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Thispaper presentsearly findingsfrom an application of advanced park-
ing technologies to increase effective parking capacity at a transit station
during thefirst half of 2004 in the San Francisco Bay Area, California. It
begins with an extensive review of the literature related to transit-based
smart parking management systemsto illustrate therange of system con-
figurationsand their potential travel, economic, and environmental effects.
Two important conclusions from thisreview arethat thelack of parking
spacesat transit stationsmay be a significant constraint to transit useand
that pretrip information and perhaps en route information on parking
availability at transit stations may increase transit use. A survey of com-
muters at the Rockridge Bay Area Rapid Transit (BART) station was
implemented to gain insight into parking information needs, the travel
effects of a new monthly paid parking program, and the potential travel
effectsof asmart parking service. Firgt, it wasfound that a potential mar-
ket existed for adaily paid parkinginformation serviceamong current and
new rider swith relatively high incomes, high automobile availability, and
variable work locations and schedules. Second, the current monthly
reserved paid parking service might have increased the frequency of
BART use among subscribers, but it might not have reduced net auto
travel for two reasons: subscribersappear to have switched to BART for
their main commute mode from carpool, bus, and bike modes; and sub-
scribers might haveincreased their use of the drive-alone mode to access
the BART station.

For nearly 100 years, planners, politicians, engineers, and environ-
mentalists have wrestled with the challenge presented by theincreas-
ing prevalence of the automobile: where to put cars. With solutions
ranging from the earliest parking garages—renovated horse barns—
to fully automatic parking structures, innovative thinkers have
attempted to devise clever waysto park cars. Some of the more cre-
ative but less practical ideas generated over the years include the
parking Ferriswheel, alazy Susanfor cars, and aparking rack, which
alowed cars of any shape or size to be stored at a 30° angle through
theuse of ahydraulic valve (1). A recent and promising contribution
to the annals of parking innovations is the concept of “smart park-
ing.” It is broadly defined as the application of advanced technolo-
giestoimprovethe speed and efficiency of locating, reserving, and
paying for parking. Smart parking may achieve what many of its
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forerunnershave attempted but failed to do: use existing land dedicated
to parking more efficiently.

This paper presentsearly findingsfrom an application of advanced
parking technol ogiesto increase effective parking capacity at atran-
sSit station during thefirst half of 2004 in the San Francisco Bay Area,
California. Project partners include the California Department of
Transportation (Caltrans), California Partners for Advanced Transit
and Highways (PATH), the Bay Area Rapid Transit (BART) Dis-
trict, ParkingCarma, and the Quixote Corporation. Preliminary
analyses indicated that the Rockridge BART station in Oakland
could benefit from a smart parking management system because
parking demand exceeds supply. Informing that analysis were the
following observations: parking typically fills around 7:30 am.;
morethan 30 carscyclethrough the parking lot and |eave each morn-
ing; and the limited monthly reserved paid parking is fully sub-
scribed. In addition, the Rockridge station is adjacent to CA-24, an
important commute corridor from the East Bay to downtown Oak-
land and San Francisco. Project partners thus saw an opportunity to
apply smart parking technologiesin afield operational test with the
goal of expanding effective parking capacity, transit ridership, and
revenues.

Thisfield test includes traffic sensors that count the number of
vehicles entering and exiting a parking lot at the Rockridge BART
station. Information collected by sensors is relayed to a central
reservation system, which keeps a master tally of available station
parking. The computer then relaysthisreal-time information to the
variable message signs (VMSs) on a highway adjacent to the sta-
tion to alert driversto the availability of parking spaces. The smart
parking reservation system allows travelers to check availability
and to reserve spaces by the Internet, phone, cell phone, and per-
sonal digital assistant up to 2 weeks in advance of atrip. Before-
and-after surveys and focus groups will be used to evaluate the
travel effects, economic potential, and system technology of the
field test.

Thispaper beginswith an extensivereview of transit-based smart
parking management systems implemented throughout the world
to illustrate the range of system configurations and potential travel,
economic, and environmental effects. That isfollowed by a survey
of commutersat the Rockridge BART station that wasimplemented
to better understand rider attributes (travel patterns, demographic
characteristic, and attitudes); the travel effects of station monthly
reserved paid parking; and the potential travel effects of a smart
parking service. Literature and survey results were used to help
tailor smart parking servicesto suit commuters’ needs and increase
transit use.
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LITERATURE REVIEW

Parking problems are ubiquitous in almost every major city in the
United States and internationally. It is well known that the limited
availability of parking can contributeto roadway congestion, air pol-
lution, and driver frustration. However, a problem that is less well
recognized by the public is the negative effect of insufficient transit
station parking on transit use. Research suggests a significant rela-
tionship between transit use and the provision of parking at transit
stations (2, 3).

Smart parking management systems have been successfully imple-
mented in numerous European and Japanese citiesto more efficiently
manage parking capacity at transit stations. Quick, convenient
automobile access to park-and-ride lots can be essential to making
transit competitive with the automobilein suburban areas. Such smart
parking systemstypically providerea-timeinformation viaVMSsto
motorists about the number of available parking spaces in park-and-
ride lots, departure time of the next train, and downstream roadway
traffic conditions (e.g., accidents and delays). Transit-based smart
parking systems are generally implemented to increase transit mode
share and revenues, and thus they may reduce vehicletravel, fuel con-
sumption, and air pollution. Theliteraturereview inthissection begins
with an overview of selected transit-based smart parking applications
and isfollowed by adiscussion of available system evauations.

Applications

In Europe, one of the most sophisticated smart parking systems, called
Stadtinfokdln, is located in Cologne, Germany. Orski (4) describes
the system as providing

up-to-the-minute information about parking availability both at subur-
ban park-and-ride lots and at the 31 affiliated underground and surface
parking facilitiesin Cologne' scity center. Thisinformationisdisplayed
on automatically updated variable message signs situated on approaches
to the city, enabling city-bound motorists to decide in advance if they
should leave their car at a suburban park-and-ride and complete their
journey by train, or continue al the way by car. Drivers who decide to
driveall theway into the center are guided to parking facilitiesthat have
vacant spaces with the help of directional signsthat display the number
of vacant spaces available at any giventime. (4, p. 54)

The parking guidance information component of that system uses
loop detectors to monitor available parking spaces in facilities and
then transmits messagesviaVM Ss. The software uses historical data
by timeto predict parking facility occupancy status. Planned improve-
ments include forecasts of available metered on-street parking and
a parking reservation system via the Internet, phone, or in-car
terminal (4).

Another example of an advanced smart parking system is the
Frottmaning U-Bahn station park-and-ride lot (with 1,270 parking
spaces) in Munich, Germany, onthe A9 Autobahn. That system boasts
three dynamic VM S screensal ong the nearby highway, whichindicate
the number of parking spaces, real-time transit schedules, and traffic
news. Once motorists enter the parking facility, they are guided to
the closest empty parking space by areal-time surveillance and con-
trol system. The smart directing system uses laser-scan detectors at
entrance and exit lanes and ultrasound detectors at each parking
space (5).

Similar systemsarelocated in citiesand regionsthroughout Europe
including the German cities of Frankfurt, Cologne, Stuttgart, and Dort-
mund; Geneva, Switzerland; the French cities of Grenoble, Chambery,
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Lyon, and Strasbourg; the English cities of Southampton and Y ork;
and Dublin, Ireland (4, 6, 7). Another smart parking management
systemis planned for Berlin, Germany (8).

In Japan, the Toyotasmart parking management system wasorig-
inally developed to support the park-and-ride lots at the city’s two
major transit stations aswell asatradition of minimal on-street park-
ing. The central computer system gathers information (via phone
lines) on available spaces at parking facilitiesaswell astraffic flows
to the city center (e.g., highway closures). Information on parking
or traffic, or both, is provided to driversviatelephone, suburban and
urban VM SSs, radio, and entrance signs at parking facilities (9).

Morerecently, smart parking management programs have beenini-
tiated in the United States. In Chicago, lllinois, asystem isunder
development that would collect real-time data to provide en route
information viaVV M Ssto travel ersabout parking availability, location
of parking spacesin largelots or garages, departuretimesfor the next
train or bus, and advice to use transit when alternate roadway routes
are congested (10). The project is sponsored by Northeastern llinois’
Regional Transportation Authority, Metra Commuter Rail Division,
and the lllinois Department of Transportation in the Gary (Indiana)—
Chicago—Milwaukee (Wisconsin) corridor (4). This system is
described by Orski as follows:

Electronic guidance signslocated along expressways and arterial s that
lead up to commuter rail stationswill providereal-timeinformation for
motorists on the availability of parking. Theintent is to offer alterna-
tiverail station choicesat critical travel locations, based upon extent of
parking available at each station. Where severa satellite parking lots
exist near a station, the variable message signs will show actual park-
ing counts (or percentage utilization rates) at each lot, and direct
motorists to the lots with the most available parking (4, p. 56).

In addition, a Smart Park project that has been proposed for the
SantaClaraValley Transit Authority (VTA) dong CA-17-1-880in
Santa Clara County (San Jose area), California, would incorporate
advanced technologiesin park-and-ridelotsto encourage driverson
congested roadways to use transit or rideshare (11). The project has
been described as* anintermodal facility or system of park-and-ride
lots capable of exchanging dynamic information with the regional
transportation control systems” (12, p. 50). That information would
include “data on downstream congestion, availability of parking
spaces at individual Smart Park facilities, and transit performance”
(12, p. 50).

System Evaluations

There appears to be only one published (English language) study
that systematically eval uates the effectiveness of smart parking sys-
tems with respect to increasing park-and-ride lot use. Khattak and
Polak (13) evaluate areal-time parking information system in Not-
tingham, England, in which “real-time information was dissemi-
nated through the radio, while historical information regarding
parking lots was disseminated though newspaper advertisements
and leaflets” (13, p. 373). The results indicate that “drivers were
moreinclined to use therelatively underused park-and-ridefacilities
instead of the city center car parks, if they received parking infor-
mation from newspaper advertisements and leaflets’ (13, p. 373).
That study suggests the importance of pretrip information with
respect to parking choice and increased transit use.

Another study that suggests the potential significance of pretrip
traffic information with respect to mode change was conducted by
Conquest et al. (14). In that study, on-road survey data were col-
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lected from 3,893 motorists and evaluated to examine the effect of
traffic information on driver behavior. The study found that 23.4%
of respondents would not change their mode, route, or departure
time, but 50% of them were receptive to pretrip information, and as
aresult, they might alter their mode, route, or departure time (14).

Opinion surveys of the two systems as described (Frottmaning,
Germany; and Toyota, Japan) are generally described intheliterature.
Cervero (5) reports that the German Ministry of the Interior surveys
cited the highway park-and-ride displays in the Frottmaning system
as the main reason that many motorists have shifted from driving to
taking thetrainto work. A survey about the Toyotasystem indicated
the following after 6 months of operation. Respondents

Were aware of the signs—95%;

Made use of the information—71%;

Thought the system was hel pful—87%; and

Who used the system lived outside the city—32%.

Thereisaso limited evidence on the effect of parking capacity at
trangit stationson transit demand (2). Oneempirical study of parking-
constrained commuter stationsin the Chicago area (Metra) suggests
that each additional parking space may generate between 0.6 and 2.2
additional transit users (2). The author of that study notes that “on
the margin, new riders may use parking spaces a bit more inten-
sively than the average (e.g., carpools may be more common), but
it seems unlikely that an additional parking space could attract as
many as two new riders’ (2, p. 575). In addition, the analysis indi-
cates that increased parking capacity at constrained stations pro-
duced positive net social benefits. Ferguson reports that “a market
research study undertaken by Metrain 1985 identified alack of park-
ing at suburban rail stations asthe single largest factor contributing
to the observed ridership losses’ (3, p. 108). Furthermore, a survey
conducted for a smart parking management project that is under
development in Chicago, as mentioned earlier, indicates that park-
ing availability affects transit ridership (15). The survey found that
“athough about 58 percent of all riders surveyed stated that they
would simply park farther from the station if the parking lot nearest
to the station wasfull, 18 percent of theriders stated that they would
drivetotheir destination if their only choicewasto travel to the next
station downstream” (15, p. 2).

Theresults of surveys and focus groups for proposed smart park-
ing systemslinked to transit in Chicago and Santa Clara, mentioned
earlier, provide some insight into the information needs of parkers
at transit stations. The survey results for the Chicago proposal indi-
cate that “80 percent of the Metra riders traveling [during] peak-
hour travel period[s] thought that signage needed to be improved,
while only 57 percent of thosetraveling after . . . peak hoursdesired
improved signage” (15, p. 2). It appearsthat time-constrained peak-
hour travelers value timely information (i.e., open lot or spaces)
more highly than do off-peak travelers, because that information
may be critical to one’s catching or missing atrain. Results of focus
groups pertaining to the Santa Clara proposal also identify single-
occupancy vehicle “drivers with fixed schedules and long commute
distances’ asaprimary target market for their proposed smart parking
system (11, p. 5).

COMMUTER PROFILES
Two travel behavior surveys, one for commuters who did and one

for commuterswho did not use monthly reserved paid parking, were
administered in person by PATH student researchers at the Rock-
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ridge BART station from 5:30 to 7:30 p.m., Monday to Thursday,
during the month of November 2003. There were 158 surveys com-
pleted by BART commuters who did not use monthly reserved paid
parking. There were 60 surveys completed by BART commuters
who used monthly reserved paid parking—about 25% of the monthly
reserved paid parkers.

What follows is a detailed discussion of the survey results. First,
the general commute patterns of Rockridge BART station ridersare
presented. Those are followed by a discussion of the demographic
characteristics of BART ridersat the station. Next isadescription of
rider attitudestoward BART, its current parking services, and poten-
tial smart parking services, including daily paid parking. The travel
effects of the monthly reserved paid parking service are then
explored asis the potential effect of anew daily paid smart parking
service. Finally, key conclusions from the survey are made and their
implicationsfor the design of the smart parking service are described.

Commute Travel Patterns

Table 1 presents the commute travel patterns of BART riders at the
Rockridge station who use monthly paid parking and who do not.
The survey results indicate that the dominant destination location
for BART commuters at this station is downtown San Francisco
(74% for monthly paid and 80% for others). The lengthy time and
monetary cost of automobile travel in that origin—destination cor-
ridor provides the economic context for BART commute travel
and station parking demand. Congestion on freeways in the corri-
dor is severe, and the cost of parking in downtown San Francisco
ishigh. Asaresult, many commutersfind BART travel, even with

TABLE 1 Travel Patterns of BART Commuters at
Rockridge Station

Attribute Monthly Paid Others
BART use frequency N=60 N=158
Only occasionally 0% 7%
1-2 days per month 2% 6%
1-3 days per week % 22%
4-5 days per week 75% 53%
More than 5 days per week 17% 12%
Origin station area N=60 N=158
Rockridge 95% 81%
Other East Bay 5% 17%
Other 0% 2%
Destination station area N=58 N=158
San Francisco 74% 80%
East Bay 29% 20%
Alternate commute mode? N=60 N=158
Yes 28% 46%
Top reasonswhy don’t use BART N=16 N=111
Need car 63% 50%
Time constraints 6% 15%
Variation in persona work schedule 6% 11%
Too hard to park at BART 0% 9%
Top alternate commute modes N=20 N=111
Drive done 50% 32%
Carpool 30% 34%
Bus 5% 10%
Motorcycle 5% 0%
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the additional cost of monthly paid parking, to be less expensive
and more convenient than automobile travel.

The automobile is the dominant aternative to BART for com-
muters at the Rockridge station; that is, 80% of paid parkers and 64%
of other parkers usethe automobilewhen they donot rideBART. The
top dternative commute modes for both groups are drive-alone and
carpool modes, but commuters with reserved paid parking are more
likely to drive alone than to carpool (50% of paid parkersdrive alone
versus 32% of other parkers). Buses, telecommuting, and motorcycles
are al so used occasionally as aternative commute modes.

Theflexibility afforded by the automobilerelativeto BART travel
isamajor reason commuters choose it most often astheir alternative
commute mode. Both monthly paid parkers and other parkers report
that they do not use BART for their commute travel when they need
acar before, during, or after work (63% for paid parkers and 50% for
other parkers). Other important reasonsfor both groups aretime con-
straints (6% for paid and 15% for other parkers) and variation in per-
sonal work schedules (6% for paid parkers and 11% for other
parkers). In addition, difficulty in finding parking is an important
barrier to BART use for those without reserved paid parking (9%).

Survey resultspertaining to frequency of BART commute use and
one's propensity to take an aternative commute mode suggest that
the monthly paid parking service is related to frequency of BART
commute travel. Those with monthly paid parking commute more
often via BART than those without it; that is, 92% of paid parkers
use BART four or more times aweek versus 65% of other parkers.
In addition, those with monthly paid parking are less likely to use a
commute mode other than BART, or 28% versus 46%, respectively.

Demographic Attributes

In addition to exploring commutetravel patterns, the questionnaires
explored the demographic attributes of riders with and without
monthly reserved paid parking. Theresultsare presented in Table 2.

Not surprisingly, the survey results suggest that riderswith monthly
reserved paid parking have demographic characteristics that differ
from those of other riders at the station. First, the average household
income of those commuters with monthly paid parking tended to be
much higher than that of commuters without monthly paid parking:
55% versus 32% have household incomes greater than $100,000,
respectively. Thus, those riders are more likely to have the resources
to pay the additional BART parking costs. Second, riderswith monthly
reserved paid parking are more likely than other riders to have two
carsavailableto their households (48% versus 40%). Thus, they have
the means to drive and park at the station and have less incentive to
carpool, bus, walk, or bike to the station. Third, those with monthly
paid parking permits are somewhat less likely to belong to the pro-
fessional, technical, sales, and education category than are other
parkers (56% versus 60%) and somewhat morelikely to belong to the
manager—administrator and clerical—administrative support categories
than are other parkers (39% versus 26%). Those last two categories
of riders tend to go to work at the same place every day and have a
fixed 9-to-5, 5-day work schedule, as opposed to ridersin the former
categories, which tend to have variable work |ocations and schedul es.
Finally, those with monthly reserved paid parking are more likely to
be men than women (55% versus 44%) and tend to be better educated
(e.g., 15% versus 7% have aPh.D. or higher), older (40% versus 32%
are 4510 64 yearsold), and lesslikely to have aone-commuter house-
hold (47% versus 55%) than are other riders. Those characteristicsare
consistent with the distribution of income and occupation types of the
riderswith monthly reserved paid parking.
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TABLE 2 Demographic Attributes of Rockridge Station
BART Commuters

Attribute Monthly Paid Others
Gender N=60 N=156
Female 45% 56%
Age N=60 N=155
24 or younger % 16%
25-44 50% 49%
45-64 40% 32%
65 or older 3% 3%
Key education levels attained® N=60 N=157
Some college 7% 13%
Associate’s degree 5% 3%
Bachelor’ s degree 33% 39%
Some graduate school 8% 6%
Master’s degree 28% 25%
Ph.D or higher 15% 7%
JD. 3% 4%
Key occupations? N=59 N=158
Manager/administrator 27% 22%
Clerical/administrative support 12% 1%
Sales 5% 9%
Professional/technical 46% 48%
Student 5% 13%
Use cell phone? N=60 N=157
Yes 87% 91%
Household commuters N=60 N=157
One 47% 55%
Two 43% 32%
Three or more 10% 12%
Household car availablity N=60 N=157
Zero 0% 3%
One 35% 43%
Two 48% 40%
Three or more 16% 14%
Household income N=58 N=150
Under $45K 14% 26%
Between $45K and $100K 31% 42%
Over $100K 55% 32%
Household members by age N=60 N=158
Children under 5 4% 8%
Children 6to 18 16% 12%
Adults 19 to 64 78% 76%
Adults 65+ 2% 4%

aCategory does not total 100% because types with one or fewer responses
were omitted.

Approximately 90% of commuters surveyed at the Rockridge
BART station use a cell phone. Thus, many could easily access a
smart parking service that includes a cell phone reservation.

In general, the results suggest that the profile of those riders who
use monthly reserved paid parking and those who do not differ most
significantly with respect to income, automobile availability, and
flexibility of work schedule. High income and an available automo-
bile are necessary conditions for subscribing to monthly reserved
paid parking, and the constraint of arelatively inflexible 5-day work
schedule makes the monthly service particularly attractive to these
riders. It appearsthat amarket may exist for adaily paid parking ser-
viceamong other ridersand new riderswith relatively highincomes,
high automobile availability, and flexible work schedules.
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TABLE 3 Attitudes Toward BART Services by Rockridge Station Commuters

Attitude Monthly Paid Others

Top parking likes N=60 N=158

First Convenience & reliability (65%) No cost (36%)

Second Proximity (20%) Proximity (27%)

Third Pay once amonth (10%) Well lit (13%)

Fourth Time flexibility (4%) Secure (7%)

Top parking dislikes N=60 N=158

First Too costly (64%) Searching for parking (31%)
Second Space not always available (25%) Parking often unavailable (28%)
Third Wait list for spot (4%) Paying for parking (15%)
Fourth Lack of enforcement (3%) Poor lighting (5%)

Attitudes Toward Current and Hypothetical
BART Services

Attitudestoward BART services were also explored in the surveys.
Key findings are described in Table 3. When asked about the qual-
ity of the BART parking service, most of the monthly paid parkers
indicated that they liked the convenience and reliability of their
reserved spot (65%), but they disliked the cost of the service (64%).
Most of those without a monthly paid permit liked the fact that
BART parking isfree (36%) and the proximity of parking to the sta-
tion (27%), but they disliked searching for parking (31%) and the
fact that parking is often unavailable (28%).

Attitudes toward the current monthly reserved paid parking pro-
gram and ahypothetical daily paid parking servicewere also explored
in the survey. The results are summarized in Table 4. First, respon-
dents were asked why they did or did not purchase paid parking. The
primary reasons why commuters subscribe to paid parking are that
searching for parking is a hassle (49%) and that parking is often

unavailablewhenthey need it (41%). Among those who have not sub-
scribed to monthly paid parking, the primary reasons are the high cost
(62%) and lack of monthly need (22%). When regular parkers were
asked if they would useapaid daily parking service at the station, 15%
said that they would, and 28% of those said, asaresult, that they might
use BART moreoften. When monthly paid parkerswere asked if they
might switch to daily paid parking, about 18% said that they might,
and the majority of those said that they would not reduce their use of
BART asaresult.

Travel Before and After Monthly
Reserved Paid Parking

The survey also examined the before-and-after travel patterns of
monthly paid parking subscribers. The results are documented in
Table 5. Asthe primary commute mode, BART travel increased by
15%,; drive-alonetravel decreased by 8%; and carpool, bus, and bike

TABLE 4 Attitudes Toward Daily Paid Parking at Rockridge BART Station

Monthly Paid

Why monthly parking? N=59
Searching for parking isahassle 49%
Parking is often unavailable 41%
Safety 4%
More convenient 2%
Travel patterns changed 2%
Daily paid instead of monthly? N=60
Very likely 10%
Somewhat likely 8%
Neutral 35%
Very unlikely 47%
Why daily paid? N=19
Need daily not monthly basis 2%
Daily paid parking more affordable 53%
More departure time flexibility 0%
Convenience and assured space 5%
If daily paid, use BART less often? N=31
Yes 22.9%
No 59%
Mixed 13%
Uncertain 3%

Others

Why not monthly parking? N=157
Paid parking istoo expensive 62%
Don’t need parking on amonthly basis 22%
Not aware of the paid parking option 5%
Paid parking is aready full 5%
No trouble finding a space 1%
Use daily paid? N=157
Yes 15%
No 71%
Mixed 9%
Uncertain 4%
Why daily paid? N=57
Need daily not monthly basis 31%
Daily paid parking more affordable 19%
More departure time flexibility 31%
Convenience and assured space 9%
If daily paid, use BART more often? N=57
Yes 28%
No 47%
Mixed 11%
Uncertain 14%

Nore: Only those who said that they would consider using daily paid parking were included in the calculations of whether BART

use would increase.
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TABLE 5 Travel Before and After Joining Monthly Reserved Paid
Parking at Rockridge BART Station

Main Commute Mode Share (N=59) Before After Change
BART 85% 100% 15%
Drive aone exclusively 8% 0% -8%
Combination of carpool and bus 3% 0% -3%
Combination carpool, bus, and bike 3% 0% -3%
BART Access Mode Share (N=47) Before After Change
Drive aone 7% 100% 23%
Drive alone and carpool 2% 0% —2%
Drive aone and bus 2% 0% —-2%
Carpool 11% 0% -11%
Bus 6% 0% —6%
Walk 2% 0% -2%
BART Freguency (N=50) Before After Change
Only occasionally 1 0 -1
1-2 days per month 1 1 0
1-3 days per week 6 3 -3
4-5 days per week 37 37 0
More than 5 days per week 5 9 4

travel decreased by 6% when a commuter subscribed to monthly
paid parking. With respect to BART access mode share, there was
asignificant increase in drive-alone access (23%) and a decrease in
carpool, bus, and walk mode shares (at least 19%). In general, it
appearsthat monthly paid parking increased BART use among sub-
scribers, but it may not have reduced their overall automobiletravel,
owing to diversionsto BART from carpool, bus, and bike modesfor
the main commute mode and increased drive-alone access to the
BART station.

SUMMARY AND CONCLUSIONS

Smart parking management systems that provide real-time informa-
tion to motorists about the number of available parking spaces in
park-and-ride lots, departure time of the next train, and downstream
roadway traffic conditions (e.g., accidents and delays) have been
implemented in many citiesin Europe and Japan. Morerecently, sev-
eral transit-based smart parking management programs have been
proposed in the United States. The results of the literature search on
the potential effectiveness of these systemsindicate the following:

1. Lack of parking spaces at suburban rail stations may be a
significant constraint to transit ridership.

2. Pretrip information and, perhaps, en route information on
parking availability at transit stations may increase transit ridership.

3. Regular commuters are most likely to use parking information
whenitislinked to transit, becausethat information may becritical to
their catching or missing atrain during peak hours.

Commuter surveys at the Rockridge BART station were imple-
mented to better understand rider attributes and the potential travel
effectsof asmart parking service. Morethan three-fourths of the com-
muters at the Rockridge BART station are headed for work locations
in downtown San Francisco. Congestion on freewaysin the corridor
from Rockridge to San Francisco is severe, and the cost of parking
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downtown is high. As aresult, many commuters find BART travel,
even with the additional cost of monthly reserved paid parking, to be
overall less expensive and more convenient than auto travel. In con-
trast, many commuters at this station do not use BART every day to
commutetowork; instead, they regularly travel towork by car because
of itsgreater flexibility with respect to running errands before, during,
and after work.

The demographic profile results suggest that those riders who use
monthly reserved paid parking and those who do not differ most sig-
nificantly with respect to income, automobile availability, and vari-
ability of work location and schedule. High income and an available
automobile are necessary conditions for subscribing to monthly
reserved paid parking, and the constraint of a relatively fixed work
location and a9-to-5, 5-day work schedule make the monthly service
particularly attractiveto thoseriders. Theseresults suggest apotential
market for adaily paid parking service among other riders and new
riderswith relatively highincomes, high automobile availability, and
variable work |ocation and work hours.

The survey results do suggest that limited parking at the Rock-
ridge station may be a barrier to BART commuting. In fact, 9% of
riderswithout monthly reserved paid parking indicated that thiswas
the case. Many also stated that they disliked searching for parking
(31%) and thelack of available parking (28%). The primary reasons
why riders did not purchase monthly parking were the high cost
(62%) and the lack of monthly need (22%). When those riders were
asked if they would use a paid daily parking service at the station,
15% said they would, and 28% of those said that as a result they
might use BART more often.

Analysis of the travel effects of the current monthly reserved
paid parking service indicates that it has increased the frequency
of BART use among subscribers, but it may not have reduced their
net automobile travel, owing to diversionsto BART from carpool,
bus, and bike modes for the main commute and increased drive-
alone accessto the BART station. It wasfound that 75% of parkers
with monthly paid parking used BART four to five times a week
versus 53% of other parkers. Asthe primary commute mode, BART
travel increased by 15%; drive-alone travel decreased by 8%; and
carpool, bus, and biketravel decreased by 6%. With respect to BART
access mode share, there was a significant increase in drive-alone
access (23%) and adecrease in carpool, bus, and walk mode shares
(at least 19%).

While parking shortage problems are well recognized, the cost
of providing additional capacity is frequently prohibitive. Smart
parking may provide a sensible meansto effectively increase park-
ing capacity. The results of the before-and-after evaluation of the
smart parking field test at the Rockridge BART station will con-
tribute further insights into the potential benefits of transit-based
smart parking.
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