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Role of Bicycles in Public Transportation Access 
MICHAEL A. REPLOGLE 

ABSTRACT 

Bicycles play a vital role in access and 
egress for rail and express bus services in 
Japan and northwestern Europe as well as in 
a growing number of communities in the 
united States. suburbanization has been a 
driving force for the growth of bicycle
transit linkage. In many suburban towns in 
Japan, West Germany, Denmark, and the 
Netherlands, 25 to 50 percent of rail sta
tion access trips and up to 20 percent of 
station egress trips are made by bicycle. 
The number of trips involving a combination 
of bicycles and public transportation has 
quadrupled in Japan and doubled in Denmark 
since the early 1970s. In the United 
States, high bicycle theft rates have re
strained similar growth except for transit 
systems that have made special provisions 
for bicycle access. Significant use of bi
cycles for transit access is found only 
where bicycle theft rates are relatively 
low or where secure bicycle parking has 
been provided at transit stops. The evolu
tion of transit access systems is discussed 
and park-and-ride versus bike-and-ride 
transit access are compared with regard to 
capital and operating costs, air pollution 
and energy use, impacts on transit rider
ship, implications for transit stop siting, 
and other factors. It is concluded that 
American transit agencies could substan
tially increase suburban transit use with
out increased operating costs by improving 
bicycle-transit integration. Bike-and-ride 
development is far more cost-effective than 
park-and-ride development. 

This study arose out of research begun at Public 
Technology, Inc., the technical arm of the National 
League of Cities. A search for information about bi
cycle-transit linkage revealed that little informa
tion has been available on the experiences of Ameri
can transit agencies. Even less information has been 
available in English regarding the role of bicycles 
as an access and egress mode to public transporta-

tion in other mature industrialized societies. 
Although the number of U.S. transit operators ini
tiating bicycle-transit linkage programs has been 
growing, no body of information has existed to guide 
these efforts. 

The collection of both descriptive and analytical 
data on bicycle-transit linkage was carried out 
through the course of 8 months of research, site 
visits, and meetings with transit agency and govern
ment officials, businessmen, and citizen activist 
leaders in Japan, the Netherlands, West Germany, and 
Denmark. Additional research was conducted over a 
2-year period in the United States. 

A more extensive presentation of 
findings is contained in a recently 
Bicycles and Public Transportation: 
Suburban Transit Markets, published 
Federation, Washington, D.C. (!_). 

BACKGROUND 

the research 
released book, 

New Links to 
by the Bicycle 

The traditional market base for public transporta
tion has been eroded by the shift of population and 
employment growth from dense urban centers to sub
urbs and small cities. Although transit agencies 
have expanded their routes and services into these 
new areas of growth, it has become ever more diffi
cult to provide cost-effective public transportation 
within walking distance of the places to which 
people want to go. Suburban growth has far outpaced 
the development of suburban transit services. 

Suburbanization and deurbanization have not been 
confined to the united States but are common trends 
in Japan and Europe as well. By 1980 one-third of 
all western European cities with more than 200,000 
residents were losing population ( 2) • Between 1960 
and 1971, all major Dutch metropolitan areas showed 
significantly faster rates of employment growth in 
suburban areas than in their urban cores, with a de
e rease in absolute employment in two out of seven 
metropolitan regions (_~). Similarly, the fastest 
rates of population and employment growth in Japan 
are in the areas at the fringe of metropolitan re
g ions, whereas the population of major urban cores 
has been declining since the mid-1960s (3). 

With more people living at greater distances from 
transit routes than at any time in the past century, 
the mainstay of transit access and egress, walking, 
is being replaced increasingly by other access and 
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egress modes in Japanese, European, and American 
suburban areas, particularly for express bus and 
rail services. Both automobiles and bicycles are be
ing used to expand the access service areas of bus 
and rail lines where closely spaced routes are 
uneconomical, often supplementing or substituting 
for feeder bus services. In a growing number of com
munities, bicycles are also assuminq a siqnificant 
role in transit egress, allowing people to travel by 
public transportation to locations several kilome
ters from the nearest transit route. 

Throughout the United States, northwestern 
Europe, and Japan, suburbanization hal'l brought with 
it the diversification of transit access and egress 
systems. However, differences in transportation pol
icies and infrastructure, travel habits, er ime 
rates, and cultural attitudes have led to local dif
ferences in the way travelers get to and from subur
ban public transportation. Park-and-ride, kiss-and
r ide, and bike-and-ride travel--invol ving access to 
transit as an automobile driver, passenger, or 
cyclist--can each be found in varying proportions in 
suburbs throughout mature industrialized societies. 
In many places one can also observe dual-mode tran
sit egress systems--bicycles accommodated on transit 
buses, bicycle rental services at rail stations, and 
recently revived programs permitting bicycles aboard 
trams and rail vehicles, a concept that originated 
in the late 19th century (_!, p.222: ~). 

In suburban areas of northwestern Europe and 
Japan, bicycles have come to play a major role in 
transit access and egress. Although automobile ac
cess to transit has also grown in these areas in 
recent years, park-and-ride and kiss-and-ride tran
sit access remain clearly subordinate to bike-and
r ide travel in most Japanese and European communi
ties. In the United States, however, the automobile 
accounts for the majority of access trips to subur
ban rail and express bus services in many cqmmuni
ties. ~xcept for a few communities, bicycles play an 
insignificant role in American transit access. 

What accounts for these differences between Amer
ica versus Europe and Japan in the evolution of 
suburban transit access systems? What are the ef
fects of basing suburban transit access on one mode 
or another or on some balanced mix of modes? Is a 
different mix of transit access modes feasible, 
practical, and desirable for suburban public trans
portation in America? These are the central ques
tions of this research effort. 

RESEARCH FINDINGS 

Growth of Bicycle Access to Japanese Rail Stations 

Rapid suburbanization began in Japan ·in the mid-
1960s, accompanied and fostered by rising incomes 
and increased automobile ownership. High land costs 
near railway stations, even in distant suburbs, led 
many new residents to settle in areas beyond walking 
distance of rail stations and feeder bus services. 
Deficiencies in feeder bus services, for example, 
excessive spacing between routes, overcrowdinq in 
peak hours, rising fares, and slow travel speeds due 
to congestion in town centers, encouraged many sub
urban commuters to explore other ways of qetting to 
rail stations. 

With an extremely low crime rate, commuters were 
able to park bicycles outside their stations in any 
open space without strong locks or supervision. Un
deterred by the lack of designated bicycle parking, 
bike-and-ride commuters swamped hundreds of rail 
stations with literally thousands of bicycles. Be
tween 1975 and 1981, the number of bicycles parked 
daily at Japanese railway stations more than qua-
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drupled to 1.25 million, with growth continuinq at a 
rate of 21 percent a year (6,7). 

This phenomenal growth in- the number of bicycles 
parked at rail stations created strong pressure on 
transit agencies and Japanese local and federal 
governments to provide increased bicycle parking. 
"Bicycle pollution" became a buzz word to describe 
the chaos caused by thousands of bicycles parked in 
disorder at rail stations. 

The Japanese Ministry of Construction responded 
to the bicycle-pollution problem in the mid-1970s by 
establishing several programs for construction of 
new bicycle parking garages. Further action was 
taken by the Japanese Diet, which in 1980 passed a 
major law concerning bicycle parking. An onqoing 
program was established under this law to encouraqe 
the private sector, local government, and the rail
ways to build new bicycle parkinq garages at rail 
stations by using federal subsidies (_!!.,p.13). 

Between 1978 and 1981, more than 730,000 new bi
cycle parking spaces were constructed at Japanese 
rail stations. By 1981 there were 636 bicycle park
ing facilities at Japanese rail stations, each with 
a capacity of more than 500 bicycles. These were 
augmented by 5,456 facilities, each designed for 
less th;rn "inn hi r.yr.l Ps. At: 70 .Japnnf>SP rn i l st:n
tions, more than 3, 000 bicycles were parked each 
workday: another 208 stations accommodated 1, 000 to 
3, 000 bicycles daily. Nationwide, nearly 30 percent 
of the 1.25 million bicycle parking spaces at Japa
nese rail stations were controlled by private-sector 
firms in 1981, thanks in part to government incen
tives and grants encouraging such investments (6,7). 

l\s suggested in Figure 1, bicycles play a - major 
role in rail station access outside of central city 
areas, typically accounting for one-half to one
sixth of the access trips in areas at the frinqe of 
metropolitan reg ions and for one-sixth to one-tenth 
of the access trips in suburban towns. Automobiles 
play a smaller role in rail station access, typical
ly serving 5 to 10 percent of access trips in subur
ban and fringe areas. 

Growth of Bicycle Access to European 
Transit Services 

As in Japan, the shift of population and employment 

Fringe Areas 

o Kazo City end Six 
Other Towns 

o Kimitsu and Futtsu 
Cities 

Suburban Development 
Area 

o Chigasaki City and 
Samukawa Town 

o Tama New Town 

!Xlwn town Tokyo 

o Chuo Ward (Tokyo) 

Whole Tokyo Region 

0% 20 RO 100% 

---~···· · ·· ·· .... ···Ill 

Key to Access Modes: 

• Bicycle 11111 Automobile 

-Bus ·· · ·· Walk 

FIGURE 1 Mode of access to Tokyo area rail stations, 1978 (9) . 
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FIGURE 2 Mode of access to Dutch rail stations, 1968. 
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growth to suburban areas and small cities and towns 
has brought about major chanqes in the modal compo
sition of transit access trips in Europe, particu
larly for rail services. As sugqested in Figure 2 
(data from Dutch national railway, Nederlandse 
Spoorwegen (NS)] bicycle access to transit has been 
most important in suburban areas, satellite cities, 
and large towns in the Netherlands. Although only 11 
percent of access trips to Dutch rail stations in 
cities with more than 200, 000 population were made 
by bicycle in 1968, more than one-third of station 
access trips in cities and towns with less than 
200,000 population were by bicycle in this same year. 

As more people have moved from dense urban cen
ters to lower-density areas where feeder bus and 
tram services are less widely available and offer 
lower quality of service, the share of rail station 
access of bus, tram, and walking has declined. Bi
cycle and automobile access have increased in impor
tance. As shown in Figure 3, the share of rail sta
tion access trips made by bicycle in the Netherlands 
has doubled since 1960 (9,10); 36 percent of Dutch 
railway passengers, as wcllas 10 to 20 percent of 
regional bus passengers, bicycled to their transit 
boardinq point in 1981. In contrast, automobiles 
provided rail station access for only 1 out of 10 
Dutch rail passenqers in this same year C2r!Q.l • 

Similar changes in the composition of rail sta
tion access trips have been noted in Denmark and 
West Germany since the early 1970s (11, p.90; _!1, p. 
48). The share of all travel involving a combination 
of bicycles and transit more than doubled in Denmark 
in the 1970s (12, p. 48). By 1981, one out of seven 
rail passenger;;-in the Copenhagen region arrived at 

0% 20 40 60 80 100% 

1960 

·--1-----::::::::::_-__ -~::::1 
·------···· ·· ·······111111J 

1968 

1978 

-Bicycle 1111 Automobile 

- Bus & Tram Walk - Other 

FIGURE 3 Change in distribution of rail station access 
modes in the Netherlands, 1960-1978 (9, 10). 

the station by bicycle. In some West German and 
Dutch suburban towns bicycles account for roughly 
half of all railway access trips (9,13), as shown in 
Table 1. The increased use of bicycles for suburban 
transit access has led transit agencies, railroads, 
and local and federal governments to develop exten
sive bicycle parking at transit stations in north
western Europe. 

In the Netherlands more than 160,000 bicycle 
parking spaces are available at rail stations na
tionwide, including 90, 000 covered and guarded 
spaces at 80 of the principal railway stations (_~). 

The Dutch national railway, NS, recently installed 
10,000 secure bicycle lockers at low-volume stations 
to stem the growinq problem of bicycle theft from 
unguarded bicycle racks. At least 10 bicycle parking 
racks are provided at each of more than 200 bus 
stops served by companies affiliated with the Ex
ploitatieve Samenwerking Openbaar (ESO), the coor
dinating body for interurban and nonmetropolitan bus 
operators in Holland. According to ESO planners, 10 
to 20 percent of ESO bus patrons use bicycles to 
reach the bus stop. 

In both west Germany and Denmark, more than 
so, 000 bicycle parking spaces are available at rail 
and bus stops nationwide. The city of Odense, 
Denmark, has provided extensive bicycle parking at 
most suburban bus stops in the reqion. A number of 
guarded bicycle parking qarages at rail stations, 
accommodating from several dozen to more than 1,000 
bicycles each, can be found throuqhout Denmark and 
west Germany. 

Bicycle use for transit eqress has also expanded 
considerably. The growth of employment in suburban 
areas poorly served by transit has led an increasing 
number of commuters to store a second bicycle over
night at a transit stop near their workplace in 
locations where secure parkinq is available. The use 
of rental bicycles at rail stations in Japan and 
Europe by both recreational cyclists and commuters 
has grown substantially. In dozens of cities it is 
now possible for cyclists to carry bicycles on board 
buses, trams, or railways, making it possible to 
travel almost anywhere throughout certain metropoli
tan and rural areas without the need for an automo
bile. In the Nethe r l ands, 1 out of 10 railway trips 
is completed by using a bicycle for station egress 
at the nonhome trip end (10). Clearly the bicycle 
has become an important element in the continued 
vitality of suburban public transportation in Japan 
and northwestern Europe. 
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TABLE 1 Percentage of Transit Access and Egress by Bicycle and Automobile 

Percentage of all Access and Egress Trips by Mode 

Access Trips Egress Trips 

Location Year Bicycle Automobile Bicycle Automobile 

Netherlands 
National sample of Dutch rail stations (9} 
Home-based trips (all) 1982 36 11 10 5 
Work trips 1982 43 17 11 3 
School trips 1982 56 4 22 1 
Recreational travel 1982 34 10 6 7 

Rail stations, six midsized Dutch towns (JO) 1980 47 14 20 3 
Denmark 
S-Bane, Copenhagen, Denmark 1979 15 7 7 I 
Heavy rail line , Heisinger-Copenhagen, Denmark 1979 21 6 8 3 

West Germany 
West German railway stations (I 1) 

Hassloch (Rhein-Neckar region) 1979 43 N.A. N.A. N.A. 
Bohl-lggelheim (Rhein-Neckar region) 1979 31 N.A. N.A. N.A. 
Eichenau (Munich region) 1976 25 N.A. N.A. N.A. 
Olching (Munich region) 1976 23 N.A. N.A. N.A. 

Note: Source for Danish data: DSB (Danish State Railways), Copenhagen, Denmark. 

Bicycle-Transit Integration in America 

Althouqh the linkaqe of bicycles with public trans
portation in the United States has grown substan
tially since the early 1970s, it remains quite un
derdeveloped in relation to Europe and Japan. Only a 
handful of American transit aqencies and local 
governments have installed secure bicycle parking at 
rail and bus stops. However, in a qrowinq number of 
communities scattered from Connecticut and New Jer
sey to Illinois and California, secure bicycle park
ing is enabling 5 to 10 percent of suburban railway 
and express bus passengers to rely on bicycles for 
t ~am!i t access (l..1-1 7) • 

Thanks to the provision of 2,000 secure bicycle 
racks and lockers at its San Francisco area stations 
and a bike-on-rail proqram that permits bicycles 
inside passenger coaches except for peak-direction 
peak-period travel, the Bay Area Rapid Transit 
(BART) carries thousands of passengers daily who 
regularly use bicycles for station access. At some 
suburban BART stations, 5 percent of the passengers 
arrive by bicycle, according to planners at BART. 
Surveys conducted by the California Department of 
Transportation (Caltrans) have shown that 40 percent 
of the cyclists renting bicycle lockers at Southern 
Pacific Railway stations between San Francisco and 
San Jose are storing bicycles overnight in their 
lockers, enabling them to cycle from the station to 
remote employment centers each workday. In Santa 
Barbara, California, the introduction of buses tow
ing bicycle trailers attracted more than 42,000 pas
sengers with bicycles in 1981, boosting ridership 
substantially and diverting thousands of passenger 
trips from automobiles to transit (18). 

Despite the great promise shown~y these efforts 
to promote bicycle-transit linkage in America, 
transportation planners and managers have qiven lit
tle attention to the potential role of bicycles in 
expanding suburban transit markets and reducing the 
financial, energy, and environmental costs of tran
sit access systems. In sharp contrast to the multi
modal approaches pursued in Japan and Europe, the 
development of suburban transit access systems in 
America has focused almost entirely on the construc
tion of park-and-ride lots. Indeed, in countless 
American suburbs, the majority of passengers on ex
press buses and railways rely on automobile access 
and are offered no other workable transit access al
ternatives. Yet roughly half of all Americans using 

park-and-ride lots travel access distancca of lccc 
than 2 miles (19). 

Bicyc le The f t a nd Bicyc l e Pa rk i ng 

Although many factors influence the demand for bi
cycle access to suburban express bus and rail ser
vices, it appears that one of the most significant 
factors is the availability of secure bicycle park
ing conditions. Such conditions are found either 
where bicycle theft rates are low or where secure 
parking facilities have been provided. The availa
bility of sec1_1re b i cyc l lO' parking conditions does not 
guarantee any particular level of bike-and-ride de
mand. However, secure parking conditions are neces
sary if latent bike-and-ride demand is to be real
ized. 

Bicycle theft, like most crimes, occurs at a siq
n ificantly higher rate in the United States than in 
most other mature industrialized societies. A com
parative analysis of the frequency of bicycle theft, 
shown in Table 2, reveals that the per-capita bi
cycle theft rate in the United States is roughly an 
order of magnitude greater than the rate observed in 
Jifpan in 1970, five times greater than the current 

TABLE 2 Bicycle Theft: An International Comparison 

Estimated 
Bicycles 
Stolen per 

No. of Reported Total Estimated 100,000 
Country Bicycle Thefts Year Bicycle Thefts• Population 

Japan 115,000 1970 115,ooob 100 
246,000 1980 246,000b 212 

Denmark 21,000 1981 75,000C 494 
West Germany 323 ,204 1979 323,204d 527 
United States 674,654 1979 2,595,000° 1,153 

8AJJ data on bicycle thert are somewhat unreliable because of underreporting or minor 
thefts without personal contact. Because of differences in social values and altitudes. the 
rate of underreporting varies widely between different nations. These data have been ad
justed to account for underreporting where this is significant. 
bEstimate given by officials of the I apanese Transport Ministry end the Sei:retariat of the 
Prime Minister. According to several Japanese officials, most crime, including bicycle 
theft, is reported to police in Japan. 
CReported bicycle thefts are from insurance company reports. Estimated bicycle theft 
data are from estimates of the Danish Transport Ministry and officials of DSB. 
d From report by Schafer (20, p. 2 54), who reports that the overwhelming maiority of 
{West German) bicycle thefts are reported to police. 
eReported bicycle theft data from Uniform Crime Reports (21). According to U.S. Justice 
Department surveys, 74 percent of personal larceny crimes without contact were unre· 
ported to police. This estimate has been used to derive total estimated thefts. 
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rate in Japan, and more than double the current 
theft rate in Denmark and West Germany. 

Because people will park their bicycles at a 
transit stop only if they are reasonably assured 
that it will not be vandalized or stolen, the ab
sence of secure bicycle parkinq facilities deters 
bike-and-ride travel only in regions with a hiqh in
cidence of bicycle theft. In circumstances where bi
cycle theft and the adequacy of the bicycle parkinq 
supply do not constrain the growth of bike-and-ride 
travel, the true potential of bicycle access to 
transit is revealed. Such conditions have prevailed 
in Japan, where theft rates have been low and where 
bicycle parking has been installed primarily to re
store order to rail station squares (22). 

The qrowth of bicycle access to t~sit in north
western Europe similarly occurred in an environment 
with a low bicycle theft rate relative to_ the United 
States. Although in the past several years, bicycle 
theft has become a greater problem, particularly in 
urban areas of the Netherlands, transit agencies and 
governments have responded by constructing secure 
bicycle parking garages and bicycle lockers at nu
merous rail stations. 

The absence of secure l::!icycle parking at most 
transit stops in America has exposed potential bike
and-ride travelers to generally unacceptable risks 
of bicycle theft. As noted in a recent U.S. Depart
ment of Transportation study (23), "Fear of theft is 
a significant disincentive tO- bicycle transporta
tion •••• A recent Baltimore Maryland, survey of 
cyclists [ (l!J ] discovered that 25 percent of those 
polled had had their bicycle stolen. Twenty percent 
of those who had been theft victims reported that 
they gave up bicycling as a result of the experi
ence." In a survey conducted by Barton-Aschman 
Associates in Pennsylvania, it was found that half 
of all bicycle commuters were afraid that their bi
cycles would be stolen at work (25). Bicycle thefts 
are at least three times more common than automobile 
thefts in the United States, and although three
fourths or more of all stolen cars are recovered, 
less than one-fifth of stolen bicycles are restored 
to their owners (11) • 

Thanks to relatively low crime rates, the con
sumer demand for bicycle parking at transit stops in 
Europe and Japan was manifested physically for all 
to see. In the United States, however, widespread 
bicycle theft and vandalism prevents cyclists from 
parking at most transit stops unless they are 
equipped with secure bicycle storage. Only a supply
push strategy--installing and marketing secure bi
cycle parking at transit stops--can release the 
latent demand for bike-and-ride services in America. 

Many types of bicycle parking facilities have 
been successfully employed to provide secure parking 
conditions. Different types of facilities are needed 
to meet different local conditions. 

Transit stop bicycle lockers, which fully enclose 
the bicycle, have been successfully demonstrated by 
many U.S. transit agencies and state and local 
governments to meet the needs of regular bike-and
ride commuters. Coin-operated bicycle lockers and 
lockers secured by user-supplied locks, which would 
be most useful for occasional bike-and-ride commut
ers, have proved troublesome in the United States 
because of abuse <.!.!> , althouqh these have operated 
successfully in Europe. 

Secure bicycle racks, which offer theft protec
tion to the bicycle frame and to one or both bicycle 
wheels, have been provided at a number of u.s. tran
sit stops. In many locations, these have provided 
adequate security. However, in higher-crime loca
tions many bicycles have been vandalized while 
secured in such racks. Whenever possible, bicycle 
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racks at transit stops should be sited in locations 
with high visibility, preferably where a station at
tendant or pedestrians will provide informal deter
rence to vandals and thieves. 

Guarded bicycle parking facilities are common in 
Europe and Japan but have not yet been employed in 
the United States. Such facilities can be more eco
nomical than bicycle lockers if a current employee, 
such as a station attendant, can be assiqned the 
added role of parking guard or if the number of 
parked bicycles is sufficient to generate adequate 
daily revenues. Ninety thousand guarded bicycle 
parking spaces are provided at Dutch railway sta
tions for a monthly operating cost of $5.25 per 
space. The smallest of these bicycle parking garages 
holds 134 bicycles. The Dutch bicycle parking at
tendants earn an average of more than $17, 000 per 
year. The demonstration and evaluation of guarded 
bicycle parking at rail stations with substantial 
bike-and-ride demand should be undertaken in the 
United States, because such facilities can serve 
regular, occasional, and first-time bike-and-ride 
commuters equally well, unlike leased lockers and 
racks (_!) • 

Implications of Bicycle-Transit Linkage for 
U.S. Transit Agencies 

Several surveys have indicated that many more Ameri
can rail commuters would use bicycles for station 
access if secure parking were installed. More than 
40 percent of the passengers polled by the New Jer
sey Department of Transportation at five commuter 
rail stations would consider cycling to the station 
if such facilities were available (15). In a survey 
by the Connecticut Department of Transportation, it 
was indicated that 23 percent of the passengers on 
the New Haven commuter rail line would use protected 
bicycle parking if it were installed at their sta
tion (14). Moreover, roughly half of the passengers 
who expressed an interest in bicycle parking in both 
of these surveys currently park their automobiles in 
the filled-to-capacity station park-and-ride lots. 
Provision of bicycle parkinq could thus make addi
tional park-and-ride capacity available. 

Improved bicycle-transit linkage can also expand 
the market penetration for express bus and rail ser
vices. In a survey by Cal trans of those who use bi
cycle lockers at park-and-ride lots in the San Fran
cisco region, it was found that 68 percent of the 
bike-and-ride travelers at lots served by buses and 
30 percent of the bike-and-ride travelers at lots 
served by railways formerly drove automobiles to 
make their trip. 

In Santa Barbara, California, a comprehensive bi
cycle-transit integration system combininq the pro
vision of bicycle parking at bus stops and a bike
on-bus service dramatically boosted transit market 
penetration in areas beyond walking distance of bus 
routes. Ridership on the demonstration project bus 
routes rose by 46 percent in 1980, whereas the level 
of bus service increased only 19 percent and system
wide ridership grew by 15 percent. The share of ac
cess trips made by bicycle to these routes jumped 
f ram 1. 5 to 2 3 percent over 2 years. In the Santa 
Barbara region as a whole, 7 percent of employees, 
14 percent of households, and 23 percent of the stu
dent population used a bicycle to reach a bus stop 
during the 2 year demonstration project (18). 

The potential market for bicycle-transit integra
tion in the United States is quite large. Approxi
mately 100 million Americans own bicycles. Although 
precise data are unavailable, data from the 1977 Na
tional Personal Transportation Study suggest that 
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approximately 16 to 
more than O. 25 mile 
(3200 m) from the 
route (W. 

24 million U.S. workers live 
( 400 m) and less than 2 miles 
nearest public transportation 

Few of these workers now use transit to qet to 
work, in part because of the lack of an inexpensive, 
convenient, and fast transit access system suited to 
trips of this distance. Although 13 percent of U.S. 
workers living within 0.50 mile (BOO m) of a transit 
route commute by public transportation, this figure 
falls to 4 percent for those living 0.5 to 2 miles 
away from a rail or bus stop. Indeed, only one
fourth of all transit commuters in the United States 
live beyond a 0.25-mile walking distance from 
transit (26, Tables A-16, A-17, and pp. 19-20). 

If public transportation is to serve a larqer 
market in suburban areas without a prohibitively ex
pensive expansion of collection and distribution 
routes, opportunities for transit access and egress 
by private modes of transportation must be expanded. 

Park-and-Ride versus Bike-and-Ride 

Park-and-ride services have underqone a dramatic ex
pansion in the United States over the past two de
'-'"ll;,s " "ll "<" now a vilal elemenl in suburban tran
sit services. Although park-and-ride transit access 
trip lenqths can range up to 5 miles (B km) or more, 
average access trip lengths range from less than 2 
miles (3.2 km) to about 3.5 miles (5.6 km) for re
mote park-and-ride lots (19,2.1). By expanding the 
access service area of express transit services, 
park-and-ride lots have boosted suburban transit use 
in many communities, attracting choice riders. How
ever, further development of park-and-ride services 
to increase suburban transit market penetration will 
only be achieved at a substantial cost, with likely 
diminishinq returns. 

De s p i te the intense promot i on of park-and-ride 
systems for enerqy conservation and pollution reduc
t ion, bike-and-ride systems have been found to be a 
far more cost-effective strategy to pursue these ob
jectives. A major American enqineering consulting 
firm involved in park-and-ride lot planning and con
struction estimates the typical construction cost of 
park-and-ride lots at $3, 640 per automobile space, 
excluding land costs. Where drainage structures or 
cut-and-fill work are required, the cost may be as 
much as twice this amount (1). In contrast, secure 
bicycle parking typically costs $50 to $500 per 
space for capital construction, excluding land costs 
(which are lower because of reduced space require
ments). 

Operating expenses show similar differentials be
tween automobile and bicycle parking, ranqing from 
2:1 to 10:1. Although a typical unattended park-and
ride lot costs $150 or more per year for operations 
and maintenance, this figure ranqes from a few dol
lars to about $70 per year for bicycle parking (1). 
In contrast, covered, enclosed, and guarded bicycle 
parking in the Netherlands requires $64 a year in 
operating and maintenance costs, including a modest 
profit for the contract operators. The vast differ
ence in costs between automobile and bicycle park
ing has major implications for suburban transit ac
cess policy and transit cost containment. 

From the perspective of transit route planning, 
bike-and-ride systems offer far greater flexibility 
in siting transit stops that do park-and-ride sys
tems. Automobile parking typically requires as much 
as 330 ft 2 (30 m2 ) of land per space, compared with 6 
to 12 ft 2 (0.5 to 1.0 m2 ) needed for ground-level 
bicycle storage spaces (24,27). As a result, park
and-ride lots are often ccmstrained in size or loca
tion. Typically either they offer inadequate capac-
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ity relative to the potential demand for private 
vehicular access at a transit station or they must 
be sited in remote locations unsuited for pedestrian 
access. In contrast, bicycle parkinq may be readily 
sited in congested areas around rail stations and in 
traffic-sensitive residential areas. 

As a strategy to reduc e both air pollution and 
energy use, bicycle-transit linkage is far more 
cost-effective than further park-and-ride lot de
velopment. In a recent study by the Chicago Area 
Transportation Study it was found that the installa
tion of secure bicycle parkinq at rail stations 
would reduce hydrocarbon emissions at a public cost 
of $311/ton ($0.34/kg) compared with $96,415/ton 
($106/kg) for an express park-and-ride service, 
$214,959/ton ($237/ kg) for a feeder bus service, and 
$3,937/ton ($4.34/ kg) for a commuter rail carpool 
matching service. Similar differentials were found 
for carbon monoxide reduction costs (_~.~) • 

Although automobile access trips to transit in
volve cold-start vehicle operation and the asso
ciated fuel use rates are several times higher than 
the average for all automobile travel, bicycle ac
cess trips require no petroleum at all. A prelimi
nary analysis, shown in Table 3, reveals that for 
each American park-and-ride commuter diverted to 
bike-and-ride travel, gasoline use may be reduced by 
an average of roughly 75 gal (285 L) per year. A 
similar analysis reveals that by divertinq automo
bile commuters to bike-and-ride travel, averaqe sav
ings may amount to roughly 400 qal (1500 L) of gaso-
1 ine each year for every new bike-and-ride commuter. 
Although these diversions to bike-and-ride travel 
would likely result in some additional home-based 
use of automobiles by other household members, re
ducing fuel savings, the net enerqy savings remain 
substantial. If only 0.5 percent of the U.S. workers 
who now live 0. 25 to 2 miles from a transit route 
and commute by automobile could be attracted to 
b ike-and-ride travel, nationwid~ qaecline savings cf 
roughly 20 to 40 million gal (75 to 150 million L) 
per year would likely be achieved. The diversion of 
10 percent of existing automobile park-and-ride com
muters to bike and ride could similarly result i n 

TABLE 3 Estimated Energy Effects of Bike-and-Ride Service 
Development in the United States 

Estimation Explanation 

Diverting Automobile Commuters to Bike and Ride 

22 miles 

x 0.074 gal/mile 

1.63 gal/day 

x 250 workdays/year 

407 gal/year 

Average two-way daily commuting distance for 
noncentral area SMSA automobile commuting 
trips (27) 

Fuel use rate based on fleet fuel economy of 17 
miles/gal with assumed reduction to 0.8 effi
ciency due to cold-start factor ( 1} 

Fuel savings per day for each automobile com
muter diverted to bike and ride 

Fuel savings per year for each automobile com
muter diverted to bike and ride 

Diverting Existing Park-and-Ride Co mmuters to Bike and Ride 

4.0 miles 

x 0.147 gal/ mile 

0.59 gal/day 

x 250 workdays/year 

14 7 gal/year 

Average two-way daily automobile access distance 
for this group (assumed) 

Fuel use rate based on fleet fuel economy of 17 
miles/gal with assumed reduction to 0.4 effi
ciency due to cold-start factor (1) 

Fuel savings per day for each park-and-ride com
muter diverted to bike and ride 

Fuel savings per year for each automobile commuter 
diverted to bike and ride 

No te: 1 mile= 1.6 km; 1 gal = 3.8 L. 



Replogle 

gasoline use reductions of more than 1 million gal 
(3 million L) per year nationwide. 

Despite the importance of the automobile in Amer
ican transportation, one-third of all citizens do 
not possess a driver's license. Even in suburbia, 
some 12 percent of all households lack an automo
bile, and many households with two waqe earners must 
make do with one family automobile. Although not 
suitable for everyone in these market segments, 
bike-and-ride travel may offer a strong appeal to 
many such people. 

In the evaluation of a federally sponsored demon
stration project testing bicycle-transit linkaqe 
strategies in Santa Barbara, California, for exam
ple, it was found that only one-fourth to one-third 
of the passengers who parked bicycles at bus stops 
had an automobile available for their trip without 
imposing inconvenience on other household members. 
However, three-fourths of the bike-and-ride travel
ers came from households owning one or more automo
biles compared with BO percent of general transit 
users and 90 percent of all households in the Santa 
Barbara region C,!!D • 

In other words, although bike-and-ride services 
do attract those who use them by choice, they also 
attract many people from households where mobility 
is restricted by limited automobile availability 
combined with poor pedestrian access to suburban 
transit. 

CONCLUSIONS 

The experience in Japan, northwestern Europe, and a 
handful of American communities clearly suggests 
that bicycles can play a vital role in providing ac
cess to suburban express transit routes, both bus 
and rail. Bike-and-ride services can appeal to many 
travelers who have automobiles available for their 
journey and can also attract passengers who are not 
well served by the existing pedestrian and automo
bile transit access systems, thereby increasing sub
urban transit market penetration. Moreover, bicycle 
access to transit can be encouraged at a far lower 
cost than automobile access. 

Although both automobiles and bicycles have a 
role in expanding the service areas of transit in 
lower-density areas, each provides complementary 
functions. An overreliance on automobile access to 
transit substantially increases the cost of the 
public transportation access system, reduces the 
mobility of those without automobiles, and neglects 
opportunities for greater fuel conservation and air 
pollution reduction. 

The investments required to develop more multi
modal transit access systems in America are modest 
and affordable. With the passage of the 1982 Surface 
Transportation Assistance Act, 100 percent funding 
for bicycle programs and facilities is now available 
from federal gasoline tax revenues. Programs de
signed to increase bicycle access to transit, in
cluding parking construction and marketing, qualify 
under this new law. If transit agencies or local 
governments apply to their state governments for 
such funds, they will be able to establish more bal
anced transit access systems without straining over
extended operating budgets or requiring scarce local 
matching funds. A number of other federal funding 
programs, including transit capital grants, are also 
available to finance transit access system improve
ments. 

Bicycle-transit linkage will likely contribute 
only modestly to the growth or stabilization of U.S. 
suburban public transportation. However, as sug
gested in this paper, the greater integration of bi
cycles with transit opens up new opportunities for 
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transit agencies at low cost in markets that have 
until now been neglected or penetrated only by rely
ing on the more expensive strategy of park-and-ride 
services. 

The fiscal austerity of the 1980s demands new ap
proaches to transit development and the application 
of numerous small-scale, locally appropriate, low
cost strategies to promote better coordination be
tween different transportation modes. Bicycle-tran
s! t integration has an important role to play in 
this larger context by helping to adapt transit to 
its modern nemesis, the suburb. 
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Bicycle-Motor Vehicle Accidents in the 

Boston Metropolitan Region 
WENDY PLOTKIN and ANTHONY KOMORNICK, JR. 

ABSTRACT 

The Metropolitan Area Planning Council, the 
regional planning agency for the Boston metro
politan area, studied bicycle-motor vehicle ac
cidents occurring within Route 128, a major 
beltway encircling 35 communities. A sample of 
one of every four accidents reported to the Mas
sachusetts Registry of Motor Vehicles in 1979 
and 1980 was chosen for review. Data were col
lected by a paid intern and by six volunteers 
who reviewed bicycle accidents occurring within 
their individual communities. This sampling 
technique resulted in a distribution of acci
dents by month and location statistically almost 
identical with the distribution for all acci
dents in the study area. The accidents were 
classified by using a modified version of the 
classification system developed by Kenneth 
Cross. The accident class with the highest fre
quency involved a motorist turning right or left 
at an intersection and hitting a bicyclist corn-

ing f rorn behind or from the opposite leg of the 
intersection. Virtually as frequent was the 
accident in which a motorist entered an inter
section and struck a cyclist emerging from the 
orthogonal leg. These accidents occurred primar
ily among cyclists more than 18 years of age. 
Accidents in which the cyclist entered the road 
at a rnidblock location (bicycle ride-out) also 
occurred with some frequency, particularly among 
children younger than 11. Frequencies of key 
variables such as time of accident were also ob
tained. Recommendations include publicity of the 
study results, education of bicyclists and mo
tor is ts, increased enforcement of traffic laws, 
and improved record keeping for ongoing classi
fication of bicycle-motor vehicle accidents. 

In 1982, in response to the request of the Environ
mental Protection Agency (EPA) for the development 
of reasonably available control measures (RACMs) to 
reduce air pollution in the Boston metropolitan 


