reduction in density, 
and a 5 percent reduction in the queue 
length can be expected from effective co
ordination of the signals. 

Cooper (13) evaluated the effects on travel 
time for alternate, simul taneo us, and flex
ible progressive systems. Figure 15.2 
illustrates that there is little difference 
in the alternative and simultaneous systems, 
whereas the flexible progressive system 
offered a substantial advantage in reduced 
travel time (33 percent at low volumes and 
26 percent at higher volumes). 

From these research findings, there can be 
little doubt that coordination of signal i zed 
intersections offers substantial benefits to 
the motoring public and s hould be considered 
whenever a series of signal s is located 
along one continuous. route. 

12.8 COMPUTER CONTROL OF TRAFFIC SIGNAL 
SYSTEiv!S 

12.81 Current Use of Digital Comput ers. 
The use of a d1gital computer to co ntrol 
traffic signal indications is c urrently in 
use in about 40 cities at the present time. 
Another 75 suc h projects are now in various 
stages of development, and an additional 30 
to 40 systems have been proposed (15). This 
magnitude of application s uggests that sub
stantial benefits can be obtained using di
gital comp uter control as the relatively 
l1i gh cost of s uch a system is well known. 

12 . 82 Types of Computer Control. Three 
basic types o± computer control are current
l y being used. 

• Computer Supervision of Local Control
lers - The use of a local intersect1on con 
troller driven by commands from the compu
ter is common . The lo cal contro l provides 
for signal operation during the periods of 
computer down time . 

• Multi-Level Computer System - The use of 
a multi l eve l computer system consisting of 
a micro-computer wit h preprocessing capabi
lity at the local intersection to control 
the signal indicat ion s and process the various 
input data and the supervisory computer 
which accepts preprocessed information, pro
cesses these data through the decision stage 
and issues commands back to the mini - computer 
to execute area control stratgies. 
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• Direct Computer Control - The use of 
direct contro l of signal indications by a 
central computer with a standby controller 
for emergencies at t he local intersection. 

The majority of all existing installations 
are of t he first type. This is primarily 
due to the lower initial cost and the neces
sity for standby controller in the event of 
a computer system malfunction. The use of 
a mini-computer provides for more flexibility 
in operating the intersection and reduces 
the number of communications links necessary 
to handle the input data from field sensors . 

12.83 Benefits of Computer Control . The 
flexibil1ty offered by d1g1tal computer con 
trol to adapt to wide variation in flow 
(parti cularly special events), a more complete 
moni toring of the control hardware and a 
better analysis of traffic data when combined 
with the public relations advantage of being 
able to say "We have the most sophisticated 
traffic control system available," may justi
fy the decision to go to computer control . 

The objective of providing mor e efficient 
operation using highly sophisticated forms of 
traffic responsive control is often question
able from a cost-effectiveness point of view. 
Tarnoff (16) indicates that with hi ghly 
responsive compu ter control, a reduction in 
delay of 4 to 5 percent is all that can be 
expected when comp ared to systems controlled 
by conventional control equipm ent which is 
being efficiently operated. This decrease in 
travel time at approximately three times the 
cost per intersection does not appear to be 
justified. However, on the basis of time 
saved, a travel time decrease of 2 to 3 per
cent wo uld offset the cost of t he comput er 
system over its expected life span (17). 

12 . 84 Cost of Computer Control. The in
cremental cost of a computer 1nstallation 
over that of a conventional installation to 
supervise the operation of about 100 inter
sections would be on the order of 1/4 to 1/2 
million dollars. Annual operating and 
maintenance costs of $25,000 to $50,000 
annually should be expected. For a more 
detailed treatment, the reader is referred 
to reference 18. 

1 2.9 CONCLUDING REMARKS 

The preceeding material has identified the 
magnitude of the increase in capacity which 
can be expected from a number of operational 
alternatives along with other operational 
benefits which would probably occur and an 
estimate of the implementation cost which 
should be anticipated. Using a knowledge 
of the demand which is to be satisfied, 
operational alternatives can be examined 
and a candidate list of alternatives which 
offer a magnitude of capacity increase 
sufficient to meet the demand can be selec
ted . 
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CHAPTER 13 
FREEWAY OPERATIONS f1AfJAGEf~EIH 

SESSION OBJECTIVES: 

1 . To make the transportation manager aware 
of the general concepts of freeway operations; 

2. To review the various alternatives of 
freeway operations management, and the atten 
dant costs and benefits; and 

3 . To identify the essential considerations 
for management decisions on freeway opera 
tions alternatives . 

13.1 WHY FREEWAY CONTROL AND OPERATIONS 

The value of freeway control is variable de 
pending on the character of the freeway and 
the nature of the congestion . In general, 
however, a controlled freeway may be stabil 
ized at a service volume of around 1800 to 
2000 vehicles per hour per lane, whereas, 
stop - and-go operation will result in service 
volumes of around 1200 to 1400 vehicles per 
hour per lane . Thus, the improvement in 
capacity is substantial . The annual savings 
in time will more than offset the cost of 
the control system. In this session the 
general management concepts are presented. 

13.11 Original Concept of a Freeway. The 
freeway was concelved as a non-stop, high 
speed roadway to carry travelers from origin 
to destination of a trip in a minimum time. 
As early as 1955, some doubts had been 
raised regarding the validity of this operat
ing concept. By 1960 serious attempts were 
underway to reduce the magnitude of conges 
tion on urban freeway systems. It is now 
rather apparent that control of access 
during a portion of the day will be required 
if the urban freeway system is to achieve 
even a fraction of the intended function. 

13.12 The Nature of the Freewa~ Concept 
Failure . The breakdown of thereeway con 
cept can be traced to two basic types of 
incidents. 

• Recurring Incidents . Congestion which is 
routltiely expected at predictable locations 
and time periods. Characteristically this 
type of incident stems from the demand on 
the facility exceeding its capacity. 

• Non-Recurring Incidents . Congestion 
resulting from unpredictable events such as 
accidents, incidents, bad weather, etc. 
These events result in the capacity of the 
facility being temporarily reduced to a 
value less than the demand level. The 
California Division of Highways reported 
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that 57 percent of the congestion - producing 
incidents were of the non - recurring variety. 

13.13 Control and Operational Strategies 
Used to Malntaln Intended Freewa* Functlon . 
The strategles used to protect t e functlon 
of the freeway system fall into two broad 
categories . 

13.13.1 Recurring Incidents . 

• Reduce demand through ramp control . 

• Reduce demand through mainline control . 

13 . 13 . 2 Non - Recurring Incidents. 

• Clearing of capacity limiting incident; 
and 

• Demand control during incident duration . 

Implementation of these strategies takes on 
many forms as required to meet local site 
conditions and legal restraints . 

13.2 ELEMENTS OF FREEWAY OPERATION 

13 . 21 Ramp Control (1) . The control of 
access to the freeway at on-ramps is a basic 
approach to limiting the demand on a con
gested freeway section . This , in general, 
takes two forms: 1) Ramp Metering, either 
on a real time or time-of-day basis; and 2) 
Ramp closure, either on a short-term tempo
rary basis, or on a permanent basis.' 

13 . 22 Main Line Control . On - freeway control 
of demand usually lnvolves one of three 
basic types of controls: 1) Lane closure 
on either a temporary or permanent basis; 
2) Limiting upstream demand through some 
form of control; and 3) Speed control to 
take better advantage of available capacity . 

13.23 Corridor Operation. Frequently, when 
the freeway is conge s ted, a parallel arter
ial street may have relatively light traffic . 
This is particularly true in the case for 
nonrecurring incidents . This fact suggests 
that simultaneous control and surveillance 
of both the freeway and parallel arterial 
street signal systems in the same travel 
corridor could be used to great advantage. 
Corridor control includes three basic 
operations: 

• Surveillance of the traffic status of 
all facilifies being controlled; 

• Projecting future traffic status of the 



facilities; 

• Advising the motori st at critical points 
in the system of the best a lternative routing. 

Corridor control systems may also include 
r~al - time modif~c~tion of traffic signal 
d1splays to opt1m1ze the total corridor 
flow. 

13.24 Traffic Surveillance. Surveillance 
of the traff1c status on the roadway being 
controlled is t~e o~ly _ means of determining 
when non-recurr1ng 1nc1dents require modifi 
cati?n of the co~t~ol strategy and what 
magn1t~de ?f ~od1f1cation is necessary. For 
~ecurr1ng 1nc1dent management, surveillance 
1s nece ssary to determine any changes in 
the s-ys tem' s operation which would require 
modification of the control strategy. 

13.25 Real-Time Information Systems. While 
70 to 80 percent of the benef1ts of demand 
control can be achieved on a time-of-day 
implementation of ~reeway controls, such 
systems can not qu1ckly respond to un 
p~edictable incidents. A system of real
tlme measurement, evaluation control and 
driver information feedback is required to 
fully take advantage of the control system. 
The driver feedback portion of the real
time control system is termed Real-Time 
Information Systems. 

The provision for real-time information dis 
plays increases the cost of system control 
by a subst~ntial amount. Such sys tems are, 
however, v1able alternatives on many urban 
freeway systems where two or more alterna
tive routes are available within a single 
traffic corridor. 

13.3 J'v!ANAG ING DEJ'v!AND THROUGH FREEWAY CONTROL. 

13.31 Measuring Demand. The basic flow 
equation wh1ch must be solved is: 

Density = Volume/Speed 

rhus, these three parameters are the most 
fundamental ones to mea sure. Evera ll (1) 
iiscusses the various methods of measuring 
1nq displaying these bas ic parameters as 
ve il as a host of other mea sures which may 
Je beneficial. Pinnell, et al. (2) also 
iiscuss the se parameters and illus trate 
their application. 

l3.32 Surveillance Methods. Methods of 
risual surve1llance of traffic facilities 
1ave been examined in detail by Reiss, et al. 
[3). These data, combined with the experience 
Jf the Texas Transportation Institute in 
llectronic s urveillance, lead to the follow
Lng methods being identified and the cost 
lata for each presented. 
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Annual 
Initial Costs 

Sz:stem Cost (10 z:ears) 

CCTV (4) $400,000 $80,000 

Patrol Vehicles (3) * $40,000 $230,000 

Electronic 
Surveillance 
--real time (4) $700,000 $80,000 

Electronic 
Surveillance 
--time of day (4) $200,000 $50,000 

* Includes $35,000 for the renewal of 
vehicles within 10 years. 

Each of these systems must be carefully 
examined to determine which has the greatest 
potential · for meeting the needs at a parti
cular location . 

13.33 Ramp Metering. Ramp metering i s 
perhaps the s1mplest and the most common 
approach to regulating demand on an urban 
freeway. Metering systems can range in 
comp l exity f rom a signal on a si ngle ramp, 
operated by a time c lock, to a ser ies of 
several ramp s ignal s s up ervised by a compu
ter on a traffic response basis. Within 
the context of ramp metering, there are 
three basic alternatives; ramp closure, 
fixed met e ring rates, an d traffic respon sive 
meteri ng rates. 

13.33.1 Ramp Closure. Ramp closure simply 
prohibits entry to the freeway at a given 
ramp during critical hours. This is a severe 
alteration_of traffic operation in a given 
area, and 1s generally used to divert short 
trips near the CBD to the surface street 
system. Closure may also be used where 
an area may be served more efficiently at 
another ramp. 

13.33 .2 Fixed Metering Rates. The number 
of opportun1t1es to enter the freeway is 
controlled on a time-of - day basis using 
predetermined metering rates. This is the 
simplest operational scheme for ramp meter 
ing and can be expected to yie ld 70-80 per
cent of the benefits of a real time control 
system at about 30 percent of cost. 

The planning data required for implementa
tion of a fixed time ramp metering system 
are: · 

• 0-D Studies of vehicles using the ramp s 
for an accurate prediction of the pattern 
of traffic diversion 

• Before studies: 

• Volumes by time of day 
• Peak and off-peak speed data 



• 

• 

• 

Travel times during peak and off
peak periods 
Demand-capacity analysis of 
bottlenecks 
Studies of probable effect of diver
sion on parallel streets 
Cost effectiveness of control to 
justify controls 

Pinnell, et al. (2) cover in great detail the 
development of specifications for control 
equipment for isolated ramp control. As a 
general cost guidance, a figure of $10,000 
to $12,000 per entrance ramp should be 
anticipated. 

13.33.3 Traffic Responsive (Closed Loop) 
Ramp Control. In traffic responsive ramp 
control, the decisions for closure and open
ing of the ramps, changes in the metering 
rate, and the time of release of ramp 
vehicles are based on traffic conditions 
at the time of control. 

• Planning for Traffic Responsive Systems. 
The pTanning studies for traffic responsive 
systems are essentially the same as for fixed 
time metering systems. 

• Traffic Responsive Control System 
Components. 

• 
• 
• 
• 

A display subsystem 
A vehicle detection subsystem 
A transmission subsystem 
A control subsystem 

The transmission and control subsystems are 
the elements which drastically increase the 
sys tem cost, although some additional detec
tion equipment is required. It is also 
these features which provide the real-time 
control capability . Blumentritt (4) esti
mates that these two subsystems each cost 
just about the same amount as the cost for 
the first two subsystems. 

13 .34 Main Line Control. The closure of 
lane s on the freeway has long been used as 
a basic control strategy. The John Lodge 
Expre s sway in Detroit and the Oakland Bay 
Bridge in California are examples of such 
sys tems . Main line control through closing 
one or more lanes of the freeway to improve 
the operation on another element of the 
system has proven to be very successful. 

More recently, proposals for main lane 
demand metering have been made. This concept, 
if implemented, would place signals on the 
main lane s at points well upstream from the 
congested area and meter the flow into the 
s ection. This will permit a greater 
utilization of the ramps downstream and 
thereby improve the operation of inter
secting roadways. 

Main line controls have an inherent disad
vantage over similar ramp control systems. 
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Namely, there is no alternative route, and 
the roadway ahead is relatively clear . 
These conditions are conducive to a high 
violation rate, and relatively high level 
of enforcement will probably be required 
to make the system operate successfully . 

13.35 Corridor Operation. The balancing of 
the traffic loads among the parallel facil 
ities within the corridor in accordance with 
the demand/capacity relationship will result 
in optimum operation. Extending the scope 
of the control system increases geometrically 
the information requirements for effective 
control. While pretimed systems can be 
effective, the inability to respond to inci 
dents on any one of the facilities limits 
the potential of the system . Real-time 
control is necessary to reap the substantial 
benefits of corridor control systems . 
Elements of the system - A corridor control 
system usually contains the following ele 
ments: 

Freeway Surveillance Sys tem 

• Free\vay Ramp Control System 

• Frontage Road Surveillance System 

• Frontage Road Control Sys tem 

• Arterial Street Surveillance System 

• Arterial Street Control Sys tem 

• On-Freeway Driver Information Systems 

• Off-Freeway Driver Information Systems 

• A Supervisory Computer System 

The complexity of a corridor control system 
is apparent. A rather sophisticated compu 
ter is necessary to monitor the operation 
and evaluate the rather complex trade-off s 
involved. 

13.4 MANAGING NON-RECURRING INCIDENTS 

13.41 The Problem. Freeway control mea 
sures have improved the operation and 
safety of urban freeways, but are limited 
in their ability to respond to capacity 
reducing incidents . These incidents in 
volve more than half of all congestion pro 
ducing situations as previously noted. Such 
incidents result in excessive vehicle de
lays, an increased level of driver frustra 
tion and adversly affect tlte s afe ty of 
other motorists. 

On a typical section of older freeway of 
about 8 miles in length, an average of 13 
incidents per week occurred in one direc 
tion only. An accident blocking one lane 
of a three-lane, one -way roadway reduces 
the capacity by 50 percent. When two of 



the three l anes a re blocked, an 80 pe rcent 
r e duc tion occu r s . 

The probl em t hen is to identify the exi~t 
enc e of an incident , to cl ear the capac1ty 
r e duc i ng si tua tion as s oon a s po s sible, and 
to con t rol the s ys t em input s to a level at 
or be low th e rema in i ng c apacity. 

1 3 . 42 In c ident De t ection and Identification . 
Method s of de t e c t1ng c apac1ty- r educ1ng ln 
cident s inc lude : 

• Pa trol Vehi c l es 

• Roads i de Ca ll Boxe s 

e CCIV 

• El ect ron ic Survei llance 

• Aer i a l Survei llance 

1 3. 4 2 . 1 Patrol Veh i cl e s 

Advantages : 

• In s t ant c lassi fication of incident 

• Minimum r es pon se time to incident s 

• Minimum time to c l ear in c ident s 

e Can se rv ice minor needs immediately 
(gas, flat ti r e, e tc . ) 

Di s advantages: 

• Co s t 

• Take s pe r s onnel from othe r dutie s 

• Uses l a r ge quantiti es of f ue l 

1 3. 4 2 . 2 Ro ads ide Ca ll Boxe s 

Adv antages : 

• Permi t c l ass i f i cation of ne ed to a 
deg r ee 

• Iden t i f y general ar ea of inc ident 

• Less cos t l y than patrol unit s 

Di sadvan t ages : 

• Location of i nc iden t not defined 

• Li mi ted i den t i fica t i on of need 

• Fa l se ca ll s or drive r leaves p r ior to 
a r r iva l of he lp 

• Vanda l ism 

• Tim e de lay 1n res ponding to incident 

• Co s t of serv ice dif f icult to indicate 
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13 . 42 . 3 Closed Circuit Television 

Advantages: 

• Positive identification of incident 

• Immediate classification of incident 

• Positive location of incident 

• Identification of best approach to in
cident for emergency vehicles 

Disadvantages: 

• High initial cost 

• Relatively high annual operating costs 

• Visual monitoring is boring and,after 
a few days,major incidents may go undetect 
ed for several minutes 

• Electronic surveillance backup systems 
are commonly required to alert monitors to 
potential problems 

13 . 42.4 Electronic Surveillance. 

Advantages : 

• Incident detection not dependent on 
human monitoring 

• Effects of incident detected quickly 

• Lower cost than other surveillance 
alternatives 

Disadvantages : 

• No classification of incident type 

• Delay in arrival of emergency equipment 

• Vehicle mus t be dispatched to investigate 

• System subject to electronic malfunctions 

13 . 42.5 Aerial Surveillance 

Aerial surveillance us ing both helicopter 
and fixed wing aircraft have been used. 
Basically, the s e are TV systems with an air 
craft a s the mechanism . 

Advantages : 

• Large area coverage with minimum equip
ment 

• Better perspective of incident 

• Po s itive incident identification 

• Positive location of incident 

Di s advantage s: 



• Costly 

• Limited by weather conditions 

• Requires visual monitor s - boring 

~3.43 Incident Servicing. One of the most 
Important aspects of servicing freeway inci
dents is the rapid clearing of the incident 
in order to restore normal operation. Sev
eral methods of providing needed motorist 
services have been employed including the 
following ones: 

• Courtesy patrols 

• Police 

• Emergency Services 

13.43.1 Courtesy Patrols. The cost-effec
tiveness of courtesy patrols was examined 
by Fambro (5). Fambro reports that in one 
year of courtesy patrol operation on a 24-
hour basis, an estimated total of $477,000 
in savings were attributed to the system. 
Of the total, some $385,000 was estimated 
as time savings by motorists by early clear
ing of the incidents. The cost of the 
service was $230,000 which results in a 
cost/effectivenes s ratio of 2.07. Courtesy 
patrols on high volume urban freeways appear 
to be hi ghly cost effective. 

13.43 .2 Police Services. The use of police 
vehicles to service motorist need s 
on urban freeways ha s been successfully 
utilized . Often the approach i s discourag
ed due to the lack of adequate manpower by 
th e police agencies. Another distinct 
drawback to this approach is the problem 
of lack of coverage when emergency calls 
are being handled. For the se reasons, the 
police unit s are commonly instructed to 
provide reasonable assistance to s tranded 
motorist s in order to insure the safe ty of 
other motori s t s, but th ey are not generally 
assigned to courtesy patrol duty ·on a 
routine bas is. 

13.43. 3 Emergency Services. Meeting the 
emergency service need of freeway drivers 
can be handl ed in one of a number of ways. 
The most basic one is the calling of private 
businessmen to provide needed services. A 
careful program must be worked out to in
sure that private firms will not compete 
for emergency service business and,at the 
same time, i n sure that the motorist will not 
be overcharged for services actually rend
ered. This has been accomplished by setting 
up a rotating call system including all 
firms providing the needed service in a 
given area and s pecifyin g the amount that 
ca n be charged for the serv ices rendered 
as a r es ult of a call fro m the police. 

When fire and ambulance vehicles must reach 
an accident scene quickly, travel the wrong 
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way up the freeway from the next downstream 
exit ramp is frequently the only practical 
way to reach the site. When this approach 
is used, great care must be exercised by 
the emergency vehicle driver to insure 
rea sonably safe operation in this very un
expected situation. 

13.44 Restoring Traffic Service. 

13.44 . 1 Efficient Detection and Identifi
cation. The restoring of normal traffic 
conditions is most directly controlled by 
the time required to identify the nature 
of the capacity-reducing incident and get
ting the needed services. The various sur
veillance methods are discussed in Section 
13 . 42 above. The transportation manager 
must place the greatest emphasis on minimiz
ing the response time to incidents. 

13.44 .2 Accident Investigation Sites. Ab
normal incidents on freeway lanes cause 
hazardous operations, congestion and delay 
to motorists. The most common ones encount
ered are accidents and stalle~ vehicles. 
The effect of these incidents is illustrated 
by the data presented in Table 13.1. 

TABLE 13.1. Available Capacity During 
Different Freeway Incident 
Conditions 

Condition 

Normal 

Stall (one 
lane blocked) 

Non-Injury 
Accident 
(one lane 
blocked) 

Accident (two 
lanes blocked) 

Accident on 
Shoulder 

Observed 
Flow Rate 
(Veh/Hr) 

5,560 

2,880 

2,7 50 

1,150 

4,030 

Reduction in 
Capacity 

48% 

49% 

80% 

28% 

As noted in Table 13.1, the effect of 
blockage is significantly greater than the 
actual blockage. The se data do not take 
into account the effects on vehicles travel
ing in the opposite direction. The effects 
noted in Table 13 . 1 remain until the inci
dent i s cleared from the motorists are 
Police investigation of an accident is 
usually made on the shoulder of the free
way and, therefore, extends the time period 
during which the upstream motori s t s are 
distracted by slow moving vehicles. 

One solution to this problem is the use of 



sites located in areas not visible to free
way motorists for investigation of the 
accident. The use of such sites not only 
improves freeway operation but reduces the 
hazard to investigating officers and the 
involved drivers. 

In most urban areas, many miles of urban 
freeways do not have sites specifically 
prepared for the investigation of accidents. 
A priority should be established to provide 
for the installation of accident investiga
tion sites as a service to the motoring 
public. One site should be identified for 
each freeway exit ramp . Unused space under 
elevated structures, on adjacent service 
roads, or on the local street system can 
be used . The se sites must be known to the 
police and their function explained to the 
public. 

The cost of implementing accident investi
gation sites will vary from less than $100 
to several thousand dollars depending on 
local site conditions. This cost will, 
however, be almost fully offset by removal 
of one peak period accident to the site for 
investigation. 

13 . 44 .3 Real - Time Driver Information Systems. 
Those locat1ons 1nstrumented for closed loop 
feedback of information to upstream motorists 
can utilize this capability to divert up
stream drivers to alternate routes thus 
reducing the demand on the congest~d section 
of the freeway. To fully utilize the poten
tial of the urban freeway systems, dynamic 
information systems must be used. 

Real-time control doe s not necessarily mean 
instantaneous control. Real-time systems 
operate on a time-of-day basis, on specific 
predictable incident basis and on short
term response to specific incidents. The 
transportation manager must begin to think 
in terms of dynamic information systems 
and work toward their implementation and 
use. 

13.5 MANAGEMENT GUIDELINES FOR TRAFFIC 
CONTROL SYSTEMS 

13.51 Mantower Requirements. The basic 
steps in t e development of traffic control 
systems include: 

Problem Definition 

1 Development of the Traffic System 
Cnowledge Level 

Design of the System Subelements 

Constraint Eva luation 

:he development of complex traffic control 
;ystems requires a manpower base which in 
:ludes many different specialists. Notable 
.n this group are systems engineers and 
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systems analysts, traffic control special
ists, computer technology specialists, and 
the technical manpower to plan for, install 
and operate the system. The basic cost of 
such a team of specialists would approach 
$150,000 per year. 

13.52 Setting Objectives. Problem defini 
tion prov1des deta1led 1dentification of 
the problem or problems to be solved and 
the establishment of specific system 
objectives. 

They should evolve from traffic studies and 
provide a clear definition of the results 
expected from the system. Functional areas 
in which objective s should be established 
include: 

Traffic Operations 

• Minimize Delay 

• Minimize Stops 

• Maximize Capacity · 

• Minimize Accidents 

• Others 

System Reliability 

• Maintainability 

• Failure Monitoring 

• Fail-Safe Backup Systems 

Adaptability 

• Traffic Changes 

• Physical Changes 

• Control System Expansion 

• Ne\" Control Strategies 

• New Control Functions 

Implementation 

• Phase Implementation 

• Traffic Impact 

• Implementation Complexity 

• Availability Schedules 

Flexibility/Special N~eds 

• Priority Service for Selected Vehicles 

• Driver Information Systems 

• Surveillance 



• Area Wide Control 

13.53 Identification 
Control system now e 
an identification and 
major elements of the traffic control system. 
This effort will provide a basis for detail
ed design of the system subelements and help 
in the identification of the constraints. 

Constraint evaluation permits consideration 
of specific limiting conditions such as (a) 
funding, (b) time requirements, (c) legal, 
(d) political and others. The constra int 
evaluation process will screen the candidate 
systems, however, it should not be allowed 
to necessarily inhibit the conceptual design 
process. This process will result in a list 
of several (10 or less) candidate systems for 
pos si ble implementation. 

13.54 Analysis and Evaluation of Alternatives. 
Cost/benefit analysis and cost/utility analy
sis are the commonly used techniques for 
selection of the single best alternative. A 
cost/benefit analysis is very desirable pro
viding that all the effects of the system can 
be quantified in monitary terms . This in 
cludes capital costs, operating costs, and 
maintenance costs through the life of the 
system as well as the benefit s (both positive 
and negative) to society. Benefit quantifi
cation is difficult for s uch items as delay 
reduction, accident reduction, reduced system 
failures, improved driver information and 
similar items . 

Cost/utility analysis is desi gned to measure 
the "utility" of a candidate system which is 
not directly convertible to dollar value, 
but can be directly compared to the "utility" 
of another candidate system. The "utility" 
is determined by assigning arbitrary weights 
to defined and measurable system features. 
Each sys tem is rated in accordance with its 
ability to meet the system objectives and 
the utility rating calculated . If this tech
nique i s used objectively the re s ulting 
"utility rating" can be used to rank order 
candidate systems. 

1 3. 55 Plans and Specifications. In addition 
to the standard drawing and specifications, 
complex traffic control sys t ems r equire some 
special specification items. 

Deliverable Services. The de liverable se rv 
Ices specification should include a detailed 
identification of the services to be pro
vided by the contractor during i n s tallation, 
prior to acceptance by the operating agency 
and during the first several years of opera
tion. The level of system documentation 
(operating manuals, parts li s t s, schematic 
diagrams, s oftware documentation, etc.), any 
training to be required for oper at ing person 
nel , the support staff to be provided during 
installation and testing of the system hard 
ware, warranties or guarantees expected, 
maintenance especially on interface and trans -

mis si on equipment and the specific system 
acceptance tests that will be used should 
all be s pecified. 

13.5? Routine O~erations and Management 
Requirement s. T e successful Implementation 
of a traffic control system does not end the 
problems for the traffic control engineer . 
The success of the system will depend on his 
ability to manage the system and keep it 
operating efficiently on a day-by-day basis . 
Three basic considerations are involved: a) 
operation of the system, b) maintenance of 
the system and c) evaluation of the system 
operation. 

The sys tem must operate in th e full public 
view and, therefore, any system malfunction s 
( e ither t echnical or component) will be 
quickly identified. Also, there is a trend 
toward almost continuous computer operation 
of the sys tem . Thu s , the problem of staffing 
the control ~enter for sys ~em monitoring, 
data collection and ana l ys1s , and system up
date s i s a primary one . Coordination with 
the multiplicity of governmental agencies 
involved i s also a critical management 
problem . 

The maintenance of traffic control systems 
involves two basic t ype s: a ) scheduled and 
b) un sc he duled. The scheduled maintenance 
program should be designed to keep the un 
scheduled maintenance activities to a minimum. 

Traffic control systems are justified on the 
bas is of projected improvements. Evaluations 
should be made to confirm or reject these 
projected benefits and to identify system 
modifications which will result in greater 
public utility. "Before" and "After" s tudies 
form the ba s is for a valid system evaluation 
proce dure. Based on the sys tem evaluation 
s tudi es, the system can be updated as 
required to meet changing traffic demand s . 
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CHAPTER 14 
TRANSPORTATION ALTERNATIVES AND THE STREET NETWORK 

SESSION OBJECTIVES: 

1. To summarize the transportation alterna 
tives available to reduce demand and 
increase the capacity of existing trans 
portation facilities . 

2 . To summarize the interrelationships of 
various alternatives . 

3 . To discuss some of the considerations to 
be given to transportation improvements 
in the planning process - both long
range improvements and transportation 
system management improvements and in 
the development of a transportation im
provement program . 

14 . 1 INTRODUCTION 

In this course, we have attempted to present 
the prinicpal alternatives available to the 
transportation manager for the improvement 
of urban transportation. We have concen
trated on the short-range,quick pay-offal 
ternatives in an effort to deal with the 
problems that are upon us now . This is not 
to say that long-range plans-are not needed . 
They are, indeed, an important element in 
providing transportation for the future. 

For a moment, consider two very general al 
ternatives that are, in theory, available to 
us today: (1) improve our existing systems 
by making them operate more efficiently, or 
(2) expand the existing systems to accomo 
date the increases in demand at the same 
efficiency level of today . It is time to 
face the facts - our system is mature. We 
have not added a new transportation facility 
concept since the 1950's and there is not 
a major breakthrough on the horizon. Fur
thermore, the transport vehicle has not been 
advanced appreciably since the 1950's, but 
it is a more efficient vehicle today than it 
~as in the 1950's . Can we say the same for 
the system? Is it handling more person 
trips than in the 1950's? Can the system 
~andle more? Obviously, the answer is yes, 
if we are willing to concentrate our efforts 
Jn improving the system. 

14 . 2 REVIEW OF ALTERNATIVES 

14.21 Alternatives for Reducing Demand . As 
1 quick review of the alternative improve
nents to urban transportation, there are al 
ternatives that serve to reduce the demand 
for transportation . Such reductions in de
nand may be realized be reducing the number 
Jf person - trips, reducing the number of ve-
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hicle trips by increasing the number of 
person-trips per vehicle, or by shifting 
person-trips out of the critical peak period 
demand. Alternatives that are available to 
the transportation manager for reducing de
mand include: 

• Transportation Pricin~ . The process of 
impos1ng costs on thoseeing transported, 
commensurate with cost to society for per
forming the transportation service. Some 
pricing alternatives have worked; others 
have failed, and for others, the true effec
tiveness is yet undetermined. However, 
there is one side benefit of rational trans
portation pricing; even if it fails tore
duce demand, it places transportation costs 
on those who receive the benefits . 

• Peak Hour Demand Management. The process 
of regulating work schedules to spread the 
peak hour demand is a very effective alter
native, but does not fall within the total 
jurisdiction of the transportation manager. 
Providing the leadership in the imple
mentation of variable work hours through 
business, industry and government will cer
tainly test his managerial capabilities. 

• Ride Sharing Programs . Increasing the 
occupancy of vehicles using transportation 
facilities through ride sharing programs 
will certainly increase the efficiency of 
the system . In one major city, it is esti
mated that 500,000 daily work trips are 
made in vehicles with single occupants. If 
20 percent shared rides, this would be a 
reduction of 100,000 trips daily. Ride 
sharing requires incentive, opportunity and 
marketing. Opportunity is provided through 
carpools, vanpools, subscription bus service, 
etc.; incentive is provided through pricing, 
convenience, and reduced hassle; and market
ing is provided through good management. 

• Improving Public Transportation. Im
proving or instituting public transportation 
systems in congested metropolitan areas can 
be significantly beneficial. Implementation 
efforts must be three-fold: technology, 
management, and marketing. For example, 
technology has provided bus rapid transit, 
but it can be effective only if it is man
aged to meet the needs of the ridership 
and sold to the clientele through specific 
marketing programs. 

• Bicycling . 
has increased 
and it serves 
At this point 

The popularity of the bicycle 
tremendously in recent years, 
certain needs very effectively. 
in time, the bicycle has minor 



potential in reducing the transportation de
mand on existing systems. However, the 
transportation manager should consider the 
safety and service aspects of the increasing 
numb er of bicycle riders in the urban area. 

14.22 Alternatives for Increasing Capacity. 
The transportation manag er can compound the 
improvement s to the transportation system 
if he is able to increase the number of per
son-trips per vehicle, and then, by the im
plementation of other alternatives, increase 
the vehicular capacity of the transportation 
facility. We have discussed a number of al
ternatives that relate directly to increas
ing the capacity of transportation facili
ties. 

• Improving Urban Goods Movement. One of 
the major restrictions to capacity of the 
street system (and sidewalks) in the CBD is 
the movement and curbside parking of trucks 
involved in the pick up and delivery of goods. 
Provision of off-street loading facilities is 
a long -range so lution, but significant short
rang e benefit s may be realized by regulation 
of curbside activities. 

• Imtroving Pedestrian Facilities. Every 
trip egins and ends with pedestrian move
ment, and in many instances it is the only 
realistic mode of travel. Through the pro
per planning, design , and operation of ped
estrian facilities, pedestrian travel may 
be enhanced, and urban transportation im
proved greatly. Improved sidewalks, traffic 
controls, grade separations, malls, and 
other pedestrian systems increase the safety 
and operational efficiency of transportation. 

• Improving Traffic Operations. How we 
utili ze or operate available transportation 
facilities determines to a great degree the 
efficiency of these facilities. Making im
provement s to traffic flow patterns, minor 
design features and regulatory measures can 
be quick pay-off alternatives for improving 
urban transportation. Suc h a lt ernatives 
include intersection improvem ent s, access 
regulation, one -way street systems, unbal
anced flow, and others. 

• Freewa 0 erations Mana ement . We have 
foun t at reeways are e 1cient, capacity
wise, if reasonable operating conditions can 
be maintained. Congestion, whether induced 
by excessive demand or a specific incident, 
results in reduced operational efficiency. 
Therefore, a major improvement to urban 
transportation may be achieved by managing 
the urban freeway system to achieve peak 
efficiency. 

14.3 IMPLEMENTATION OF IMPROVEMENT ALTER
NATIVES 

Due to the complexity of urban transporta
tion and the various local factors influ
encing transportation needs and resources, 
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no single, clear-cut alternative is suffi
c~ent. ~n fact, ~he transportation manager 
w1ll be 1nvolved 1n the se l ection and im
plementation of several alternatives simul
taneously in an effort to provide a worka
ble system. Thus, it is essential that we 
give some co nsideration to the process of 
analyzi ng and selecti ng alternative solutions 
to transportation problems. 

• Establishing Community Goals and Objec
tives in Transportation. This is a very 
1mportant element because the transportation 
manager cannot impl ement alternative so lu 
tions that are in conflict with community 
goals. Th e transportation manger can and 
s hould have considerable influence in setting 
these goals and objectives, because he be st 
understands the limitations in technology 
and resources that will affect the establish
ment of realistic goals and objectives . 

• Identification of Transportation Problems. 
Superficially, transportation problems are 
identified by the occurrence of severe con
gestion on transportation facilities and its 
effect on the environment and society in 
general. However, the cause of the problem 
is mo re elusive and leads to the next step. 

• Analyzing the Problem and Identifying Al
ternative So lutions. It is necessary that 
transportation problems be traced back to 
their true cause in order to identify work
able solutions . The problems must be analyz
ed in terms of their relationship to the 
total transportation system rather than a 
s ub system component. For example, seeki ng 
a solution to a capacity problem on the free
way system i s not suffi cient until the total 
corridor travel demand and the capab iliti es 
of other corridor transportation facilities 
have been analyzed. 

• Selection of Alternative Solutions. In 
selecting alternative solutions, it is neces
sary that the interactions of combinations 
of alternatives be considered in order that 

· the sol utions may be complementary rather 
than contradictory . For examp le, the imple
mentation of carpooling programs da~ be con
tradictory to existing or propose lmPiemen
tation of express bus service. Most exper
ience to date indicates that parallel pro 
grams are not contradictory, but the fact is 
we have insufficient experienc e with paral
lel programs at this time. Because there is 
a lack of experience in these matters, urban 
transportatio n manag ement shou ld take action 
to keep abreast of activities in other urban 
areas. 

14 .4 COORDINATION OF PLANNING, DESIGN, AND 
OPERATION 

Even though we have been stressing the im
plementation of short-range improvements to 
the existing urban transportation system, 
we mu st no t lo se sig ht of the value of an 
orderly process of planning, design, and 



operation of transportation facilities . 
Even though our current system is maturing, 
we will not cease to expand,re-build andre
place parts of the system to satisfy future 
needs. For this reason, we should review 
some of the aspects of good coordination. 

14.41 Planning. Planning is the key to 
providing a transportation system which will 
mee t the needs of the future. In the d evel 
opment of a transportation plan, inputs from 
many sources must be obtained . These in
put s need to include those which will help 
develop a system that will satisfy the 
social, economic, and environmental goals of 
the urban area. From a technical point of 
view, the design and operational aspects of 
the system must be considered to assure that 
the variou s elements of the system are in 
"harmonic balance" or compatible within the 
system. These elements refer to both inter 
modal and intramodal. 

For example, intermodal balance would pro 
vide for the various travel needs that exist 
in a corridor - autos cannot sat i sfy all 
trip makers needs, nor can rapid rail or bus, 
each by themselves. But a combination can 
provide a mode to mat c h a particular need . 
Further, thi s modal balance must relate to 
land users, and make provisions to control 
land uses and access so that all modes will 
function as planned . Intermodal balan ce 
also refers to the transfer and combination 
of modes to satisfy the trips . Thi s trans
fer needs to be assumed and protec ted . 

Intramodal balance refers to those elements 
of a particular modal subsystem. For the 
highway system these would be: s ufficient 
number of the various functional classes of 
streets, proper location, and sufficient 
right-of-way. 

14 . 42 Design . Design of the transportation 
system should be based on the tran s portation 
objectives which would cover the life of 
the facilities comprising the system. This 
is rather difficult considering that the 
various facilities have varying degrees 
of permanency . Rail facilities ma y last 70 
to 100 years, and highway s may la s t only 20 
to 40 years. Therefore, the design standards 
that are developed mu s t consider technolo
gical changes that may occur resulting in 
basic changes of geometric and support 
equipment de sig n . 

Fl exi bility i s the key to good desig n . Our 
inability to accurately predict transporta
tion needs in the future make s flexibility 
in d es ign a very important factor . Changing 
the "face" of the facility is far more prac
tical than changing the compl e te structure 
of the facility. 

The design must satisfy the operational ob
jectives of the facility . Thu s, it is 
necessary that the de s ign process include 
strategic op era tional reviews. 
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14.43 O~erations. Traffic operations is the 
day-to - ay regulation of the use of a traf
fic facility to produc e the desired end re
sult, a service to the public. As indicated 
previously, the s ucces s of the operations 
e lement is greatly dependent upon how well 
the planning and design processes were 
carr ied out. On the other hand, operations 
is more complex than the mere mechanical 
processes of implementation and maintenance . 
To achieve maximum efficiency from a system, 
the operations engineer must assume a role 
of management . He mu s t manage the process 
of moving people and goods which includes, 
but is not limited,to regulation . The 
operations manager must be concerned with 
the di str ibution of travel with time , 
specif ically within peak periods; he must 
be concerned with operational characteris
tics which increase the capability of the 
system to accommodate people ; and, he must be 
concerned with providing an acceptable inter
face with the various transportation modes . 

Traffic oper atio ns ha s the advantage of re
quiring low-capital or non - capital expendi
tures and, therefore, requires a shorter 
implementation time than the planning/design 
elements of the total tran s portation pro 
cess. For this reason, operations can 
assume a shorter range of sufficiency, and 
stage dev e lopment may be used to increase 
the effectiveness of available resources. 
However, traffic operations s hould not be re
l egated to the position of a reactionary 
process. 

14 . 5 THE STREET AS A TRANSPORTATION CORRIDOR 

Transportation cor ridor s can consist of many 
mod es of transportation - including but 
not limited to highways utili z ing auto, bus, 
and truck mode s; rail mode s ; and even pipe
lines. The whole urban area's development 
is affected by the capacity and operation 
of these corridor s. All mod es are important 
and must be c on si der e d in the development of 
a parti c ular corridor. However, every city 
throughout history and probably in the fore
seeable future has had or will have one trans
portation element which is a principal in
fluence on the urban character - the street 
and highway system. This ba s ic character 
will b e influenced and varied bv other 
transportation mode s provided. · 

Since the 5t reet s and highway s constitute the 
primary transportation element in a communi
ty at the pr esent time and will for the 
foreseeable future, it is important to dis
cuss the functions of this element. 

14 .5 1 Review of Street Functions. The 
current functions of street s y s tem s are de
fined as the movement of people and goods 
in vehicles (all compatible types), and ac
cess to the land . Additionally, the street 
may serv e pedestrian movements, utilities, 
vehicle parking, s torage, and various and 



sundry functions related in some way to 
land use . Thus, the stree t is a corridor 
that se rves a general need . 

If we compare thi s curr ent function to s om e 
period in the past, say 100 years, we find 
that the functions have not changed. Even 
then they served as corridors for movement 
and access. The change s have been made in 
the vehicl es that us e the s treet and in th e 
accommodations for those vehicl es. 

If we s hould look to 100 ye ar s in th e futur e, 
we can in no way pr edict the manner in which 
the street may be used , i.e., the form of 
vehicl e, but we can be confident that the 
functions will be th e same so long as s o 
cie ty's needs are manifested in mobility and 
l and access. 

14 .52 Deve lopment of A Street Networ k . 

14.52 . 1 Major Street Plan. A major street 
plan i s essent ia l fo r the orderly growt h and 
deve lopm ent of an urban area. As an int e
gra l part of the overall transportation plan 
for an urb a n area , the maj or street plan con
s titutes the s keletal framework for all 
transportation mod es accommodated within th e 
st reet ri ght - of-way. A major street plan 
is generally r e lat ed to the deve lo pment 
of new a r eas of th e city, de s i gned to 
provide guidance in deve lopin g a func-
tional arteria l system i n the new areas. 
It is eq ua ll y import ant to the exist in g 
system. The major street plan provides 
a basis for transport ation mana gement to 
set pr i orities for upgrading exist ing 
facil iti es , improving control systems, 
~nd for improving tr ansit serv i ces. 

Traditionally, the major s treet plan has 
been a product of the planning segment of 
the transportation profession, because it 
first se rve s the function of promoting order
ly . development of l and use. However, the 
maJo r street plan serves the designer in 
identifying the general requirements of 
t he system t hat must be provided for in de
sign, and fi nal l y, serves t he operations 
seg ment i n identifying t he general require
ment s for manag ing the operations of the 
s tr ee t network. Thus, the maj or street pl an 
lS one of the e l ement s t hat ties the plan
ning /de s i gn /operations element s together. 

14.52.2 The Nee d for Functiona l Cl assifica
tion. The f uncti ona l c l assification of 
st reet s is a prerequisite to the development 
of a major st r ee t pl an . Classifying streets 
acc ording to t heir function, whether move
ment, access or a combinati on of both, per
mit s th e coordination of planning, design, 
and operation to satisfy land use accordi ng 
to public need. 

The guidelines fo r functional c l assification 
of s tr eets are provided in an FHWA document 
"H ighway Functional Classification - Con- ' 
cepts, Criteria and Procedure s, " Tr ansmitt a l 
155, Volum e 20, App endix 12, July 1974. 
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This document identifies four c l asses of 
Urban Streets: 

• Principal Arterial. This system of 
streets and hi gh\.,rays serves the ma jor cent ers 
of activity of a metropolitan area, the high
est traffic volume corridors, and the long
est trip desires; and carries a hi gh pro
portion of the total urban area travel on 
a minimum of mil eage. The system should be 
integrated, both internally and betwe en ma 
jor rura l connections. The principal ar
teri a l sys tem is stratified as fol lows: (1) 
I nt erstate, (2) other freeways and express
ways, and (3) other principal arte rial s 
(with no control of access) . 

• Minor Arterial. The minor arteria l 
street system s hould interconnect with and 
augment the urban principal arteria l system 
and provide service to trips of moderate 
length at a somewhat lower level of travel 
mobility than major arterials. This system 
also distributes travel to geograph ic areas 
small er than those identified wit h the hi gh 
~r system. The minor arterial street system 
lncludes a ll arterials not c l assified as 
principal and contains facilities that place 
more emphasis on l and access than the hi gher 
system, a nd offer a lowe r l eve l of tra ffic 
mobility. 

• Co ll ector Street. The co ll ector street 
system provides both l and access service 
and traffic circul ation. 
It di ffers fr om the arterial system in that 
facilities on the co ll ector system may 
penetrate residential ne i ghborhoods, dis
tributing trips from t he arteria l s through 
the area to the ult i mate destination. Con 
versely, the co ll ector street also collects 
traffic from loca l streets in residential 
neighborhood s and channe l s it into th e 
arterial system. In the central business 
di st rict , and in other areas of lik e devel 
opment and traffic density, the col l ector 
system may include the street grid which 
forms a logical entity for traffic circul a
tion. 

• Loca l Street. The lo ca l street system 
compri ses al l facilities not on one of the 
hi gher systems. It serves pr i mari l y to 
provide direct access to abutting land and 
access to t he h igher order systems. It 
offer s the low est l evel of mobil ity and 
usually co nt ai ns no bus routes. Service to 
through traffic mov emen t usually is deliber
ately discouraged. 

14 .52.3 Street Network Layou t. To main
tain the integrlty and operational effi
ciency of urban streets, the fu nctional 
layout of the street network is as critical 
as the design of the ind ividua l streets. 
There are certain basic rules or guid e lines 
that are essen tial for goo d system operation. 
Genera lly, a system of s pacing, intersection/ 
connection, access, a nd l and use separation 
exists and s hould be developed and adopted 
by an urban area. 



14.53 Design Standards for City Streets. 
Every incorporated city s hould have publish 
ed de s ign s tandards for city s treet s. These 
standards should be pres ented in a concise 
document that is underst andabl e by planners, 
dev e lop e r s, and various city officials. It 
is not sufficient to simply a dopt a manual 
such as "A Policy on Design of Urban High 
ways and Arterial Street s, " by AASHTO . This 
is an excellent reference for the designer's 
r efer ence s helf and should be used as a 
guide to develop local de sign standards. To 
be effective, de s ign standards mu s t be es
tabli s hed through the coordinated efforts of 
city departments, and accepted by the various 
agencies that must follow the standards. 

Design standards assure geometr ic and opera 
tional co nsis tency . In the whole sc heme 
0f transportation, the major street plan 
establishes the skeletal framework of the 
s treet s ystem. The functional classification 
system identifies the function of each of 
th e el ement s of the system, and then the de
sign standard s outline the physica l re 
quir emen t s of eac h of the variou s street 
classifications nec essary to ass ur e sa tis
factory traffic operations. Therefore, it 
is essential that the traffic operations 
and geometr ic design groups of th e city 
government have a major role in the develop
ment of des i gn s tandards. 

14.6 COORDINATION OF LONG-RANGE IMPROVEMENTS 
WITH IMPROVEMENTS TO THE EXISTING SYS
TEM 

There is rio qu es tion that the greates t effi
ciency in urban transport ation will be 
realized through the c oord i nation of current 
tran sporta tion improvem ent activi ti es with 
the long-range planning proc ess to meet 
future tr ansportation needs . The great e r 
opportunity for coordination is made pos s i
bl e and, in fact, required through the pro 
vision that th e urban transportation plan
nin g process result in a two-element plan 
consisting of a long-range e l ement and a 
Tran s portation System Manag ement element. 
Thus, both e lements are th e responsibility 
of the local age ncie s to be ca rried out 
through the Metropolitan Planning Organiza
tion. 

Combining the two elements und e r "one roof" 
will lessen the tendency to isolate the 
planning and implementation relative to the 
various modes. For example, provision for 
public transit systems and major highway 
improvements may be planned to be comple-

mentary rather than contradictory or sub
servient. This is exemplified by the latest 
freeway plans such as the expans ion of the 
Gulf Freeway in Hou s ton which provides a 
central right-of-way a llowanc e for mas s 
transit operations. Other s are incorporating 
the immediate provision of exclusive bu s 
lanes. Such planning should be extended to 
providing right-of-way for future fringe 
area terminals abutting th e freeway, and 
the construction of feeder routes to these 
and other mass transit terminals. Taking 
th e balanced multi-modal approach to plan
nin g and implementation activities may r e 
sult in fewer freeway lane - mile s or RRT 
track miles constructed; but with judicious 
app li cat ion it should result in a more 
effic ient urban transportation system. 

14. 7 DEVELOPMENT OF A TRANSPORTATION IM
PROVEMENT PROGRAM 

Th e basic purpose of the T.I.P. is to facil
itate the implementation of projects that 
are required to provide the planned trans
portation system. Th e r e are several con
side r a tions which must be g iven to this 
program deve lopment. 

One consideration includes th e se lection of 
proj ec t s that will result in an orderly im 
provement sequenc e. Generally, the project s 
implemented must be usabl e as so on as pos
s ibl e to assure th e maximum benefit for the 
investment. However, this mu s t be tempered 
with th e community's development needs so 
that th e desired land use and access are 
ass ur ed . 

Another consideration is the cost of the 
projects and available r esources. The pro
gram mu s t be reali s tic to assure orderly 
implementation and avoid broken promises to 
the general public. 

Also, consideration s hould be given to which 
projects should be impl ement ed to achieve 
the other goals of th e community such as 
ene rgy conservation, air pollution reduction, 
r evitalizing a particul a r area, etc. 

The development of th e T.I . P. will require a 
combining of long - rang e and transportation 
sys tem management projec t s to ass ure that 
both existi ng and future probl ems are ade
quately addressed. Each individual area 
will have to develop criteria for th e com
b i ning of these two typ es of projects so 
that their own parti cular needs can be 
addressed. 
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