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Ridership Impacts of
Transit-Focused Development in California

Executive Summary

1. Introduction

Billions of dollars have been and are being spent on urban rail transit in California, yet the
last 20 years have seen the private automobile increase 1ts market share of travel at the expense of
public transportation Between 1980 and 1990, for instance, transit’s share of commute trips fell
from 5 4 percent to 4 8 percent in greater Los Angeles and from 11 9 percent to 10 0 percent in
the San Francisco Bay Area.

One possible strategy for reversing this trend would be to concentrate more housing and
workplaces around rail stations — that 1s, put more of the ends of the commute trip, home and
work, near transit Bestdes increasing transit ridership, other secondary benefits might accrue
improved atr quality (especially to the extent short park-and-ride trips are converted to walk-and-
1ide), higher revenues (not just from farebox returns but possible joint development programs
like air rights leasing), inner-city redevelopment and increases 1n affordable housing, and infill
development and more efficient urban form

California has already made considerable headway in achieving transit-focused development
To date, forinstance, the Bay Area Rapid Transit (BART) District has negotiated several joint develop-
ment deals with private builders to construct mid-rise housing complexes on existing parking lots
at the El Cerrito, Pleasant Hill, and Hayward stauons While traditionally iewed as a deterrent to
development, over time parking lots can actually function as an asset since they represent large
tracts of pre-assembled, singularly owned, and cleared land that s relatively cheap to build upon.
Other factors working in favor of transt-focused development include the burgeoning need for
affordable housing as well as the many incentives governments have available to promote transit-
linked development, including tax-exempt financing, redevelopment powers, and zoning controls
However, many barriers also exist tight credit, questionable market viability, NIMBY reactions to
high densities, and exclusionary practices, like fiscal zoning, that keep out apartments

This report examines evidence on the degree to which existing large-scale developments
near rail stauons 1n California have encouraged transit usage Ridership patterns are studied for
housing, office-workplace, and retail developments In addiuion to quantifying the ridership impacts
of transit-focused developments, the study also seeks to explain those factors which appear to most

directly account for the travel choices of people living, working, and shopping near rail stations



2. Evidence to Date

Several earlier studies explored similar quesuons A 1991 survey of residents living in four
large apartment complexes within one-third mile of different East Bay BART stations found that 38
percent regularly commuted by BART More in-depth surveys were conducted 1n 1987 and 1989 on
the ridership profiles of large-scale developmerits near Metrorail stations 1n the greater Washingron,
D C,area For residential projects, shares of work trips taken by rail ranged from 18 10 63 percent
Rudership was the highest for projects closest to Metrorail stations and among station-area residents
headed to central Washington, D C, for work Downtown offices averaged work trip modal splits
of around 50 percent, compared to less than 20 percent for suburban office projects near rail For
retail centers near Metrorail, location and ttme of trip were the most important determunant of
mode choice —well over 50 percent of shop trips made 1o large downtown retail stores or made
to other close-by malis during the midday were by Metrorail

Another important earlier study on this topic was conducted in Toronto and Edmonton,
Canada For transit-focused development in these two cities, even hugher rail modal splits were
found than in Washington, D C Addiuonally, the catchment area that people would be willing to
walk to a station was found to extend as far as 4,000 feet Other research has shown that acceptable
walking distances can be stretched considerably (perhaps as much as doubled) by creating pleasant,

interesting urban spaces and corndors

3. Study Methodology

In this study, surveys were conducted of developments near California rail stations that met
these criteria (1) maximum distance  sites had to lie within two-thirds of 2 mile from stations, and
ideally within the more walkable distance of one-third mile, and (2) minimum size the following
thresholds had to be met— residential (75 dwelling unuts), office (10,000 square feet or 100 employ-
ees), and retail (400,000 squarefeet) Candidate sites were screened for the following five Califorma
rail systems BART, CalTrain, and Santa Clara County Transit (SCCTA), Sacramento Transit (ST),
and San Diego Transit (SDT) These systems represent a mix of rail technologies BART— heavy
rail, CalTrain —commuter rail, and SCCTA, ST, and SDT —light rail In all, 27 residential projects
located near 20 different rail stations were surveyed. Surveys were mailed to all households at these
sttes, ehiciting data on "main” weekday trips made by persons 16 years and above. The response
raie was 18 4 percent, providing data on over 2,500 trips among nearly 900 individuals

For transit-focused offices, surveys were conducted at the workplace with the approval of
office management In all, data were compiled from 1,430 workers at 18 transit-focused offices 1n
California, represenung a 22 7 percent response rate Lastly, pedestrian intercept surveys were
carried out to gather travel data for shoppers and others at retail centers near BART stations, pro-

ducing around 900 survey responses



4. Transit-Focused Housing

The following results were found for the 27 surveyed restdential sites

The average rail modal split for all trips was 15 percent, with significant variation Rail
shares as high as 79 percent and as low as 2 0 percent were found among residential
projects Housing around BART averaged the highest rail splits (26 8 percent), while
housing around SCCTA averaged the lowest (6 7 percent) Overall, those residing near
Californua rail stations are fairly auto-dependent — over 75 percent relied on a car,
either as a driver or a passenger, for their primary trips

Rail caprured 19 percent of work trips made by station-area residents, and in the case of
BART, 33 percent This 1s much higher than the three BART-served counties’ rail modal
split of 5 percent for work trips 1n 1990 It 1s also considerably higher than the 1990
average of 17 8 percent for all Bay Area residents living within one-half mile of a BART
station. For each Bay Area city served by BART, residents living near rail stations were
around five umes as likely to commute by rail transit as the average resident-worker in
the same city

The strongest predictors of whether station-area residents commuted by rail was whether
their destination was near a rail station and whether they could park free at their destina-
tion Other significant predictors were vehicle ownership levels and the availability of
employer-paid transit allowances If station-area residents work in San Francisco for an
employer who charges for parking and they receive a transit voucher, there s over a 95
percent chance they will commute by BART. If the same conditions hold and they work
in Oakland, the probability falls to 64 percent, and for most other BART-served destina-
tions, the odds are in the 10 to 15 percent range And if they work at a destination beyond
normal walking distance from BART and receive free parking, there is only around a 2
percent chance they will commute by rail Clearly, if transit-based housing 1s to produce
meanmngful mobility and environmental benefits, there must also be transit-focused
employment centers.

Many of those surveyed who previously lived elsewhere in the same metropolitan area,
though not near a rail station, changed modes of travel once they moved close to rail—
around 29 percent who usually drove alone to work at their previous residence now
commute by rail. A majority of current rail users, however, previously rode rail or bus
to work Part of the high incidence of rail commuting among station-area residents,
then, could be due to the fact that they have a high proclivity to patronuze rail transit
Also, the decision to rent or buy a home near a rail station mught have been influenced

by a desire to commute to work by rail transit



» Asmughtbe expected, the vast majority of those residing near rail accessed nearby stations
by foot —around nine out of ten Once they reached their exat station, around three-
quarters walked to their desunarnons

o Households near rail stations were smaller 1n size (average = 1 89 persons) and owned
fewer vehicles (average = 1 53 cars or trucks) than other households in the respective

metropolitan areas

5. Transit-Focused Workplaces

The following results were found for the 18 surveyed offices and workplaces

e The average rail modal split for work trips was 8 8 percent  For surveyed worksites near
BART, rail’s share was 17 1 percent, well above the Bay Area’s rail work trip share of 5
percent On average, those working near California rail stauons were 2 7 times more
likely to commute by rail than the average worker 1n the cities studied

e The strongest predictors of whether station-area workers commuted by rail was whether
they resided 1n a rail-served city, could park free at their workplaces, and had access to
a private vehicle Living in a BART-served city, for instance, increased the likelthood of
station-arez workers commuting by BART by 40 percentage points, all else equal Free
parking reduced the likelthood by around 20 percentage pomnts Rail commuting also
increased with commute distance and the availability of a transit allowance (when com-
bined with paid parking at the workplace) Overall, these findings are consistent with
those for transit-based housing — both the origin and destination ends of the commute
trip need to be in reasonably close proximity to a station for there to be high levels of
rail travel That 1s, transit-based workplaces require transit-based houstng if rail travel
1s to seriously compete with the private automobile

¢ Of station-area workers who previously worked at a location unserved by rail but within
the same metropolitan area, only around 31 percent commuting by rail now used 1t before
From thus, one can infer that working near a rail station raises the likelihood of commu-
ting by rail by 30 or so percentage points, all else being equal

e Working near rail was not a strong inducement to using rail for midday travel. Only 3 per-
cent of midday trips made by station-area workers were by rail. The need to make mudday
trips, on the other hand, reduced the odds that station-area workers commuted by rail

e Among station-arez workers who commuted by rail, shightly more than 50 percent park-
and-rode at the oniginating station Around one out of five reached the station by foot

Once at therr destination station, over 85 percent walked to their nearby workplace



6. Transit-Focused Retail Centers

The following results were obtained for the three large Bay Area shopping complexes located
within a quarter-mile of a BART station SFCentre 1s located 1n the heart of downtown San Francisco’s
retail district where parking 1s expensive and transit services are superior to anywhere else 1n the
region Both El Cernito Plaza and Bayfair shopping center are large enclosed complexes in the East
Bay, surrounded by free parking

e For all three shopping centers combined, 15 percent of those surveyed arrived at the cen-
ter by BART The two suburban shopping malls with plentiful parking had lower rail
shares —especially El Cerrito, where only 6 6 percent of shoppers and others surveyed
arrived by BART

e SFCentre’s relatvely high share of BART users partly reflects its larger retail marketshed
—around 14 percent traveled over 20 miles to get there However, over one-third also
traveled less than a mile to SFCentre — typically downtown workers and tourists.

¢ Shoppers who arrived by rail tended to be women, youths, and ethnic minorities

7. Influences of the Built Environment

The relationships between transit nndership and the site and neighborhood characteristics
of the 27 residential and 18 workplaces were also explored. The following was found

e Rail's modal share fell linearly with distance from the station for the surveyed housing
projects -—on average, by about 0 85 percentage point for every 100-foot increase in
walking distance

o For offices, the ndership gradient followed an exponential decay function For non-BART
sites, only offices within 500 feet of a station had as much as 15 percent of their workers
commuting by rail, beyond 500 feet, no more than 10 percent of workers took rail to work

» Ingeneral, ridership gradients for California transit-focused projects were flatter and lower
than those found in previous studies for Washington, D.C., Toronto, and Edmonton This
1s likely attributable to the greater abundance of park-and-ride facilities at Californsa sta-
tions, differences in urban form, and the higher degree of workplace primacy (1 e, larger
downtowns) in these other cines.

o Among land-use variables studied, ridership for transit-based housing projects was most
strongly related 1o neighborhood density and proximity Mixed land uses and various
indicators of "walking quality” were not significant predictors of transit modals splits
among residential sites  Thus, within a one-half mule or so radius of a station, land uses
or features of the built environment matter very little — as long as residences are near
stations, the characterstics of the immediate surroundings are of minor importance,

barring no serious problems like blight or hugh crime rates



e For office developments, proximity and areawide densities were the two domunant site-
related factors influencing rail usage For every additional 100 employees per acre, rail
ridership rose 2 2 percent Mixed uses and measures of environmental and walking
quality were not significant predictors of the share of station-area workers who commu-
ted by rail

e Overall, itis the "clustering” (1 e, close proximity and higher densities) of residences and
workplaces near rail stations that has the biggest influence on travel behavior among all
land-use factors Factors like levels of mixed uses or quality of walking environment have
a negligible influence As long as development 1s geographically close and oniented
toward a rail station, reasonable shares of restdents and workers will travel by rail  To the
degree both ends of trips are clustered around a rail station, the odds of traveling by rail

transit increase sharply

8. Conclusions

The principle conclusion of this research 1s that if transit-focused development is to reap sig-
nitficant mobility and environmental benefits, then most kinds of trip origins and destinations must
be clustered around rail stations Having transit-based housing does little good if most job growth
occurs outside of CBDs or far removed from rail stattons— such as in suburban office parks and
highway corridors Likewise, rail-served shopping centers will attract relatively few transit users if
rost restdences and workplaces are not oriented to transit In short, a variety of urban activities
need to be concentrated near transit facilities if significant shares of trips are to be won over to tran-
sit, especially given the trend towards decentralization We can conclude, then, that for rail transit
to work effectively, metropolitan areas need a multi-centered urban form that is fed by an efficient
transit system —that is, they need 1o be more like some of the world’s most successful transit metrop-
olises, such as Stockholm and Toronto In addition to clustered development around rail stations,
other complementary policies and programs need to be in place — such as universal parking charges
and employer-paid transit allowances Together, transit-focused land-use measures and transporta-
tion demand management (TDM) programs are a powerful combination for inducing modal shifts
1O transit.

The ability of transit-focused development, by itself, to produce significant regional mobility
15 clearly limited. For example, only 8 9 percent of residents from the three BART-served counties
bived within one-half mile of a BART station 1n 1990 Based on 1990 census statistics, only 17 8 per-
cent of these station-area residents commuted by rail transit  This means that only 1.6 percent of all
commute trips by residents of the three BART-served counties were by station-area rail users Doub-
hing or even tripling the amount of transit-based housing would clearly have a modest impact on

regional traffic and environmental conditions, 1n and of itself However, were these efforts comple-



mented by more transit-based workplaces and restraints on private automobile usage (matnly in
the form of mandatory parking charges and bridge tolls), the mobility and environmental impacts
of concentrated development around BART stauions would hkely be significant Better pricing and
better urban design, along with better regional planning, would go a long way toward producing

built forms that begin to attract substantial numbers of Americans to transit and other alternatives

10 the drive-alone automobile
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Chapter One

Traasit-Focused Development in California:
Rationales, Issues, and Opportunities

1. Introduction

Over $6 billion has been invested in urban rail transit in California over the past 20 years,
and another $7 5 billion 1s commutted to projects in various stages of planning and development
Metropolitan Los Angeles-Long Beach, Sacramento, San Diego, and San Francisco-Oakland-San Jose
have built rail transit systems in recent decades not only in hopes of enhancing regional mobility
but also 1o reduce air pollution and fuel consumption and to guide urban growth

Transit, of course, only produces mobility and environmental benefits if people switch from
driving cars to riding tramns and buses. Many factors, however, are eroding transit’s ridership base
—rapid suburbanizauon in particular, much of which is focused on highway corridors Nation-
wide, transit ridership fell from 6 4 percent of all commute trips in 1980 1o 5 3 percent in 1990
(Pisarski, 1992). Among suburban residents commuting to work, moreover, transit's market share
fell by 2 1 percentage points during the 1980s in the 25 largest U S metropolitan areas (Cervero,
1993b) While transit trips rose in absolute numbers in Califorrua between 1980 and 1990 (one of
the few states where this was the case), transit’s share of commute trips fell 1n all metropolitan areas
greater Los Angeles —5 4 percent to 4 8 percent, San Francisco Bay Area— 11.9 percent to 10 0
percent, San Diego -3 7 percent to 3 6 percent, and Sacramento — 3.7 percent to 2 5 percent

Given the billions of dollars already invested in urban rail transit in Californ:a and the bil-
lions more currently in the pipeline, these trends are worrisome. California policymakers must
respond creatively to reverse transit’s downward dechine One possibility is to create attractive
living and working environments around rail stations that will lure more and more households
and firms to locate nearby Whether clustered development around transit stops means substan-
tially more Californians will patronize mass transit remains unclear, however. Can transit-focused
development help counter the many factors, such as rapid suburbanizauon and free parking, that
are attracting increasing numbers of Californians to their private automobiles? Will 1t have any
meanngful effect on transit ridership, regional mobility, and environmental quality? Do the charac-
teristics of the built environment around suburban transit stations, such as density and degrees of
land-use muxtures, make any difference? This report aims to shed light on these and other policy-
relevant questions about transit-focused development in Califorma

The primary purpose of this research 1s to document the ridership impacts of existing resi-

denual, office, and retail developments near the stations of five rail transit systems in Califfornia—



Bay Area Rapid Transtt (BART), Santa Clara Light Rail Transit, Peninsula CalTrain, Sacramento
Regional Transit, and San Diego Trolley Among California’s urban rail systems, these have been
in operauon the longest and thus provide a context for studying the ridership impacts of transit-
based development around more mature station environments ! Moreover, they span a range of
rail transit technologies —heavy rail (BART), commuter rail (Penunsula CalTrain), and light rail
(Santa Clara, Sacramento, and San Diego) ? The report goes well beyond describing ridership
impacts, however It also examines how ridership varies among different sociodemographic and
trip-making submarkets, and analyzes factors that influence rail users’ modes of access Also, the
effects of the built environment — such as density, land-use mixtures, and levels of amenity— on

the ridership charactersstics of transit-focused development are studied

2. Tramsit-Focused Development in California

Interest in clustering housing and commercial development around rail transit stations has
gained momentum in recent years Rail transit agencies like BART and San Diego’s Metropolitan
Transit Development Board (MTDB) see an opportunity to jointly develop land holdings around
stations, including park-and-nide lots, in association with private real-estate developers, hopefully
earning lease income and generating new patronage 1n the process To date, BART has negotiated
several joint development deals with developers to build mid-rise housing complexes on existing
parking lots at the El Cerrito, Pleasant Hill, and Hayward BART stations Rising land values and
pressures for affordable housing have prompted BART to seriously consider converting parts of 1ts
vast inventory of park-and-ride lots to mid-rise housing These projects may eventually lead to
mini-communtties mushrooming around dozens of BART stations, as was envisaged when BART
was orniginally conceived over 40 years ago

Plenty of building activity can also be found around other rail stations 1n California as well
In Mountain View, several multi-family projects near the CalTrain station are being built, including
an apartment complex with 700 units at the Old Mill Shopping Center Santa Clara County’s light-
rail stations have attracted several "trandominium” housing projects that rely on rail proximity as
an important marketing tool, demand is so high for new units at two unfinished San Jose trando-
muntum projects that the developers have had to resort to waiting lists. As part of Santa Clara
County’s Housing Instiative Program, plans are underway to eventually build over 13,700 units of
moderate-density housing (at 12 to 40 dwelling units per acre) near light rail statons San Diego
has already seen a flurry of recent apartment construction along the new El Cajon extension,
mncluding more than 500 attractive apartment units recently built near the Amaya station

The growing popularity of traditional neighborhood designs (TNDs) and transit-oriented
development (TODs) has spawned particular interest in rail-based housing and mixed-use projects,

especially in Califormia These design motifs aim to reduce auto-dependency by creating attracuve



environments for walking and using transit The TNDs of architects Andres Duany and Elizabeth
Plater-Zybeck borrow the successful elements of tradittonal turn-of-the-century transit communities
a commercial core within walking distance of a majority of residents, a well-connected (typically
grid) street pattern, narrow streets with curbside parking, mixed uses, and varying densities of
housing (Lerner-Lam et al , 1992, Beimborn and Rabinowitz, 1991)

In Califfornia, Sacramento County has most aggressively pursued transit-oriented develop-
ments (TODs), which have become the cornerstone of the county’s updated General Plan The
Plan expressly aims to "promote strong linkages between transit and land use by facilitating the
development of higher residential densities and commercial intensities at transit stops and along
transit corridors " One master-planned new town, Laguna West, is being built as a TOD, incorporat-
ing a feeder bus line which mught one day be replaced by the extension of Sacramento’s light rail
system Laguna West's architect Peter Calthorpe designed the community so that over 80 percent
of residents would be within a one-quarter-mule walking distance of a transit stop

Developers, 1t should be stressed, are not being coerced into transit-based developments
All are willing partners, seeing an opportunity to fill a new market niche — providing moderate-
priced housing with superb regional accessibility In addition to transit agencies and developers,
local governments are an important player in promoting transit-focused development. The cities
of Hayward, Union City, El Cerrito, and Pleasant Hill have recently formed redevelopment districts
around BART stations for thss very purpose El Cerrito’s redevelopment authority has used tax-
exempt financing and subsidies for below-market housing to leverage private investment in three
major multi-famuly projects near the El Cerrito del Norte BART station Sacramento’s updated
General Plan has targeted 13 LRT station areas for introducing an array of development incentives,
including higher allowable residential densities, lower minimum parking requirements, density
bonuses, tax-increment financing, and industrial development bonds. Other jurisdictions are
following suit A recent survey found that 10 of the 36 northern California jurisdictions with rail
transit stations have undertaken major planning activities to attract development around stations,
and several have made transit-based development a primary planning goal (Bernick et al , 1993).

In recent years, important state and federal laws have been passed that will reinforce and
Likely heighten interest in transit-based development The 1991 national surface transportation
act (ISTEA) and federal and state air quality regulations stress the importance of increasing transit
ridership in major urban centers ISTEA requires state departments of transportation and metro-
politan planning organizations (MPOs) to assess transportation and land use decisions in refation to
one another The recent Americans with Disabilities Act (ADA), moreover, will likely work toward
closer physical integration of transit facilities and surrounding communities so as to guarantee

everyone equal access to rail transit facilities



Califormia has emerged as a nauonal leader 1n legislaung and promoung stronger linkages
berween transportation and urban development As part of the legislauve package for Proposition
111 (which increased the state gas tax), California recently enacted AB471 that requires all ciues and
urban counties to prepare 2 Congestion ManagementPlan Akeycomponent of this plan 1s a require-
ment that localland-use decisions be assessed 1n terms of how they will affect regional transportation
systems California’s stringent air quality requirements have also pressured severe non-attainment
areas like Los Angeles County to more closely integrate land use and transportation planning
Indeed, one of the principal justifications for Los Angeles’s new rail system and BART extensions
has been to reduce mobile sources of air poliution Clearly, these investments will only impact air
quality if they induce significant numbers of motorists to switch over to transit riding  This will
depend, 1n part, on creating denser, more mixed-use nodes of development around exssting rail

stations

3. Expected Benefits of Transit-Focused Development

The primary benefit of having more of California’s urban development focused around rail
transit statons is that transit usage would likely increase as a result Deciphering "how much" 1s
the principal focus of this research

The spin-off, or secondary, benefits from converting more urban travel to public transit
have parucular policy appeal Among the likely secondary benefits are

Improved mobility and environmental conditions Ridership increases could relieve traf-
fic congestion along roads paralleling rail transit lines and reduce automotive tailpipe emussions

Placing more housing and jobs near rail stations could further reduce air poliution by con-
verting some park-and-rnide and kiss-and-nide irips to walk-and-ride Currently, an estumated 80
percent of suburban Bay Area residents who ride BART access statons via private automobile
(Sedway and Associates, 1989) These suburban transit users do little to improve air quality and
conserve fuel, since emission and fuel consumption rates are relauvely high for short automobile
trips due to cold starts and hot evaporative soaks For a five-mile journey, the typical distance of a
park-and-nde trip to a rail station, around 85 percent of hydrocarbon emissions are due to cold
starts and hot soaks (Cameron, 1991) All of California’s large cities currently exceed federal and
state clean air standards for ozone and carbon monoxide. To the degree transit-based develop-
ment induces more walk access, 1t could yield important air quality benefits

Increased transit revenue yields Higher ridership would increase farebox income, thus
reducing the reltance of transit agencies on operating subsidies Income can zalso be generated
from land and air rights leases, station connection fees, benefit assessments, and other forms of

value capture (Cervero et al.,, 1992) And to the extent that benefits of being near regional rail



stations are caprtahized into higher land values and rents, governments should also receive more
property tax and value-added income

Increased stock of affordable bousing All Califormia metropolises suffer from a shortage of
affordable housing, forcing many moderate-income people, younger families, and first-time home-
buyers to reside on the exurban fringe Should the supply of affordable housing available to Bay
Area workers be largely limited to the Central Valley when there are vast amounts of open, devel-
opable land around some BART stations? Increases 1n allowable residential densities around rail
stattons could lower unit housing costs in addition to reducing transportation costs ' With less depen-
dency on car transport, some families might no longer need to own a second car, for example.

Otber social benefits In addition to responding to California’s most serious housing
dilemma -—the lack of affordable shelter— transit-based development could be a catalyst to redevel-
oping depressed and marginal inner-city netghborhoods An aggressive program of transit-oriented
development, 1n combinauon with other social programs like job training, could encourage more
private mnvestment in America’s urban centers Transit-focused development would also provide
more hive-travel options for older Americans and empty-nesters, disabled persons, and other transit-
needy groups Rather than living 1n an auto-oniented suburb, more Americans might opt to reside
in a transit-oriented urban settng if given a choice

More efficient urban form Transit-focused development would also promote infilling and
help to preserve natural resources, including open space and agricultural land Physical and social
infrastructure costs could also be contained to the extent that urbanization becomes more inward-
focused and less dispersed.

In summary, transit-focused developiment offers an opportunity to help redress some of the
state’s and the nation’s most pressing urban and transportation problems, including air pollution,
lack of affordable housing, traffic congestion, tnner-city distress, physical barriers to mobility, and
costly sprawl These secondary benefits will be limited, of course, by the degree to which resi-
dents, workers, and tenants of station-area developments actually patronize transit— the primary

benefit of transit-focused growth

4. Opportunities and Barriers

Opportunities

As discussed previously, recent state and federal nitiatives, like the clean air programs, have
created a legislauve environment that 1s conducive to transit-oriented development Market trends
such as overbuilt commercial space and the need for more affordable housing have also favored put-
ung hous:ng near rail stations, which was referred to at a recent Urban Land Institute conference as

the "ruche real estate market of the 1990s " Transit agencies and land developers have both moved up



the learming curve based on experiences with commercial joint development during the 1980s, which
should ease the negouatng process for housing joint development schemes now and in the future

Another set of inducements to transit-focused development are the many incentuves govern-
ments have at their disposal, including tax-exempt financing, zoning variances, redevelopment
powers, density bonuses, impact fee credits, and reduced parking requirements It 1s government’s
ability to assemble land, such as through land banking, eminent domain, or redevelopment takings,
and thus help write down costs, that 1s most appealing to prospective real estate developers
(Bermick et al , 1993) For many transit agencies, surface parking lots that encircle stations are
their biggest development asset Parking lots represent large tracts of pre-assembled, cleared land
that 1s relatively cheap to build upon Importantly, developers do not have to bear the risk of
negouating land purchases among multiple property owners, any one of whom can hold out,
thereby dooming a project To date, BART has negotiated with developers to build apartments on
existing park-and-ride lots at three stations in response to rising land values, local interest 1n revital-
1zing staton areas, and pressures to increase income through land leases

In many ways, the conversion of park-and-ride lots to housing and other uses represents a
de facto form of land banking One of the reasons why so much urban growth has clustered around
raul transit stattons in ciues like Toronto and Stockholm is that local governments were able to
acqire land over and beyond what was necessary to build the system In Toronto, the metropoli-
tan government used emunent domain rights to acquire some 18 extra city blocks along the Yonge
Street subway corridor, land that was later leased or sold 1o residential and commercial develop-
ers Inthe U S, state and federal laws prohibit excess land acquisitions — public agencies can exer-
cise eminent domain powers to condemn land that 1s directly related to the provision of a public
facility As station areas mature, however, transit agencies may be in a positton to build upon sur-
face parking lots, achieving results similar to land banking over ume The opportunity for reusing
park-and-ride facilities is greatest at terminal stations that are slated to become intermediate sta-
tons as a result of line extensions  Such was the case at the Ballston Station in Arlington, Virginia,
after Washington Metrorail’s Orange Line was extended into Fairfax County. When a major bus
transfer facility was relocated to the new terminus, the Washington Metropolitan Area Transit
Authornity (WMATA) negouated a long-term lease with a developer who built a 28-story office-

residenual retail complex on the land that was freed up

Barriers

Working against these opportuniues for transit-based development are a number of serious
obstacles Some are economic, some are political, and some are structural in nature
Among the economuc barriers are questionable market viability, ught credit, and potentally

high development costs associated with transit-oriented development A recent survey by the Build-



ing Industry Association of Northern Califorma found that 82 percent of Bay Area residents (exclud-
ing San Francisco residents) preferred a single-family house to any other housing type Some devel-
opers also fear transit’s presence will reduce the marketability of their projects, especially along lines
that connect to poor tnner-city neighorhoods One developer of a mixed-use project near the
troliey line 1n San Diego remarked at a recent American Public Transit Association (APTA) confer-
ence that he would not lease 1o prospective tenants who were seeking space expressly to be near a
troliey stop because of potential security and image problems The clear inference was that the devel-
oper did not want a tenant whose clients relied heavily on transit, typically inner-city residents
Class conflicts are no doubt at the subsurface of some transit-related development decisions

Institutional inertia also stands 1n the way of transit-focused development Because of the
economy, the softness of most real estate markets, and the bankruptcy caused by the savings and
loans crists, many of today’s lending institutions are hesntant to provide construction or perma-
nent financing for large-scale developments, like transit-based housing, that have no proven track
record Banks, moreover, typically resist efforts to provide below-standard parking, even when
superb quality transit services are avatlable Developers themselves are today more risk-averse, no
longer able to take advantage of the real estate rax shelters of the 1980s

Even state institutions have thwarted efforts to build transit-oriented communities in
Virginia, the state department of transportation designated all roads in a Loudon County neotradi-
tional development as private passageways (and thus not eligible for state funding or maintenance)
on the grounds that the project’s strong pedestrian orientation and resulting narrow road rights-
of-way were "substandard," which would make the state liable in the event of road accidents

Higher-density development also raises construction costs, especially when structured
parking 1s required And developments near rail transit stations sometimes require additional
outlays for security and hability tnsurance, further raising costs. Such add-ons work against the
goal of providing more affordabie housing near rail transit While governments can use tax-
exempt financing and impact fee waivers to help offset these higher costs, some developers are
reluctant to risk large amounts of capital without the kinds of long-term guarantees that many
governments are unable or unwilling to give

Among the polit:cal barriers to transit-based development is neighborhood resistance to
higher density construction and fiscal zoning For instance, residents around BART’s Rockridge,
Concord, Orninda, and North Berkeley stations have over the years pressured their respective city
councils to downzone their neighborhoods to prevent any intensification. Most viewed new pros-
pective residential and commercial development as physically intrusive and as a threat to property
values and neighborhood stability Many local governments have also tended to shun the con-
struction of apartments because of the common view that they demand high levels of public

service which are not covered by the property taxes they generate



Several structural barners have also imited the amount of residential and commerc:al con-
struction near Califorrua rail stations Many rail stations are 1n the medians of freeways (e g,
BART’s Concord line) or situated along former freight lines that traverse industrial belts with
modest development potenual (e g, San Diego Trolley’s South line) Such areas are often unap-
pealling for housing development and bereft of neighborhood character and urban amenities
Lastly, the Unuted States lacks prototypes of successful transitt-based suburban developments that

developers could emulate

Public Policy

To the extent that transit-based developments provide demonstrable public benefits, an
mmportant role for public policy will be to capitalize on the opportunities for such projects and to
attenuate the barriers For example, city fees could be lowered for transit-focused developments
The Contra Costa County Redevelopment District was formed to help finance local infrastructure
around the Pleasant Hill BART stauon, thus relieving the private sector of some development fees
The city of San Jose recently wrote down the land costs and loaned money for the underground
parking structure for Ryland Mews, a 130-unit condominium project now under construction near
the Japantown Light Rail station

Neigborhood and NIMBY opposttion to station-area development can be quelled by involv-
ing local residents in the decision-making process early on and through negotiations that promuise
neighborhoods something in return for accepting higher density housing A quid pro quo mught
be to match infilhing and densification with additonal amenuties, such as the enlargement of civic
spaces or improved public landscaping Community leaders mught also be introduced to success-
ful transit-based developments to help allay their fears. For example, an affordable Bay Area hous-
1ng project built by Bridge Housing Corporation won neighborhood approval after the developer

gave local residents an on-site tour of a simular project that was attractive and well-maintamned

5. Report Organization

The remainder of this report examines the degree to which existing large-scale develop-
ments nezr rail stations 1n Califorrua have encouraged high levels of transit usage. In addition to
quantifying the transit ridership charactenstic of transit-focused housing, office, and retail pro-
jects, the following analyses also seek to explain those factors which appear to most directly
account for ridership patterns

The next chapter summarizes what we currently know about the nidership impacts of
transit-focused development, drawing upon research findings from earlier studies done 1n the

greater Washington, D C, area, Canada, and California Chapter Three outlines the methodology



and analytic models used in this research Attention is given to the describing survey instruments
and the sampling frame used 1n the research

Chapters Four through Six present the empirical findings on the ridership characteristics of
different land uses around Califormia rail stations Each chapter similarly characterizes the socto-
economic and trip-making profiles of station-area developments Trips are defined with regard 1o
purpose, mode, ime-of-day, length, travel time, and origin-destnation pattern Models that explain
variation in modal sphits and other trip-making behavior are also presented Analyses are carried
out on how nidership varies with distance from rail stations and on how customers access stations
Chapter Four presents these materals for the residents of 27 transit-based housing projecis surveyed
in California Chapter Five complements this with an analysis of transit-based office projects And
Chapter Stx presents some evidence on transit usage by shoppers in the Bay Area

Chapter Seven focuses on the link between the land use and urban design characteristics
of residential and office sites and levels of transit usage Models are presented which explain how
modal splits vary by such factors as density, levels of land-use mixtures, origin-destination trip
partterns, and neighborhood walking characteristics

Chapter Eight concludes the report with 2 summary of key research findings, pohicy recom-
mendanons, and suggestions for future research An extensive appendix (consisting of the survey

instrument and more detailed staustical findings) and bibliography can be found at the end of the

report

Notes

“Transit operations commenced as follows BART —1972-73, Santa Clara LRT — 1987, Peninsulz CalTrain
—around 1910, San Diego Transit — 1981, and Sacramento Regional Transit —1987 Although new rail
services have been introduced in Los Angeles County over the past few years, transit-based developments
were not studied there since the system s in 1ts infancy and, outside of downtown Long Beach and Los
Angeles, there are currently few large-scale developments within walking development of the Blue Line sta-
tions San Francisco Munt’s LRT was not included in this analysis since San Francisco 1s highly urbanized
and built-up and averages comparatively high transit ridership levels Since Muni’s operating environment
is more stmilar to many large eastcoast cities than to most of California, the relatonship between Muni's
nidership and nearby development was not examined in this work

?Only developments around the stations of intrametropolitan rau systems were studied inter-city passenger
rail systems, such as Amtrak services between Los Angeles and San Diego or between Ozkland and
Sacramento, were not mciuded 1n the study



Chapter Two

Ridership Impacts of Transit-Focused Development:
Evidence to Date

. Introduction

To date, several studies have been conducted which examine the transit ridership character-
istics of housing and commercial projects located near rail transit stations Thts chapter summarizes
the findings of these earher studies, setting 2 benchmark on what we presently know Emptrical
findings from the San Francisco Bay Area, Washington, D C, area, and several Canadian ciues are
teviewed The literature on two other related subjects 1s also briefly summarized how far pedestri-

ans will walk to stations, and the effects of land-use environments on transit usage

4. Ridership by Proximity in the San Francisco Bay Area

So far, only informal surveys have been carried out on the ridership profiles of residents who
live near BART statzons A 1991 study (Bermuck and Carroll) interviewed residents living in four large
apartment projects withun one-third mile of four different East Bay BART stations Treat Commons
(Pleasant Hill stauion), the Verandas (Union City), Mission Wells (Fremont), and the Foothills (South
Hayward) Densities in these projects ranged from 30 to 50 dwelling units per acre In all, 63 of the
167 residents surveyed, or about 38 percent, indicated they used BART regularly for weekday com-
mute trips ! This 1s much higher than the 9 5 percent transit modal split for commute trips made
by the Bay Area work force in 1990 (Metropolitan Transportation Commussion, 1992)

The 1991 survey found hittle relattonship between distance to the statton and transit modal
splits for housing within the one-third-mile range At Treat Commons (1,800 feet from the station),
40 5 percent of residents commuted regularly by BART For the other projects, BART modal splits
were Verandas (700 feet away) —41 1 percent, Foothills (450 feet away)— 42 percent, and Mission
Wells (1,200 feet away) —27 6 percent 2 This analysis also found that not only did residential loca-
ton influence transit ridership, but the rail system also influenced residenual location 44 to 62
percent of people surveyed cited BART as a "main" or "major” factor in choosing their residence

Another earhier informal survey conducted 1n 1989 found a simular transit capture rate for
housing near BART stations Conducted by Sedway and Associates (1989), the survey of residents
who hived close to three suburban stattons on the Concord line (Concord, Pleasant Hill, and Walnut
Creek) found that 35 to 40 percent used public transportation This survey asked only if the resi-

dents used BART and did not consider frequency or trip purpose
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3. Ridership by Proximity in the Washington, D.C., Metropolitan Area

One of the most comprehensive analyses of rail ridership for developments near urban rail
stattons was conducted in the Washington, D C, area in 1987 and 1989 by JHK & Associates Four
types of nearby land uses were examined residences, offices, retail, and hotels Like this study. only
large-scale projects (e g , residential butldings with 75 or more dwelling units) within approximately

one-thircdd mile of a station were included in the studies

Residential Projects

The 1987 residennal survey examined ridership at eight mulufamily projects, some in down-
town Washington, D C, others 1n the suburbs All projects had at least 75 unuts and ranged from
300 to 3,800 feet away from a statton

The 1987 results for restdential projects are summarized 1n Table 21 Shares of work trips
taken by rail ranged from 18 to 63 percent Transit modal shares generally fell off gradually with
distance from stations For The Consulate complex, closest to any station (300 feet from the Van
Ness-UDC stauon), 63 percent of residents commuted via rail At the farthest development, Con-
necucut Heights, at 3,800 feet from the same station, 24 percent rode Metrorail to work The close-
in suburban Crystal City station was a notable exception to this pattern  rail ridership was higher at
Crystal Plaza Apartments, 1,000 feet from the station, than at Crystal Square Apartments (which 1s
home to a generally clder population), only 500 feet from the statton From these data, the authors
cafculate that the share of trips by rail and bus transit declines by approximately 0 65 percent for

every 100-foot increase in distance of a residental site from a Metrorail station portal

Table 2.1

Modal Splits for Residential Developments Near Metrorail Stations,
Washington, D.C., Area, 1987

Metrorail Station  Project Distance to Station % Raul % Auto % Other!
Rosslyn Ruver Place North 1,000 feet 453 415 133
River Place South 1,500 feet 400 600 00
Prospect House 2,200 feet 18 2 819 00
Crystal City Crystal Square Apts 500 feet 363 488 149
Crystal Plaza Apts 1,000 feet 440 450 110
Van Ness-UDC The Consulate 300 feet 630 326 44
Connecticut Heights 3,800 feet 240 56 0 200
Silver Spring Twin Towers 900 feet 36 4 523 114
Georgian Towers 1,400 feet 347 431 08

1"Other" consists of the bus, walking, and other forms of access

Source: JHK & Associates (1987)
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The 1987 survey was followed by a similar one two years later, carried out at ten different
residential sites near five statilons 3 A simifarly high transit modal share was found in the 1989 sur-
vey, ranging from 30 to 74 percent of commute trips Transit usage varied considerably, however,
depending on trip desunanon For instance, in the case of the 507-unit Randolph Towers complex
in Arlington, Virgima, which lies 500 feet from the Ballston Station portal, 69 percent of residents
commuted via Metrorail If they worked 1in Washington, D C, the modal share was 88 percent
Among those working 1n nearby suburban Fairfax County, 33 percent rode Metrorail, among those

working in Montgomery County, Maryland, 20 percent took rail to work

Office Projects

The 1987 JHK survey of people working in offices near Metrorail stations revealed two clear
patterns ridership was much higher at downtown than at suburban sites, and, as 1n the residential
survey. ridership fell off steadily as distance from offices to stations increased

As shown in Table 2 2, nearly 50 percent of those working 1n downtown office buildings
within 1,000 feet of the Metro Center or Farragut West Metrorail stations commuted via Metrorail,

compared to 16 to 19 percent of workers at buildings at comparable distances from the suburban

Table 2.2

Modal Splits for Office Developments Near Metrorail Stations,
Washington, D.C., Area, 1987

Metrorad Station  Project Distance to Station % Rail % Auto % Other!
Metro Center & International Square 200 feet 489 42 4 88
Farragut West  NCPC Buiding 500 feet 466 365 168
Olmsted Building 700 feet 435 454 114
McKee Building 900 feet 505 325 170
Realtor’s Building 1,200 feet 456 283 261
Am Inst of Architects 2,800 feet 27 4 559 167
Rosslyn 1300 N 17th Street 800 feet 192 800 15
AM Buidding 1,000 feet 243 73 4 16
Arr Force Assoc 2,200 feet 133 853 15
Crystal City Crystal Mall 1 200 feet 163 813 24
Crystal Square 2 1,000 feet 17 4 77 2 55
2711 Jeff-Dawnis 2,500 feet 54 90 2 50
Van Ness - UDC ~ Van Ness Station 100 feet 211 728 52
Intelsat 300 feet 279 68 4 38
Silver Spring Twin Towers 900 feet 36 4 523 114
Georgian Towers 1,400 feet 347 431 08

"Other” consists of the bus, walking, and other forms of access

Source: JHK & Assocates (1987)
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Crystal City or Silver Spring stations The researchers found that for downtown offices, transit nder-
ship fell by 0 76 percent for each 100-foot increase in distance from a Metrorail portal, and for
offices, 0 74 percent for each 100 feet

The 1989 follow-up survey by JHK largely confirmed these 1987 findings Place of residence
was shown to be a particularly important explainer of whether office workers near Metrorail stations
patronized transit In the case of the Silver Spring Metro Center, a 150,000-square-foot office tower
200 feet from the Metrorail portal, 52 percent of workers residing in Washington, D C | rode transit
1o work, among workers living i surrounding Mongtomery County, however, Metrorail was used

by only 10 percent

Retail Projects

The results of the 1987 and 1989 JHK retail surveys paralleled those of the office surveys,
outside of downtown Washington, D C , rail ridership among shoppers decreased sharply In 1987,
at the Hecht Company flagship store located near the downtown Metro Center station, 34 percent
of surveyed customers had arrived via Metrorail, compared to only 1 1 percent at the Hecht Company
store several blocks (1,100 feet) from the Silver Spring Metrorail statton The 1989 survey did find
a surpnisingly high transit modal sphit at The Underground shopping complex at the Crystal City
Metrorail station in Alexandria, Virgirua (Just over 40 percent) 4 Transit mode share varied consider-
ably, however, depending on ume of day, from a peak of over 50 percent of mudday shoppers sur-
veyed to approximately 20 percent of evening customers Numerous downiown Washington, D C |
workers, especially government employees with jobs near the Federal Triangle, ride Metrorail 1o

The Underground for lunch, usually a 5- to 8-minute train ride away

Washington Metrorail Survey Summary

JHK and Associates (1987, p 1) concluded that "the most significant factors affecung the per-
cent of trups by transit are (1) the locauon of the site within the urban area and on the Metrorail
system, and (2) the proximuty of the building 10 2a Metrorail station entrance " The origin-destination
patterns of trips were also found to be crucial— "poor transit accessibility at either end of the trip

results in poor transit ridership between those pairs" (p 1)

4. Ridership by Proximity in Edmonton and Toronto, Canada

A second major earlier study on transst ridership by stauon proxmmuty focused on two Can-
adian systems —the Toronto subway system and the Edmonton light rail system The study, sum-
manzed 1n Stringham (1982), examined variation 1n rail modal splits as a function of distance to
statzons and modes of access for over 2,000 people erther iving or working near two suburban

stauons in each city

13



The survey found that within a radial distance of 3,000 feet from a station, rail transit modal
splits ranged from 30 to 60 percent of all work and school trips® The author esumated the "impact
zone" (the area within which people walk to the station 1n significant numbers) to extend perhaps as
far as 4,000 feet from a station  As 1n the Washington, D C, study, the transit modal split of high-
density residential development was about 30 percent higher than low-density projects at an equiva-
lent distance from a station

Aiso consistent with the Washington, D C, study, Stringham’s work found the transit modal
spht for offices located near suburban rail stations to be considerably lower than that of restdences
near the same stations, perhaps reflecting the availability of plenuful parking at the suburban bus:-
nesses surveyed

The Stringham study gives particular emphasis to how modes of access vary with distance
fromastation The author found that well over 90 percent of rail users whose origin or destination
waswithin 1,500 feetof astation walked to the statton At a distance of around 3,200 feet, bus transit
echipsed walking as the predominant mode of access At 3,700, virtually no residents or workers

walked to the station, around 15 percent reached the statton by car and the remainder arrived by bus

5. Other Work on Pedestrian Access

Untermann (1984) has conducted the most in-depth work 10 date on Americans’ walking
behavior His research shows that most people are willing to walk 500 feet, 40 percent will walk
1,000 feet, and only 10 percent will walk half a mile These figures do not specify purpose of the
walk trip, however, for more crucial trips, such as to work, the Stringham study suggests that accepta-
ble walking radut mught be farther Additionally, Untermann and others have shown that acceptable
walking distances can be stretched considerably (perhaps as much as doubled) by creating pleasant,
interesung urban spaces and corridors  This 1s perhaps reflected by the irony that many Americans
will go to great lengths to find a parking spot close to the entrance of a shopping mall, but have
no problem walking one or two miles once inside the mall Average walking distances, moreover,
are large 1n urban centers —60 percent of walk trips 1n downtown Boston are over one-quarter
rmle, and the average walkmg distance tn Manhattan 1s one-third mule (Fruin, 1992)

Untermann contends a ten-minute, or 2,300-foot, walk is the maximum distance Americans
are willing to walk, while Canadians and Europeans are more apt to walk farther® Thus is consistent
with Stringham’s findings Untermann’s research also shows that transit passengers are less senst-
uve to walking distances as service frequency increases Demographics also has some bearing on
willingness to walk Research shows females, those without driving licenses, and young people
are more amenable to walking

A recent study in Houston underscores the tmportance of pedestrian amenuties as well as the

land-use environment in influencing pedestrian behavior (Cervero, 1993a) Downtown Houston has
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four umes the employment density and 23 percent more sitdewalk footage per 1,000 workers than
IUptown, a suburban activity center six miles west of downtown And compared to West Houston’s
Energy cornidor, an axsal strip along the Katy Freeway corridor dotted with office parks, downtown
Houston 1s nearly ten times as dense and averages 76 percent more sidewalks Downtown Houston
also has skywalks and such pedestrian amenites as parks, civic plazas, benches, street sculptures,
and overhangs and trees as protection from the elements  The built environment 1s also more inter-
esting downtown, consisting of an assortment of street-level shops, eateries, and storefronts Con-
versely, walking in Uptown and the Energy Corridor requires long waits at busy intersections, wad-
1ng through expansive surface parking lots, and passing undistinguishable urban spaces As a conse-
quence, walking/cycling accounts for around 30 percent of all trips (made outside of buildings) in
downtown Houston, compared to 7 percent in Uptown and only 1 9 percent in West Houston” The
research estimated that every 10 percent increase 1n pedestrian amenstes (e g, lineal feet of side-

walk, number of benches) 1s related to a 15 percent dechine in motorized trip-making

¢. Summary Evidence on Ridership and Walk Access by Distance

The various studies cited in this chapter provide a fairly consistent set of insights on how
ridership and levels of walk access vary by distance to rail transit stations Figure 2 1 merges some
of the findings from earlier work In general, 1t appears that, all else equal, ridership potential 1s
highest for developments within about one-third of 2 mile of a station, though the "impact zone,"
based on Stringham’s work, can exceed 2 half mile in radius

These studies also provide useful public policy insights A radius of 3,000 feet around a sta-
tion encompasses about 1,200 acres of land Intense development of this amount of land can yield
direct ndership and revenue benefits From their analyses, JHK & Associaies (1987, p 81) esumated
thar "a new 200,000 square foot office building in downtown will generate nearly 300,000 additional
transit trips per year, valued at approximately $500,000 in transit revenue. A similar building near a
close-in suburban statton would generate over $200,000 in transit revenues annually " This, they
estimate, would further result in a reduction of some 500,000 vehicle miles of travel within the
region Moreover, based on Washington Metrorail’s success at joint development to date, such
transit-inked development would also likely yield important lease revenue income to the transit
agency, which 1n 1990 exceeded $8 million annually for the system as a whole (Cervero et al , 1992)

Studses to date also consistently show that transit-oriented residential development has
more tmpact on ridership than office development Thus is likely attributable to abundant free
parking at most suburban office buildings and the higher ume-value of walking at the work end of a
trip Moreover, evidence shows that the onigin-destination pattern of trips 1s also crucial to winning
over commiuters to rail Residents living near rail will most likely ride transit if they work downtown,

and those working near rail will most likely commute by transit if they reside within several miles of
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Empirical Evidence on Ridership by Distance

a station The influence of land-use and parking factors on transit modal split as well as the ong-
in-destunaton patterns of trips are thought to be important factors in urban Califfornia as well, and

thus receive particular attenuon in this study

7. Research on Transit Demand and Transit-Linked Development: Macro-Scale
Analyses

In addmion to studies on the specific topic of ridership by proximity 1o rail stations, a larger

body of literature exists on the relationship between transst-supporuve land-use patterns and rider-
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ship The final two sections of this chapter summarize this research, divided 1nto two scales of
analyses macro (regional) and intermediate (activity center/neighborhood)

A semunal study on how land-use parterns and the built environment influence transit rider-
ship was carried out by Pushkarev and Zupan (1977) Based on inter-modal comparisons of transit
unut costs and inter-city comparisons of transit trip generation rates, the authors developed a set
of land use thresholds necessary to financially yusufy different types of transit investments They
found the key land-use determinants of transit demand to be the size of a downtown (in non-res:-
dental floorspace), the distance of a site to downtown, and restdential densities  To jusufy a light
ratl line, for instance, Pushkarev and Zupan concluded that mimimum resident:al densites of 9
dwelling units per acre were needed to serve a downtown with at least 20 mullion square feet of
non-residential floorspace

Another macro-level study that has received considerable attention 1n recent years ts the
work of Newman and Kentworthy (1989) Using cross-national comparisons, they found average
urban densities to have a strong tmpact on modal chotce and energy consumption Low-density
UJS cittes like Houston and Phoenix, for instance, were found to average around seven tumes as
much gasoline fuel consumption per capita as comparable-size European cittes This work has
been heavily criticized, however, notably for the lack of statstical controls that account for other
factors influencing fuel consumption, such as differences in the fuel efficiencies of U S versus

foreign fleets (Gordon and Richardson, 1989, Gomez-Ibanez, 1991)

8. Research on Transit Demand and Transit-Linked Development: Intermediate-
Scale Analyses

A number of recent studies have examined land use and transportation relatonships at a
rnore intermediate scale, focusing on specific corridors, activity centers, and neighborhoods In his
analysis of suburban acuvity centers in metropolitan Toronto, Pill (1983) found dense office and resi-
dential subcenters like North York and Scarborough to be vital in maintaining mulu-directional flows
cn the regional rad transit network Cervero (1986) documented the effects of rapid suburban
office growth on travel behavior during the 1980s, finding that most campus-style office parks with
abundant free parking averaged transit modal splits under 2 percent, a finding also confirmed by
Fulton (1986) 1n his analysis of inter-suburban commuting in the US Cervero and Landis (1992)
found dramatic changes in travel behavior when workers were relocated from a rail-served to a
non-rail-served setting transit work trip modal splits fell from 58 percent to 3 percent among
several thousand office workers who were relocated from downtown San Francisco (well-served
by BART) to three suburban campus locations (not served by BART, and poorly served by bus)

Several recent studies have enriched our understanding of how the built environments of

suburban acuvity centers influence travel behavior Hooper’s (1989) survey of six mixed-use activity
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centers across the U S found transit modal splits to be consistently below 10 percent, although
there was considerable variation across individual properties within centers  In the case of Bellevue,
Washington, for example, 37 percent of workers carpooled and 12 percent rode bus transit at an
office project which restricted and priced parking At a nearby building where parking was abun-
dant and free, only 11 percent of workers shared rides or patronized transit  In another study,
Cervero (1989) classified America’s largest suburban activity centers on the basis of size, density,
land uses, and site designs, and found that density, followed by levels of land-use mixture, were the
most important predictors of transit modal choice A more recent study by Douglas (1992) found
transit modal shares for work trips to be four times higher in downtown Washington (served by
rail) than 1in a suburban downtown (Bethesda, also served by rail), and four umes higher in sub-
urban Bethesda than in a suburban office park (Rock Springs Park, unserved by rail)

Several recent studies of subregions 1n the San Francisco Bay Area further underscore the
importance of urban densities 1n influencing travel behavior Using the Bay Area’s 33 superdistricts,
Harvey (1990) (using 1981 data) and Cerverc (1993b) (using 1990 data) both found strong negauve
exponential relationships between residential densities and the amount of vehicular travel— on
average, a doubling of densities resulted 1n 2 30 percent decline in VMT/household In another
study, Holizclaw (1990) found a simular pattern across five Bay Area communities with similar
income profiles —residents of a dense part of San Franaisco logged, on average, only one-third as
many miles on their private vehicles each year as restdents of Danwvilie, an East Bay suburb

Another line of recent empirical work conducted at the neighborhood scale has sought 1o
measure the degree to which neo-traditional communuties affect travel behavior These efforts have
been hampered, however, by the fact that most neo-traditional communities are still under construc-
tion or being planned Thus work to date has focused mainly on comparing travel behavior between
long-established traditional communities and nearby 1960s-style suburban neighborhoods A study
of Sar: Francisco Bay Area travel found a dramatc difference 1n mode choice between standard
suburban developments and traditional, pre-World War II neighborhoods with mixed uses and
moderate to high densiues (Fehrs and Peers Associates, 1992) In traditional neighborhoods, 23
percent of trips were made on foot and 22 percent were by transit. By comparison, suburban resi-
dents made only 9 percent of trips by foot and 3 percent by transit Another study 1n the Bay Area,
however, found no significant difference in the share of walk trips to retail centers among neo-
traditional versus conventional suburban neighborhoods (Handy, 1992)

A recent study 1n Montgomery County, Maryland provides the best insights to date on the
travel characienstics of tradinonal neighborhoods thar are served directly by rail transit (MNCPPC,
1992) The authors compared transit modal sphits between three transit-oriented traditional
neighborhoods (served by the B&O commuter railroad or a trolley line) and three nearby newer

neighborhoods with a branching sysiem of streets designed for auto access The study found that
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residents of the transit-oriented communities patronized transit berween 10 percent and 45
percent more than residents of nearby auto-oriented neighborhoods

To conclude, research on the influence of land uses on transit ridership has been carried
at varying scales and textures of analyses Much of the evidence to date is consistents, revealing a
fair amount of elasticity berween transit riddership and such factors as proximity and density The

research that follows aims to butld upon this body of evidence

Notes

‘Regular customers were defined as those riding BART to work at least four times per week Among
surveyed residents, 43 percent said they commuted by BART at least once a week

The transit commute modal splits greatly exceeded those of the respective cities as a whole Pleasant Hill —
10 2 percent, Union City —6 7 percent, Fremont —4 5 percent, and South Hayward —7 8 percent

3The surveyed station areas were slightly different in the 1989 survey In addition to Silver Spring and Crystal
City stations, residential developments near Ballston, Twinbrook, and Grosvenor Metrorail stations were
surveyed i 1989

“This was compared to a transit market share of only 14 percent in the original 1987 survey

*Unlike the JHK study of Washington Metrorail, this earlier work concentrated on the travel characteristics of
both aduits and school-age children within households

A mile can be walked in about 20 minutes at the brisk pace of three miles per hour, which transiates to 265
feet per minute In typical urban setungs with intersections, grades, and other pedestrian traffic, the average
pace tends to be slower

7These statisucs are based on a 1987 survey prepared by the Rice Center for Urban Mobulity Research (1987)
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Chapter Three

Study Methodology and Survey Approach

1. Introduction

To conduct 2 complete study of the travel characteristics of residents, workers, and shoppers
around urban rail stauons in Califorma, a rich database 1s needed Since no pre-existing secondary
data sources were available, primary data needed to be collected, mainly in the form of responses to
surveys sent 1o targeted populations  Sites which met mintmum threshold requirements (e g, size
and distance to stations) were imtially identified and screened Surveys were then designed, pre-
tested, revised, and admunistered to the occupants of chosen sites  Since this study also sought to
examune the relauonship berween transit ridership and the land-use characteristics of station-area
developments, data on individual buildings and sites also had to be collected

Overall, thss study is very data-intensive, as are the materials presented 1n this report  This
chapter describes the methods, approaches, and survey instruments used in carrying out this

research Many of the technical details are found 1n the endnotes of this chapter

2. Study Approach

This work seeks to understand ridership relationships for transii-focused development at
two levels (1) among indrviduals hiving, working, or shopping near stations, and (2) among sttes
near rail stations Accordingly, two scales of data collection and analyses were carried out in this
research —disaggregate (person-level) analyses, and aggregate (site-level) analyses

The disaggregate data compiled on individuals living, working, and shopping near rail sta-
tions allowed a fairly rich perspective on travel behavior and choices. With these data, both descrip-
tive/exploratory and inferenual research was carried out  The descriptive/exploratory analyses
describe rail transit users 1n terms of their socio-economuc profiles, trip purposes, and other travel
characterstics, including the geographic patterns of travel and modes of access to stanons The
inferenual analyses aim to model travel choices by predicting the degree to which such factors as
trip onigins and destinations, incomes, and parking costs influence people’s decisions 1o patronuze
rail transit

The aggregate data support the study of travel and land-use relauonships — specifically,
the link berween station-area built environments and transit usage These analyses are more
hypotheucal-deductive 1n narture, testing the extent to which higher densiues, closer proximuty,

mixed land uses, below-normal parking supplies, and other spatal and environmental attributes
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encouraged rail usage The site-level data also provides insights into the spaual dimensions of
travel, such as the degree to which ridership falls with distance away from stations

Both individual-level and site-level analyses focused on three types of land uses residental,
offices, and retail establishments For residenual projects, self-administered questionnaires were
rnailed to the tenants 1n all unuts of selected buildings For office projects, self-administered surveys
were dsstributed to employees by managers of participating companies For retail establishments,
personal interviews were conducted at store entrances or in the interior common areas of large
shopping plazas, depending on characteristics of each site

The most important consideration in the design of the data collection program was to mini-
muze response biases and errors  Although all surveys have some degree of sampling error, a careful
data collection effort can reduce the chances of obtaining biased results and distortions Two impor-
tant tactics were used 1n this regard  One was extensive pre-testing, to improve the clarity and
phrasing of questions and to edit out any suggestive or biasing quesuons Surveys of different
lengths —long, medium, and short —were designed and admunistered 1in order to evaluate how
response rates and survey completeness varied ! Where possible, those participating in the pre-test
were mnterviewed to obtain feedback on the clanity and scope of the surveys Surveys were revised to
remove ambiguities Because 1t became clear many pre-testers did not have the stamina to carefully
fill out the enure long version of the surveys, the medium-length version was eventually opted for
The second tactic used in reducing the chance of bias was to cast the survey as input mnto a general
study of transportation in each metropolitan area Defining the surveys as an instrument for study-
ing rail transit usage mught have biased modal choice responses. Thus, no direct reference was
made to BART, Sacramento Regional Transit, the San Diego trolley, or any other transit agencies
or systems 1n the survey titles, headings, or descriptions

The next several sections discuss the process followed 1n selecting sites and collecung survey

data for each land-use type Maps showing the regional Iocations of selected sites are also presented.

3. Site Selection

The two principle criteria used to select sites were.

(1) Maximum distance Sites had to hie within two-thirds mile of stations, and ideally within the
more walkable distance of one-third mile

(2) Minimum size The following thresholds were used for different land uses residential — at
least 75 dwelling unuts, office — at least 10,000 square feet or 100 employees, and retaill — at
least 400,000 square feet of commercial floorspace

Thus, the universe of this research consists of fairly large-scale developments within a reasonable
walking distance of urban rail stations in the selected metropolitan areas
Candidate sites were identified and screened through a combination of windshield surveys,

exsung databases, and discussions with local planners and transit officials Initially, a database on
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transit-based housing compiled by the National Transit Access Center (NTRAC) at the University of
California at Berkeley was used 1n idenufying possible candidates that met threshold criteria? Since
office uses were not included 1n the NTRAC databases, and to further check on whether other cand:-
date sites exasted, windshield surveys were conducted along main roads within a one-third-mile
radius of stations > Lastly, planners within each transit agency and within the local governments
of cities with urban rail stations were asked if they knew of suitable sites that met the pre-set cri-
teria Through these efforts, we were able to obtain a fairly complete listing of candidate residen-
ual, office, and retail buildings *

Among the candidate sites, the deciding factor 1n whether a site was chosen to be surveyed
was the willingness of building owners or agents to partcipate in the survey This was crucial,
especally for the office sites, 1n order to have access to residential addresses, employees, or (in the
case of the retail surveys) private premises Property-owner endorsement was also necessary 1in
order to obtain spectfic site information (such as renis, parking supply, building square footage)
And perhaps as important, owner support, in the form of a letter encouraging tenants to participate
in the survey, was viewed as necessary in order to increase the survey response rate Thus, property-
owners or their agents (property managers and leasing firms) of all candidate sites were approached
about partictpating in the survey We emphasized the fact that all survey responses would be anony-
mous and would be combined to provide summary aggregates We also emphasized the importance
of collecting such data in order to be able to shape public policy and improve regional transporta-
uon services Inall, 27 of the candidate residential sites and 18 of the candidate office sites were
chosen for the study Three retail sites near BART stations were also selected

Maps 3 1 to 3 10 depict the rail systems, stations, and general locauons of all surveyed
sites, broken down among metropolitan areas Surveyed residenual sites and nearby stauons are

shown m Maps 3 1t03 5 Surveyed office sites are shown 1n Maps 3 6to 3 10

4. Residential Surveys

The residential sites that were surveyed are listed in Table 3 1 Housing projects varied in
terms of proximuty to statior® (361 to 3,527 feet) and size (76 to 892 unuts) All of the projects
contamned rental unats, except for six sites which were condomiums®

As shown 1n Table 3 2, final response rates varied considerably, from just 5 percent in the
case of The Hamlet Apartments near BART's Bayfair station to 54 percent in case of La Mesa Village
Plaza The average response rate was 18 4 percent, while a higher response rate would have been
preferred, this was viewed as acceptable for a mailback survey and was considerably higher than the
12 6 percent response rate obtained by JHK & Associates (1989, p 48) in their most recent survey
of housing units near Washington Metrorail stations  Adjusting for vacancies among surveyed

housing unuts, the true response rate among occupied units was closer 1o 25 percent Table 3 2
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Table 3.1

Surveyed Residential Projects

Distance to No of Housing
Site Station Stavon (ft)!  Unus Type?
BART
Mission Wells Fremont 1,148 390 Apts
Verandas Apts Union Crty 1,104 380 Apts
Parkstde Apts Union City 598 210 Apts
The Foothulls Apts South Hayward 774 190 Apts
Misston Heights Apts South Hayward 2618 145 Apts
Summerhill Terrace Apts Bayfair 3,105 100 Apts
Bayfair East Bayfar 2,805 135 Apts
The Hamlet Apts Bayfair 1,050 150 Apts
Nobel Tower Apts Lake Mernitt 1,330 195 Apts
Wavstde Plaza Pleasant Hall 1,756 155 Condos
Park Regency Apts Pleasant Hill 1,568 890 Apts
CalTrain
Hidisdale Garden Apts Hulisdale 2,175 695 Apts
Grosvenor Park Condos San Mateo 1,789 145 Condos
Northpark Apts Broadway 1,155 510 Apts
Palo Alto Condos Palo Alto 1,511 85 Condos
Santa Clara County Light Rail
Bella Vista Apts Lick Mull 3,527 400 Apts
Stonegate Condos Tanmuen 1,330 85 Condos
Willow Glen Creek Condos Tamien 1,759 135 Condos
Park Almaden Condos Almaden S87 590 Condos
Sacramento Light Ral
Woodlake Close Apts Royal Qaks 1,730 75 Apts
Qakeree Apts Tiber 476 145 Apts
Woodlake Village Apts Power Inn 2,925 650 Apts
Windsor Ridge Apts Butterfield 1,322 110 Apts
San Diego Trollev
Villages of La Mesa Amaya Dr 598 385 Apts
Park Grossmont Amaya Dr 2,643 160 Apts
La Mesa Village Plaza La Mesa Blvd 316 90 Condos
Spring Hill Apts Spring St 845 95 Apts

MThus 1s measured walkang distance by the shortest path from the center of the residenual complex to the nearest ucket
machuwne of the nearest transit station

2Apts = rental apanments, Condos = owner-occupied condomimums
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BART

Verandas Apts
Wayside Piaza

Park Regency Apts
Mission Wells
Summerhui Terrace Apts
Nobel Tower Apts
Bayfair East

The Haralet Apts
The Foothulls Apts
Massion Heights Apts
Parkside Apts

CalTrain

Hillsdale Garden Apts
Grosvenor Park Condos
Northpark Apts

Palo Alto Condos

Santa Clara Countv Light Rail

Bella Vista Apts
Stonegate Condos

Willow Glen Creek Condos

Park Almaden Condos

Sacramento Light Raud
Woodlake Close Apts
Windsor Ridge Apts
Woodlake Village Apts
Oazktree Apts

San Diego Trollev

Spring Hill Apts

La Mesa Village Plaza
Villages of La Mesa
Park Grossmont

27-Site Toral

Table 3.2

Residential Site Response Rates

No of Questonnaires

Sent Percent Cover
_Station _ Qut! Returned Returned Letter?
Un:ion City 201 37 18 N
Pleasant Hull 131 63 48 Y
Pleasant Hill 291 41 14 N
Fremont 218 44 20 Y
Bayfair 57 6 11 N
Lake Merritt 185 17 9 Y
Bayfair 92 15 16 N
Bayfair 111 5 5 N
South Hayward 164 31 19 N
South Hayward 94 14 15 N
Union City 101 12 12 N
Hiisdale 271 72 27 Y
San Mateo 92 15 16 N
Broadway 510 30 6 Y
Palo Alto 101 20 20 Y
Lick Mill 345 107 31 Y
Tamien 75 10 13 N
Tamien 119 30 25 N
Almaden 178 27 15 N
Royal Oaks 62 99 551 Y
Butterfield 99 26 26 Y
Power Inn 551 89 16 Y
Tiber 115 12 10 N
Spring St 72 15 21 N
La Mesa Bivd 68 37 54 Y
Amaya Dr 324 78 24 Y
Amaya Dr 131 10 8 N
4,758 885 18 4%

lfn some instances, not all units were surveyed because of prior knowledge that units were vacant
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shows a general pattern that response rates were highest if a letter of endorsement was included
from the property owner or building manager

A copy of a restdenual survey is shown in Appendix A7 The survevs have four main sections
The first gathered background socio-demographic information on each respondent’s household, the
respondent, and one other household member at least 16 years old The second set of questions
elicited informanion on the travel characteristics of both the respondent and the other person for up
tothreetrips Travel informaton was requested for "main” trips on a single weekday, 1t was up to the
respondent to decide what was a main tnp The third secuon obtained information on the respon-
dent’s commute trip only (e g, fares, availability of free parking at the work site) as well as more
detailed informaunon (such as mode of station access) for respondents who commuted by rail

Lastly, informauon was gathered on respondents’ prior residence within the metropolitan area

5. Office Surveys

A stmilar survey approach was followed for office projects Table 3 3 shows that the 18 sur-
veyed office projects varied considerably 1n terms of distance to stations (50 1o 3,408 feer)® and size
of firm (75 to 3,000 employees)

For offices surveyed, it was necessary 1n all cases to first secure the approval of management
This was usually arranged through imual telephone inquiries and follow-up lerters that explained
the purpose of the survey and guaranteed confidentiabity Once management agreed to parucipate,
quesuonnaires were delivered 1o individual offices We personally visited most offices to further
explain the survey procedure and to iron out any logistical questions Also, a letter explaining the
purpose of the survey was left with the employer’s contact person In most cases, employers distribu-
ted surveys with their own cover letter Employers also typically coliected surveys Betrween one
and two weeks after surveys were delivered, we arranged to pick them up at the site  In some cases
employers mailed all responses back in bulk, and 1n other cases they had their employees mail them
back indsvidually Our primary concern was to work with the employer to make the surveying
process the least cumbersome and disrupuve as possible All office surveys were admunsstered
during the October-November 1992 and February-March 1993 peniods 1n order to avoid the
holiday period and Cabiforrua’s rainest months?®

For nine of the 18 offices surveyed, all employees were given surveys For the remairung
nune offices, a subset of employees was sampled at the request of the employer Where only a part
of the workforce was surveyed, every effort was made to ensure that surveys were representative
across the full spectrum of posiuons within the firm Table 3 4 shows the average response rate
was 22 7 percent, ranging from 4 percent to 63 percent Even though data on a small share of the

total work force was obtained for some office sites, the number of responses were adequate 1n abso-
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Table 3.3

Office Sites Surveyed

Distance to No of

Site Station Station (ft)!  Workers
BART
Ciubank Pleasant Hill 655 350
Pac Bell Montgomery St 490 550
Fremont Center Budding Fremont 1,005 300
39350 Civic Center Drive Fremont 1,475 235
Great Western Building Berkeley 50 275
CalTrain
Digital EQquipment Palo Alto 455 400
Homart South San Francisco 3,410 1,800
Mountamn View City Hall Mountain view 2,810 150
Santa Clara County Light Rad
Northpcinte Business Center Tasman 490 75
San Jose Corporate Center Metro/Airport 425 600
Koll Center Karina Court 420 1,000
Sacramento Light Rail
California Center Watt/Manlove 1,130 1,000
Mavhew Tech Center Tiber 1,870 605
Franchise Tax Board Butterfield 1,565 3,000
Dept of Conservauon 8th and K Streets 365 398
San Diego Troliey
Latham & Watkins Gaslamp 675 160
St John Knuts Iris Ave 3,200 106
Southwest Marine Bario Logan 2,080 1,200

IThis s measured watking distance by the shortest path from the entrance of the office complex to the entrance of the
nearest tcket machine of the nearest transit statton

lute terms  Even in the case of Homart near the South San Francisco CalTrain station, where the
response rate was only 4 percent, data on the travel characterisucs of 72 employees were obtatned
Appendix B shows an example of an office survey Surveys were customized for each metro-
politan area Questonnatres covered four primary areas First, they obtained background socto-
demographic and household data for each employee respondent Second, informaton was collected
on each employee’s trip to work for the day in which the survey was filled out Third, data were

collected on up 1o two midday trips made the prior work day And lastly, information on communng
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Table 3.4

Office Response Rates

No of Questonnaires

Sent Percent
Site Station Qut! Returned Retrurned
BART
Citibank Pleasant Hul 280 114 41
Pac Beli Montgomery St 80 46 58
Fremont Center Budding Fremont 300 79 26
39350 Civic Center Drive Fremont 235 124 53
Great Western Building Berkeley 270 48 18
CalTrain
Digial Equipment Palo Alto 370 56 15
Homart South San Francisco 1,800 72 4
Mountain View City Hall Mountain view 150 7 51
$anta Clara Countv Light Ray
Northpointe Business Center Tasman 75 33 44
$an Jose Corporate Center Metro/Airport 250 54 22
Koll Center Kanina Court 175 48 27
Sacramento Light Rail
Califormia Center Watt/Manlove 1,000 156 16
Mayhew Tech Center Tiber 500 95 19
Franchise Tax Board Butterfield 200 111 56
Dept of Conservation 8th and K Streets 250 115 46
San Diego Trolley
Latham & Watkins Gaslamp 160 87 54
St John Kruts Ins Ave 106 94 89
Southwest Marine Bario Logan 150 21 14
18-Site Total 6,351 1,430 225

patterns for those who worked at a different location within the past three years 1n the same
metropolitan area was compiled
6. Retail Surveys

At surveyed retail establishments, pedestrian intercept surveys were used — those walking
by were asked if they would be willing 1o answer a few quesuons on transportation  Surveys were

designed 1o be brief so as not 1o overly inconvenience shoppers Thus, only essenual data were
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gathered on trip purpose, mode of access, where people arnived from, and several demographic
variables Surveys were conducted in mid-fall (October and November) 1992, and late-winter/
earhv-spring (March and April) to avoid peak shopping periods and California’s rainy winter
months 19

ldeally, surveys would have been conducted in the most central location of each retail
complex to mimumize the possibility of selection biases However, because of management con-
cern, surveyors were instead posted at the major entrances of each site and, where possible, at

other areas of heavy traffic !

7. Site Data Collection

For carrying out site-level analvses, travel dara were aggregated to produce modal splits
and other staustics for each site  Staustics on parking supply, land area, and other physical attr;-
butes of sites were, where possible, obtained from building managers or secondary sources Informa-
uon of the walking environment berween sites and the nearest freeway (e g , the existence of con-
unuous sidewalks) was gathered in the field Chapter Seven discusses how these data were

gathered in more detail

8. Closing

This chapter described the procedures followed in collecung the kinds of data necessary to
study the ridership characterisucs of transit-focused development in California The data collec-
uon effort, to the degree possible, sought to minimize biases and to provide a representauve sample
of large-scale residenual, office, and retail complexes within walking distance of California rail

transit stanons The next three chapters present the empirical results from these surveys
Notes

!For the residenual surveys, long quesuonnaires elicited more detailed travel diary informauon —data on
up to four trips for up to three household members The medium-length survey obtained informauon on
up to three trips for up to two household members The short survey obtained informauon on up to three
trips, but only for the person completng the survey Several quesuons on travel behavior prior to residing
near a rad stauon were also asked

2See Bernick and Carroll (1991} and Bernick and Munkres (1992) for discussions of these databases

3Where possible sites were 1denufied, researchers sought to talk with an on-stte property manager or leasing
agent about the size of the project to see whether it met mimimum threshold requirements This also pro-
vided some feedback on whether property-owners at these sites might be willing to parucipate 1n the survey

4Several other factors influenced which sites were chosen  Among residental sites, only those with market-
rate housing unuts, either rental or owner-occupied, open to the general population, were considered as
possible candidates Thus, the following types of housing were not surveyed public and subsidized housing
projects, insututional housing, such 2s military quarters or university dormutortes, and specialized housing,
1e, for reurces and older Americans Among office sites, private businesses were surveyed, except for 2
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aitv government office in Mountain View and two state offices in Sacramento And among retail sites, only
large retail plazas with at least one major anchor tenant near BART rad services were surveved

5This was measured as the shortest walkable distance from the center of the project to the closest station
entrance

SAt residenual projects, establishing a contact was desirable primariy because this person could provide an
accurate list of the addresses (without names) of each of the units in the complex, and could sometimes
indicate which units were vacant The expectation that official sancuon from the management of projects
might nduce greater and more detailed survey responses form residents led us to request that, if possible,
a letter be drafted by the management to accompany our survey Twelve of the project managers or owners
obliged us 1n this respect Where property managers offered hittle or no cooperation, it often proved effecuve
to establish contact directly with property owners and developers When this failed. it was someumes possi-
ble to obtain the addresses from a direct visit to the site, then to mai the surveys in the form of a letter

Surveys were ongmnally maided to all housing units in each of the 27 projects between October and Novem-
ber 1992 Each survey was sent out 1n a small envelope which included a cover letter explaining the pur-
pose of the survey and guaranteeing responses would be treated anonomously For twelve of the surveyed
housing developments, letters of endorsement from property owners or building managers were also
included with the surveys Surveys were designed as seif-addressed, prepaid forms that could be easily
folded into letter-sized envelope-like mauings The response rate after the first round of madings was
around 12 percent In February and March 1993, a2 mailback survey was sent to all households 1n the 27
projects that did not respond to the onginal survey

Households were not surveyed during December and January, which are among the rainiest months in Cali-
fornia and also are holiday periods To obtain representative periods for studying travel choices, October,

November, February, and March were chosen Also, survey forms had a special code which allowed us to
monstor which housing units responded A number of non-responses were because units were vacant

7Quesuonnaires were customized for each area —utles and references to rail transit systems varied

®Distance to stauon was measured as door-to-door walking distance —along the shortest walkabie path
from the main entrance of the office to the main entrance of the nearest transit station

Some employers requested that surveys be carnied out at specific dates

YSurveying shoppers duning the December holiday season and rainy months could have biased modal sphi

statstics since rad transit is less likely to be used for large-volume holiday shopping or during periods of
inclement weather

12At retail survey sites 1t was necessary to establish contact with the management of the project Private firms at
two of the projects reserved the exclusive right to conduct surveys within the boundaries of the projects them-
selves Anagreement was reached with the maangement as to where and when surveying could take place
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Chapter Four

Travel Characteristics of Californians
Living Near Urban Rail Transit Stations

1. Introductiocn

This chapter summarizes findings from the survey of the 27 selected housing projects near
near rail transit stanons in Califorma  As discussed 1n the previous chapter, travel and socio-economic
data were elicited for up 1o two adult household members from each surveyed residence For each
household, travei data were requested for the "main trips” made the day before the survey was filled
out ! For the most part, stausucs presented in this chapter are summarized by combining data for

all adult respondents (up to two per household)

2. Background: Household, Demographic, and Employment Characteristics

Of the nearly 900 households for which reasonably complete survey responses were
obtained, the mean household size was 1 89, with relauvely hittle variauon across the five rail Sys-
tems studied (Table 4 1) This was considerably smaller than the 1990 weighted-average house-
hold size of 2 71 for the San Francisco-Oakland-San Jose CSA, Sacramento MSA, and San Diego

MSAs combined 2 Forrty-four percent of the surveyed station-area households had a single resident

Table 4.1

Station-Area Household Characteristics

All
Systems BART SCCTA CalTrain RT SDT
Household Size
Average 189 184 183 201 203 180
(Std Dev) G 78) (0 84) (0 69) (0 84) (074) (0 75)
No of Vehicles Available
Average 153 141 161 157 158 158
(Std Dev) 0 72) (0 70) (0 67) (083 (0 73) (0 66)

BART=Bay Area Rapid Transit

SCCTA==Santa Clara County Transit Authority, light rasi
CalTramn=CalTramn, commuter rail

RT=Sacramento Regional Transit, light rai

SDT=San Diego Trolley
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On average, surveyed residences had 1 53 vehicles? available for use by household mem-
bers (Table 4 1) This was also less than the weighted-average of 1 73 for the three merropolitan
areas Only 1 percent of the surveyed households had no vehicles available Around one-quarter
had a single vehicle and nearly one-half had rwo vehicles In general, those residing near urban
rail stanions 1n Califorma appear to have moderartely high levels of automobility

Among all adult members for which travel data were obtained; the average age was 36 7
vears (Table 4 2) Respondents’ living near CalTrain stauions were, on average, more than 17 vears
older than those living near Sacramento RT stations Around 55 percent of the respondents, more-
over, were women Women respondents were the majority across all five rail systems, 1n the case of
Sacramento RT, six of ten respondents were women Ethnically, whites made up the overwhelming
majority of respondents, parucularly so in the cases of SCCTA, CalTrain, and RT¢ Only in the case
of BART did non-whites represent more than one-third of the survey respondents Shghtly higher
shares of white residents were surveyed than the weighted-average for the three metropolitan
areas 7 Most of the surveyed sites were 1n the suburbs, however, and these percentages do closely

approximate the ethnic compositions of many suburban areas 1n the three metropolitan areas

Table 4.2

Station-Area Trip-Maker Demographic Characteristics

Al
Systems BART SCCTA CalTramn RT SDT

Age

Average 367 348 33 4 47 6 300 407

{Std Dev) (15 2) (13 2) (10 3) (18 5) (11 6) (17 8)
Percent Female 555 562 512 568 60 4 536
Ethnicity - Percent

African American 53 103 i3 24 67 27

Asian American 97 i85 90 12 79 38

Hispanic 53 53 30 95 44 56

White 78 5 653 846 845 798 885

Other 11 06 21 24 00 (1]

On average, around 85 percent of the respondents were employed either full-ume or part-
ume (Table 4 3) While unemployment rates were relatvely high 1n some stauon neighborhoods
(partcularly in the cases of CalTrain and SDT), thus 1s partly explained by the fact that some respon-
dents were unuversity students Nearly one-half of the employed respondents worked as managers
or professionals Compared to the average for the three metropolitan areas, there were relauvely

large numbers of managers, professionals, and service workers living near rail stations and relauvely
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Table 4.3

Station-Area Trip-Maker Employment Characteristics

All
Svstems BART SCCTA CalTrain RT. SDT

Employment Status -- Percent

Full-Time Employed 736 820 868 639 58 2 642

Part-Time Employed 120 67 72 93 290 145

Unemployed 14 4 113 60 268 128 212
Occupanons -- Percent

Manager/Professional 481 499 654 400 348 406

Clerical/Accounting 214 217 177 290 208 255

Sales/Services 105 95 72 103 180 92

Other 200 188 97 207 26 4 247
Annual Salary -- Percent

0-$20,000 259 216 104 232 510 312

$20,000-$40,000 402 41 4 306 42 4 386 494

$40,000-860,000 24 4 307 375 205 88 138

$60,000-$80,000 67 51 155 46 16 32

> $80,000 34 12 60 93 00 24

small numbers of clerks, secretaries, and laborers # In the case of SCCTA, nearly two-thirds were
managers or professionals, this reflects the large share of engineers and other professionals
employed in the semiconductor and computer industries in northern Santa Clara County (Stlicon
Valley), which 1s directly served by the light raif system. CalTrain averaged relauvely large shares
of station-area residents who are secretaries, clerical workers, and accountants while RT had a
comparauvely large share of sales, services, and other® workers.

Annual salaries varied considerably among station-area restdents across the five urban rail
systems (Table 4 3) The med:an salary ranges, broken down by rail system, were Sacramento RT
—$15-20,000, San Diego Transit —$20-25,000, BART and CalTrain — $30-40,000, and SCCRT —
$40-50,000. The relauvely low salaries of RT’s stauon-area residents corresponds with their high
shares of service and sales workers, while SCCTA’s relatively high salaries corresponds to the high

shares of management and professional workers residing near its stations
3. Trip Characteristics of Station-Area Residents

Modal Splits

Of the over 2,500 "main trips” for which survey data were obtained, 15 percent of the trips
were by rail transit (Table 4 4) Modal splits varied widely by system, however In the case of BART,

over one-quarter of the main trips taken by station-area residents were by rail transit, whereas for
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Table 4.4

Modal Splits for All Trips by Station-Area Residents

All
Svstems BART SCCTA CalTrain RT. SDT
Percent of Trips by
Drive Car 730 644 848 699 727 765
Rude Car 50 21 44 58 68 93
Rail Transit 150 268 67 97 120 115
Bus 22 28 04 52 32 05
Walk 27 32 07 72 16 19
Bike 07 01 12 06 03 14
Other 13 06 17 17 00 25
No of cases 2,560 707 569 370 449 375

SCCTA, rail’s market share was less than 7 percent  Overall, those residing near California’s rail sta-
uons appear to be fairly auto-dependent —over three-quarters relied on z car, esther as the driver
or a passenger, for theirr main trips  Most of the remaining modes, like bus transit, walking, and
cyching, accounted for 2 small share of total trips The remainder of this chapter concentrates on
idenufying those factors which are most closely associated with rail usage by station-area residents
The wide vaniauon 1n rail transit usage suggests a number of factors, like vehicle availabtlity and
trip desunauon, might explain mode choices among statnon-area residents in Californua

The modal splits of individual resitdenu:al projects (for all trips and work trips) are summa-
rized in Tables A4 1 to A4 5 in the Appendix for the five rail systems The highest rail modal split
—-78 6 percent of all trips and 86 4 percent of work trips — was found for the Oaktree apartment
complex in Sacramento Other stauon-area residenual projects with relatuvely high ra:l modal

splits (for all tnips) were

* BART Wayside Apartments, Pleasant Hill —45 0%

The Hamlet Apartments, San Leandro —35 7%
Park Regency Apartments, Pleasant Hill —31 5%

* SCCTA Bella Visa Apartments, San Jose —20 0%

* CalTrain  Northpark Aparntments, Burhingame —27 0%

*SDT Spring Hill Apartments, San Diego —35 1%

Overall, rail modal splits were found to be fairly high for the surveyed residential projects
when compared to citywide and regional averages from the 1990 journey-to-work censuses For
instance, urtban rail transit accounted for 5 0 percent of 1990 work trips made by residents of the
three counues (San Francisco, Alameda, and Contra Costa) within the BART service district, 10011

for the surveyed restdents living near BART stations, rail transit was used for 32 1 percent of work
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trips —more than six umes as much as the three-counry average Those residing near SCCTA stations
used light rail transit for 7 0 percent of trips, compared to the countywide 1990 average of 3 0 per-
cent for all modes of transit 12 CalTrain’s work-trip modal split for stannon-area residents was 36 6
percent, considerably above the 1 7 percent of work trips via CalTrain by all restdents of San Mateo
County And the transit modal splits for work trips by station-area residents in Sacramento and
San Diego of 18 2 and 14 2 percents greatly exceeded their respective metropolitan averages of
2 4 ana 3 3 percents 13

Overall, rail modal splits appear to be higher for these station-area housing projects than
for other residences near rail stations Table 4 5 shows the 1990 share of work trips made by rail
for all ressdences within a one-half-mile radius of a BART station 1n the three BART-served counties
The three-county total was around 18 percent — that is, fewer than one out of five of Bay Area commu-
ters bving within one-half mle of 2 BART stauon rode BART to work The share in San Francisco
was more than rwice as high as in Contra Costa County By comparison, for the 11 large-scale hous-
ing projects near BART that were surveyed in this study, 32 1 percent of work trips were by BART
Differences could be due to the fact that most occupants of the surveyed sites were renters, whereas
a much larger share of all resitdences near BART consists of single-family homes To the degree home-
owners are financially better off than renters, then differences could be due 10 income They mught
also reflect the fact that larger-scale projects tend 10 be in denser, more transit-conducive physical
environments, a topic that 1s explored in Chapter Seven

At a finer-grain level, the communuty, the strong transit orientation of station-area residents

is even more evident For the Bay Area, Table 4 6 compares the work-trip transit modal splits for

Table 4.5

Rail Modal Splits for Residences Within One-Half Mile of a
BART Station, 1990 Work Trips!

City BART Work Trips? Percent of All Work Trips
Alameda 4,621 173
Contra Costa 2,494 113
San Francisco 5,024 255
Three-County Total 12,139 178

NOTES

IThe one-half-mile radius was approximated by taking block groups wathin census wracts around every BART station in
each county

24 BART trip was interpreteted to be one designated as the category of "subway or elevated tramn” 1n the U S Census
joumey-to-worh statisucs

SOURCE: 1990 U S Census, STF-3A
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Table 4.6

Comparison of Work-Trip Transit Modal Splits Between
Bay Area Station-Area and Citywide Residents

Work-Trip Transit Modal Splhits (%) for

City Stauon-Area Residents 3 Citywide 4
BART!

Pleasant Hill 467 160

Fremont 129 27

Union City 275 38

Hayward 257 44

San Leandro 277 61

Oakland 100 61
CalTram?

San Mateo 262 28
SCCTA?

San jose 70 36

NOTES

ISmusucs presented for urban rait transit tnps only
Szzusucs presented for all transit modes combined, including both rad 2nd bus transit
3Based on survey results from 1992-93, aggregated according to city junsdiction

41990 stansucs Sources Metropolitan Transportauon Commussion (1993) and 1990 journey-to-work census statistics,
STF-3A. Ali staustics exclude workers who work at home

station-area restdents 1n the listed cities to the citywide averages from the 1990 journey-to-work
census Overall, it 1s evident that workers residing near rail stauons in California patronsze rail
transit far more than their counterparts residing farther away from stations but within the same
cary On average, residents hiing near stations were five times as likely to use rail transit to get
to work as the average worker hving in the same city, and in some cases as much as seven times
as hikely These statistics seem 1o bode favorably for the ability of concentrated residenual develop-

ment around Califorrua’s rail stations to substanually induce transit nidership.

Trip Purpose

Around 70 percent of the surveyed wnps of station-area residents were work-related —
either to or from work (Table 4 7) No other tnp purpose category exceeded 10 percent of trips
By comparison, work and work-related trips accounted for only 26 3 percent of all vehicle trips 1in
the 1950 Nauonwide Personal Transponauon Survey (NPTS) (Hu and Young, 1992) Clearly, the
trip data obtained from Califorrua station-area residents were skewed toward work trips  Since
data were ehicited only for "main trips,” survey respondents evidently viewed journeys to work as

their most important ones
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Table 4.7

Trip Purpose for All Trips by Station-Area Residents

All
Systems BART SCCTA CalTram RT SDT
Percent of Trips

To Work 426 452 450 397 381 414
Retuin Home 27 4 323 275 237 240 243
Personal Business 51 45 49 72 45 56
Meal 31 20 54 19 34 24
Shopping 48 43 56 63 38 45
Medical 17 11 11 50 09 19
Social-Recreation 64 47 54 77 83 83
Other 88 58 51 83 170 112

Trip Lengtbs, Times, and Speeds

Surveyed trips were fairly long —on average, 13 mules over a2 29-munute period, at a speed
of 25 5 mph (Table 4 8) These compare to the 1990 NPTS averages of 9 0 mules (for all trips), 19 7
munutes (for work trips only), and 27 4 mph (for work trips) The longest (and fastest) trips were
tzaken by those residing near BART statuions while the shortest (and slowest) trips were made by
those Living near Sacramento RT stations Travel performance varied little by trip purpose (though
work trips tended to be longer and slower) and considerably by mode of transportation  On average,
raif trips were 25 percent longer and, in terms of door-to-door travel ume, 65 percent slower than

trips made by automobile

Table 4.8

Trip Length, Times, and Speeds for All Trips by Station-Area Residents

All
Systems BART SCCTA CalTrain RT SDT

Trip Length (Mues)

Average 130 194 59 122 84 108

(Std Dev) (119) (139) (10 0) (11 8) @81 87)
Trip Time (Minutes)

Average 289 374 241 277 221 267

(Std Dev) (18 6) (19 5) (17 4) (19 2) (14 0) (15 8)
Trip Speed (mph)

Average 255 28 4 248 243 239 240

(Std Dev) (16 4) (19 3) (14 1) (15 6) (16 3) a3
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Time of Day

Around 56 percent of the sampled trips took place during the peak hours of 6-9 am and 3-
6 pm (Figures 4 1 and 4 2) Stauon-area residents riding rail transit tended to travel during peak
periods more than residents traveling by erther automobile or bus (Figures 4 3 and 4 4) The high
degree of peakedness reflects the fact that a majornity of the surveyed trips were for work purposes
Figure 4 4 also shows that relauvely high shares of trips made by foot ook place during the mud-
day and afternoon

The time of day of trips varied the most by trip purpose (Figure 4 5) Work trips were made
mawnly during the peak while personal business was primarily a midday affair Shopping trips
occurred matnly 1n the afternoon and evenings, and social-recreanional trips steadily increased as
the day wore on

No sigruficant differences were found in the temporal pattern of trips by those station-area
residents who have staggered work schedules or flex-time privileges versus those who do not For
work trips, however, the temporal distnbution of trips was relauvely flat (less peaked) for those

with flexible work hours

Spatial Patterns

Maps 4 1 and 4 2 compare the city-by-city onigin-destinauon partterns for all surveved trips

made by station-area residents by rail transit versus automobile 1n the Bay Area Rail usage clearly
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matches the same corridors served by BART, CalTrain, and SCCTA Cross-Bav rail travel berween
San Francisco and the East Bay 1s paruculariy dominant  Other significant corridors of rail travel are
berween central-and-southern Alameda Counrty, San Francisco, and Qakland/Berkelev, and berween
San Jose and the Silicon Valley In contrast, Map 4 2 shows thart origin-destinauon patterns for auto-
mobile trips made by statton-area residents are far more dispersed The linkage berween San Fran-
cisco and the Eastand South Bay areas are far weaker [tis clear that rail transit’s spaual market in the
Bay Area differs considerably from 1ts chief compettor, the automobile To the degree trips are
berween major centers along major rail corridors, then significant numbers of station-area restdents

will opt for rail travel To virtually any other destinauons, automobile becomes the mode of choice

Commute Trip Cost Characteristics

The surveys also elicited information on the direct, out-of-pocket cost of work trips made
by statton-area residents  The average two-way fare paid by stauon-area residents who commuted
by transit was $3 30, with considerable vartation among transit trips and across transit agencies
(Table 4 9) Average daily parking expenses were shightly higher — $3 60, with sigruficant varia-
uon across agencies Those residing near SCCTA stations only paid, on average, around a quarter
per day for parking (and nearly 90 percent parked free at their workplace, a prevalent practice in
the office parks scattered throughout northern Santa Clara County) By contrast, residents near
BART stations paid about 83 50 per day to park and those residing near RT and SDT stations paid
over $5 00 per day for parking These differences seem to correlate closely with transit modal

splits for work trips  workers living near SCCTA stauons pay virtually nothing for parking and

Table 4.9

Station-Area Resident Commute Trip Cost Characteristics

Respondents whose Residences are

All Survey Near a Rai Station on Following System
Respondents  BART SCCTA CalTrain RT SDT

Round-Trp Fares

Average (8) 330 352 243 381 182 518

(Std Dev) (6 66) (223) (293) (12 18) (5 03) (11.79)
Parking Cost

Average (8) 3 60 3 45 023 046 526 7 10

(Std Dev) (12 63) (9 56) (0 60) (123) {15 97) (20 68)
Tolls

Average (8) 065 080 ¢ 00 125 008 033

(Std Dev) (0 63) (G 90) (0 00) (137) (037) (0 65)
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only 7 percent commuted by rail, those living near BART, RT, and SDT stations pay, on average,
significant amounts to park and patronized rail transit for a relauvely high share of work trips—
32 1 percent, 18 2 percent, and 14 2 percent respectively

The only other significant out-of-pocket expense incurred was for tolls— on average 65
cents per dav  Sull, tolls cost considerably less than esther parking or fares paid by stauon-area
residents The highest 1olls were incurred by those living near BART and CalTrain stauons, many
of whom pay a dollar per day 1o cross the San Francisco-Oakland Bay Bridge and San Mateo-

Hayward Bridge

Transportation Policies at Station-Area Residents’ Workplaces

Infcrmation on the transportation policies at each of the surveyed statton-area residents’
workplace was also obtained As with parking and transit fares, some of the variables in Table 4 10
may help explain vanation in transit usage among those residing near California rail statons

Surprisingly, nearly one-half of the surveyed workers have some form of flex-time privileges
In: the case of SCCTA's stauion-area restdents, many of whom are professionals and engineers work-
ing in high-technology fields, almost 60 percent had flexible work schedules By comparison,

staggered work schedules were far less common, as were mudday car access (a potenual induce

Table 4.10

Transportation Policies at Station-Area Residents’ Workplaces

Respondents whose Residences are

All Survey Near a Rail Station on Following Svstemn
Respondents  BART SCCTA CalTrain RT. SDT

Percent with Flex-

Time Privileges 478 56 2 592 329 491 346
Percent with Staggered

Work Hours 141 106 200 86 179 132
Percent Provided a Car

for Midday Use 116 159 77 49 13 4 118
Percent wath Transit Allowance 152 133 121 157 205 175
Percent with free Parking 723 632 866 707 670 785
Daily Parking Costs

Average 503 5 48 130 239 425 450

(Std Dev) (4 30) 432) (10 0) (202) (1 69) (2 12)
Monthly Parking Costs

Average 48 65 59 50 50 00 23 33 4536 4571

(Std Dev) (40 59) (48 38) ¢ (17 39) (38 21) (40 04)
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ment to rnidesharing and transit usage) and transit allowances (e g , subsidized monthlv passes,
free multi-ride coupon books)

As with most Americans, the overwhelming majority of statton-area residents recerved free
parking at their workplaces This vanied considerably, however, depending upon the locauon of
the workplace For those working downtown, fewer than one out of four of stauon-area residents
recewved free parking, and in the case of those working 1n downtown San Francisco, less than 10
percent parked free As mentioned before, free parking was most prevalent in Santa Clara County

Table 4 10 shows that among the workplaces that did charge for parking, the average daily
cost was around $5 Where monthly parking fees were levied, the average was around $50 Almost
without excepuon, parking charges were exacted only in the downtowns and large subcenters of

each metropolitan area

4. Influences of Various Factors on Rail Transit Usage Among Station-Area
Residents
This secuion explores the influences of the soctodemographic, trip-making, travel costs, and
policy factors discussed in the previous sections on modal splits and, more specifically, rail usage
The insights gained in this section are used in the section that follows to build a predicuve model

of rail transit mode choice for stauon-area residents

Influence of Housebold Characteristics

Rail ridership was inversely related to the size of households near rail stations (Table 4 11)

Drive-alone auto travel, on the other hand, generally rose with household size. A far stronger predic

Table 4.11
Influence of Household Size on Modal Splits of Station-Area Residents,
All Trips
Household Size

Meodes 1 2 3 4 or more
Ratl Transit 17 7% 14.5% 10 8% 109%
Bus 2.1 19 45 18
Drove Car 746 707 753 827
Rode Car 21 72 42 27
Walk 30 29 14 19
Other oS 17 28 00
TOTAL 100 0% 100 0% 100 0% 100 0%
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tor of rail usage, however, was vehicle availability (Table 4 12) — for no-vehicle households near
rail stations, 42 3 percent of trips were made by rail transit versus only 3 5 percent of trips for house-

holds with three or more vehicles Conversely, auto travel rose sharply with vehicle availabilin

Table 4.12

Influence of Vehicle Availability on Modal Splits of Station-Area Residents,
All Trips

Number of Vehicles Available
For Use by Household Members

Modes 0 1 2 3 or more
\atl Transit 42 3% 19 1% 96% 35%
Bus 258 18 07 18
Drove Car 41 691 817 835
Rode Car 14 4 55 37 84
Walk 113 27 24 09
Other 21 18 18 19
TOTAL 100 0% 100 0% 100 0% 100 0%

Influence of Sociodemographic Factors

Among sampled trip-makers residing near rail stations, women patronized rail transit shghtly
more than men (Table 4 13) Across ethnic categories, African Americans were most dependent

on rail transit, followed by Asitan Americans

Table 4.13
Influence of Gender and Ethnicity on Modal Splits of Station-Area Residents,
All Trips
Ethnicity
Gender African Asian

Modes Females Males American American  Hispanic  White Other
Rzt Transit 15 9% 13 7% 24 4% 17 5% 9 6% 14 5% 14 8%
Bus 20 24 25 36 80 14 00
Drove Car 717 74 8 613 650 67 2 747 815
Rode Car 68 29 08 112 104 46 00
Walk 22 33 34 04 24 30 37
Other 14 28 76 22 24 18 00
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%

55



Persons 1n the 31-40 year age group utthized rail transit the most (Table 4 14) This no doubt
reflects the fact that these individuals, being in the muddle stages of the life cycle, make relauvely
hugh shares of work tnips, the trip purpose category that was most heavily represented 1n the sampie
(n general, walk trips were made more often among older trip-makers, and auto-passenger traveli

was concentrated mostly among the youngest and oldest age groups

Table 4.14

Influence of Age on Modal Splits of Station-Area Residents, All Trips

Age
Mode 0-20 21-30 31-40 41-50 50-70 > 71
Rad Transit 9 5% 12 5% 19 6% 17 5% 17 0% 63%
Bus 38 14 10 14 61 84
Drove Car 724 770 730 723 596 68 4
Rode Car 86 52 27 35 83 105
Walk 29 18 18 28 72 53
Other 28 21 18 25 18 11
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%

Those working in clerical and accounting occupations were most likely 1o patronsze rail and
those employed 1n sales and the services sector were the least (Table 4 15) In terms of mode choice,
occupation often serves as a proxy for income No strong pattern emerged berween rail transit usage
and annual salary (Table 4 16) Those in the muddle-earnings range averaged the highest rates of

1ail usage and those 1n the highest salary bracket averaged the lowest.

Table 4.15

Influence of Occupations on Modal Splits of Station-Area Residents, All Trips

Occupations
Manager/ Clertcal/ Sales/
Modes Professional Accounting Services Other
Rail Transit 15 1% 21 4% 93% 13 6%
Bus 10 10 31 36
Drove Car 761 685 788 695
Rode Car 37 66 54 43
Walk 23 15 15 50
Other 18 10 19 40
TOTAL 100 0% 100 0% 100 0% 100 0%
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Table 4.16

Influence of Salaries on Modal Splits of Station-Area Residents, All Trips

Annual Salarv
$20,000- $40,000- $60,000-
Modes 0-§20 000 $40 000 $60 000 $80 000 >$80 000
Rai Transit 12 5% 17 3% 153% 15 5% 7 9%
Bus 46 18 02 00 00
Drove Car 702 719 795 796 737
Rode Car 72 43 23 14 105
Walk 25 27 14 22 79
Other 30 20 13 63 00
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0%

Trip Purposes and Modal Splits

Different modes of travel were favored for different trip purposes among station-area resi-
dents (Table 4 17) Rail transit was relied upon most heawily for the most essenual trip— home-
based work trips  For personal business, including medical trips, rail was used by one out of ten
station-area residents For more discretionary travel, such as for shopping and social-recreational
acuvites, fewer than one out of twenty trips were by rail The private automobile accounted for at

least three quarters of trips made by station-area residents for all trip purposes

Table 4.17

Modal Splits for Different Trip Purposes of Station-Area Residents

Trip Purpose
To Work/ Personal Social/Recre-
Return Home Business  Shopping atonal Other
Rail Transit 19 0% 10 1% 41% 37% 52%
Bus 17 08 49 31 41
Drove Car 707 760 78 0 83 4 770
Rode Car 43 85 72 49 70
Walk 24 46 49 31 29
Ocher 19 XY 00 18 38
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0%
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Trip Performance, Modal Splits, and Trip Purposes*

Rail transit was relied upon most heavily by station-area residents making relauvely long trips
—on average, around 20 miles one-way! (Table 4 18) All other motorized forms of transport were
used for trips typically in the 10-12-mile range In part because of the longer distances covered, rail
trips also tended 10 take the longest —on average, around 45 minutes Travel umes varied more
significantly among modal classes than any trip-making vanable !¢ For the elapse portion of trips,
average speeds by rail transit matched those of the private automobile, bus travel, however, was

markedly slower than other motorized modes

Table 4.18

Comparison of Trip Lengths, Times, and Speeds Among Modes,
for Surveyed Station-Area Residents

Rail Drove Rode F-
Transit Bus Car Car Walk Other Stausuc Sig
Trip Length (mules)
Average 199 110 115 i16 21 85 391 000
(Std Dev) (112) (102) (104 (12.6) 63) (118)
Trip Tume (muns )
Average 44 5 388 256 251 203 26 4 650 000
(Std Dev) (161) (233) (17.1) (172 (88 (174
Trip Speed (mph)
Average 260 156 264 250 42 190 22.7 000
(Std Dev) (126) (120) (166) (198) (61) (146)

Trip performance also varied significantly by trip purposes (Table 4 19) Work trips were
the longest but also the fastest. In contrast, shop trips were the shortest and the slowest.

Influence of Workplace Transportation Policies

Several transportauon policy vaniables appear to have a strong influence on the modal splits
for work trips made by station-area residents (Table 4.20) Among workers restding near a rail sta-
tion who recerved transit allowances, 30 8 percent commuted by rail transit, among those without
allowances, only 12.5 percent did Hawving access to a mudday car also appeared to induce some
station-area residents to commute by rail transit By far the strongest influence was parking policies
—42 percent of station-area residents who paid for parking commuted via rail transit, compared

1o only 4 5 percent who received free parking
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Table 4.19

Comparison of Trip Lengths, Times, and Speeds Among Trip Purposes,
for Surveyed Station-Area Residents

To Work/ Socral/
Return  Personal Shop- Recrea- F-
Home  Business ping tional Other Statistic Sig

Tip Length (mules)

Average 137 94 64 115 87 149 000

(Std Dev) (11 4) 93 (7 8) (11 6) ¢ 4)
Trip Taime (muns )

Average 293 275 269 262 231 55 000

(Std Dev) {18 2) 197 (18 3) (19 0) (17 0)
Trip Speed

Average 270 216 189 262 218 89 000

(Std Dev) (16 4) (14 0) (16 5) (20 2) (14 2)

Table 4.20
Influence of Workplace Transportation Policies on Modal Splits
of Station-Area Residents
Staggered Flexible Recerved Have Midday Provided
Work Hours Work Hours Transit Access to Free

Percent Avajlable Avaiable Allowance Company Car Parking
of Trips by Yes No Yes No Yes No Yes DNo Yes No
Rail Trans:it 144 151 178 124 308 125 206 141 45 420
Drove Car 747 767 751 777 584 795 750 768 876 473
Other 109 82 71 99 108 80 46 91 79 107
TOTAL 1000 1000 1000 1000 1000 1000 1000 1000 1000 1000

In general, modified work schedules, like staggered work hours, were weakly associated

with modal splits There was only a shight tendency for station-area residents with flexible work

schedules 1o favor rail commuung

Influence of Trip Destination

One of the strongest determunants of whether station-area residents used rail transit was their

desunauon If they were headed to a large downtown— where parking 1s usually expensive, con-
necung highways are often congested, and rail services are the best— station-area residents were
likely 1o choose transit  For trips to smaller downtowns and regional subcenters, rail usage dropped

off markedly And for most other destinations, fewer than one of twenty trips were by rail
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Table 4 21 shows that among those living near BART statuons and heading to San Francisco,
eight out of ten trips were bv BART This compares with 26 8 percent of trips taken by raii for all
destinauons Those living near BART stauons and headed to other Bay Area urban centers well-
served by BART also relied heavily on rail access Around 62 percent of stauon-area residents
desnned to Berkeley patronized BART Interestngly. around one-third of those heading to Walnut
Creek and Pleasant Hill, both characteristicallv suburban areas, patronized BART (Thisis appreciably
above the 5 percent transit modal share that has been measured for all work trips taken to offices
near Pleasant Hill and Walnut Creek BART stauons [Cervero, 1986] ) Table 4 21 also shows that
for all destunanons other than those listed, fewer than 3 percent of trips taken by station-area resi-
dents were by BART Table A4 6, 1n the Appendix, shows that destination is an equaily important
factor 1n influencing modal splits for work trips  For work trips desuned to Oakland or Walnut

Creek/Pleasant Hill, around 40 percent of station-area residents patronized BART

Table 4.21
Modal Splits for All Trips by BART Station-Area Residents, by Destination

Destination
Walnut
Creek/ Share
San Pleas- San Fremont/ of
Fran- Oak- Berkeley/ ant  Leandro Union All All
Mode CISCO Land Albany Hiul Hayward City Other Trips
Auto 182% 478% 286% 591% 700% 809% 905% G644%
Rad 798 319 619 326 156 132 26 268
Other 20 203 95 83 144 59 69 88
TOTAL 1000% 1000% 1000% 1000% 1000% 1000% 1000% 1000%
Share of All Trips 12 6% 8 8% 27% 16 8% 20 4% 17 3% 21 4% 100%

NOTE The body of this table shows the percent of all trips to each destnauon made by each mode The
bortom row shows the percent of all trips by station-area residents destined to jurnisdictions  The
last column shows the percent of all trips by station-area residents by each mode

While rail usage was far lower for Santa Clara County residents, desunation was also an
important predictor of mode choice (Table 4.22). For station-area restdents traveling within San
Jose, nearly 15 percent patroruzed light rail transit  For those heading to Palo Alto and Stanford
University, 8 percent opted for rail travel However, for those headed to the Silicon Valley, a land
of sprawling office parks and abundant free parking, fewer than 3 percent took raif transit In con-
trast, 92 percent of stauon-area residents working tn the Silicon Valley drove alone to work (Per-
centages were fairly similar for work trips, as shown in Table A4 7, except rail was used relauvely

less for work trips to Palo Alto and Stanford Unuversity )
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Table 4.22

Modal Splits for All Trips by SCCTA Station-Area Residents, by Destination

Destination

Share

Silicon Palo Alto/ All of ail

Modes San jose Valley! Stanford Other Trips
Auto 80 6% 94 7% 88 0% 94 7% 89 2%

Rai 145 24 80 06 67

Other 49 29 40 47 41
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0%
Share of All Trips 37 3% 44 5% 45% 13 7% 100 0%

NOTE The body of this table shows the percent of all trips to each desunauon made by each mode The
bortom row shows the percent of all trips by stauon-area residents destined to jurisdicuons The
last column shows the percent of all trips by station-area residents by each mode

YSihcon Valley = Mountain View, Santa Clara, Sunnyvale

Among residents hiving near CalTrain stations, rail usage varted considerably depending on
whether they were headed to San Francisco or other destinations (Table 4 23) While only around
10 percent of all those living near stations rode CalTrain for all of their trips, among those going
to San Franasco, the share was 40 percent For work trips, 48 percent of trips by station-area res-

dents to San Francisco were by commuter rail (Table A4 8 in the Appendix)

Table 4.23
Modal Splits for All Trips by CalTrain Station-Area Residents, by Destination

Destination
San Palo

San Mateo/ Alto/ Share

Fran- Brisbane/ Redwood Menlo All of all
Mode C1SCO SFO City Park Other Trips
Auto 56 1% 82 7% 79 7% 61 2% 86 4% 75 7%
Rad 390 115 39 61 45 97
Qther 49 58 168 327 91 146
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%
Share of All Trips 115% 14 5% 48 0% 13 7% 12 3% 100 0%

NOTE The bedy of this table shows the percent of all trips to each destnation made by each mode The
bottom row shows the percent of all trips by station-area residents destined to jurisdictions  The
last column shows the percent of all trips by stauon-area residents by each mode
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In the Sacramento area, trip desunatuon was equally important (Table 4 24) Around 13 per-
cent of station-area residents traveling to Sacramento used hight rail, compared to only 3 percent
headed to all other desunations (For work trips, the difference was 18 4 percent versus 2 6 per-
cent, see Table A4 9 ) And in the San Diego region, station-area residents were most likely to nide
the trolley if their destination was within the ciry of San Diego, trips along the south line and EI
Cajon line captured smaller shares of rail trips, and travel to almost any other destinauon was almost
exclusively by some form other than rail transit (Table 4 25) (The city of San Diego was even

more dominant 1n capruring rail trips to work, as shown in Table A4 10)

Table 4.24

Modal Splits for All Trips by Sacramento RT Station-Area Residents,
by Destinations

Destination

All Share of
Mode Sacramento Other All Trips
Auto 77 0% 95 4% 85 8%
Raid 131 31 115
Other 99 15 27
TOTAL 100 0% 100 0% 100 0%
Share of All Trips 85 2% 14 8% 100 0%

NOTE The body of this table shows the percent of all trips to each destitnation made by each mode The

bottom row shows the percent of all trips by station-area residents destined to jurisdicuons The
last column shows the percent of all trips by station-area residents by each mode

Table 4.25

Modal Splits for All Trips by San Diego Trolley Station-Area Residents,
by Destination

Destination
Share
El Cajon/ Chula Vista/ All of ali
Modes San Diego La Mesa National City Other Trips
Auto 80 0% 87 8% 80.3% 98 5% 75 8%
Raul 185 83 167 08 115
Other 15 39 30 07 12.7
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0%
Share of All Trips 36 3% 57 0% 27% 4 0% 100 0%

NOTE The body of thus table shows the percent of all trips to each desunation made by each mode The
bottom row shows the percent of all trips by station-area residents destined to jurisdicions The
last column shows the percent of all trips by station-area residents by each mode
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5. Mode Choice Models for Rail Trips by Station-Area Residents

This secuon builds upon the previous one by presenting several models that predict whether
stauon-arca restdents will patronize rail transit or other modes Binomual logit models are used to
ssolate those factors which in combination do the best job of predicting which modes station-area

residents will choose Sensitivity tests are also presented

Mode Choiwce Model for Work Trips

Table 4 26 summarizes the logit model for predicung rail transit usage among all surveved
station-area residents for work trips !7 This was determined to be the "best” model on the grounds
that it had the highest pseudo R-Squared staustc and outperformed all others 1n correctly predicting
whether an observed trip was by rail transit

The strongest predictor of rail usage was whether station-area residents had free parking

al thetr workplace — rasl travel drops off precipiiously if stauon-area residents park free!® The next

Table 4.26

Binomial Logit Model for Predicting Likelihood of Station-Area Residents
Riding Rail Transit, Work Trips and All Systems

Standard
Coefficient Error Sigruficance
Free Parking® -2 467 232 000
San Francisco Dummy® 2 089 364 000
East Bay Primary Center Dummy* 0610 312 050
Vehicles Avadabled -0 725 186 000
Transit Allowance® 0815 260 002
Companv Car Access’ 0567 331 047
Constant -0 066 311 831

Summarv Statistics

Number of cases = 1,913

Chi-Square = -2 (log likelthood ratio) = 262 78, p = 0000
Pseudo-R-Squared = 1- (likelihood ratic) = 618

Percent of all cases correcdy predicted by model = 899
Percent of rad trip cases correctly predicted by model = 68 4

Notes

31 =Free parlang at workplace, O0=paid parking at workplace

b1 =8an Francisco desunation, O=other desunation

¢1=Desunzuon 1s pnmary East Bay employment center - Oakland, Berkeley, Walnut Creek or Pleasant Hull,
O=other desunation

dnumber of vehicles available for use by household members

¢1=Emplover helps pay transit expenses, 0=employer provides no assistance

{1 =Employer makes availabie company car, 0=no company car available
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strongest predictor was destination —specificaily, whether residents worked 1n San Francisco
or the large East Bay employment centers in Oakland, Berkeley, Walnut Creek, and Pleasant Hull
Relauve to all other desunations (in the Bay Area as well as in Sacramento and San Diego), stanon-
area residents heading to San Francisco were six tumes as likely to patronize rail transit and those
heading to a2 major East Bay center were twice as hikely to do so. all else being equal'®

All other vanables included in the model are also consistent with expectations Rail ridership
fell with vehicle availability —each additonal vehicle 1n the household of station-area residents
lowered the likelihood of patronizing rail transit by around 10 percent, all other factors being con-
stant 2° Two workplace policy variables also emerged as important predictors — transit allowance
and access 1o a companyv car Holding other factors constant, station-area restdents who recetved
some form of transit subsidy from thesr employer were around 15 percent more hikely to patronize
rail transit to work as their counterparts who recetved no assistance And 1if they had access to a
company car during the mudday (in case of emergencies or pressing personal business), they were
likewise more likely 1o commute by rail

Simulations were also carried out to shed additional light into these relanonships Based
on the model output, Figure 4 6 shows the sensiuwvity of rail transit usage 1o changes in the three
strongest predictors — parking policy, destinauon, and number of vehicles available?! In this figure,
the values of the other predicror variables are set to zero— e g., non-East Bay destnauon, no transit
allowance, and no access to a company car At one extreme, this graph shows that for someone
living near a Bay Area rail station who has no vehicles available, works in San Francisco, and has to
pay for parking, there 1s 88 percent likelthood they will commute via rail transit  On the other hand,
if they have three cars available, can park free at their workplace, and are destined anywhere other
than San Francisco, there is only about a 1 percent probability that they will opt for rail travel In the
more typical situation where someone had a single vehicle available, the model predicts there 1s a 24
percent chance they will commute via ra:l transit if heading to a San Francisco workplace with free
parking and a 33 percent chance if going to a2 non-San Francisco destinauon with paid parking

The fact that probabiliues drop the sharpest between paid versus free parking underscores
the importance of parking policies in influencing mode choice, even among those iving within easy
walking distance of a station and heading to 2 desunauon, like San Francisco, that 1s well-served by
transit 22 Probabilities change markedly, however, berween San Francisco and non-San Francisco
destunauons as well as free versus paid parking. Figure 4 6 also shows that the probability of rail
usage falls the fastest (e g, steepest slopes) when going from a no-car to a one-car household

A second simulauon was produced wherein the values of the other predictor variables were
set to one —workers receive a transit allowance, have access to a company car, and work 1n 2 large
East Bay urban center (or else San Francisco) Figure 4 7 shows that under these conditions, proba-

bilities consistently rise  Thus, there 1s a 98 percent probability that a station-area resident without
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car access who works for a company in San Francisco that charges for parking (and also provides a
transit voucher and allows mudday usage of a company car) will commute via rail transit  If the same
conditions hold except the resident has two vehicles available and works in Oakland instead, the
probabilitv of rail usage falls to 64 percent And if this person were to recetve free parking at his or
her Oakland workplace, the probabiliry falls to 12 percent The differential in probabilines berween
lines in the graph suggests that, all else equal, paid parking increases the likelihood of rail com-
muung by around 50 perceniage potnts Additionally, a San Francisco desunatuon increases the

cdds of rail commuung by 25 to 35 percentage points relauve to a large East Bay desunanon

Mode Choice Model for Work Trips in the Bay Area Only

Further insights into the importance of trip desunanion in shaping mode choice were gained by
Limiting the analysis 1o yust Bay Area destinations (e g , only residents living near the BART, CalTrain,

and SCCTAsystems) Table 4 27 reveals that paid parking was again the most important inducement

Table 4.27

Binomial Logit Model for Predicting Likelihood of Station-Area Residents
Riding Rail Transit in the Bay Area,
Work Trips and BART, CalTrain, and SCCTA Systems

Standard
Coefficient Error Sigruficance
Free Parking? -2 501 368 000
San Francisco Dummy® 3329 705 000
East Bay Primary Center Dummy® 1722 608 005
San Jose Dummyd 1 440 622 021
Bay Area Secondary Center Dummy*© -1 179 294 000
Vehicle Avalablef 0862 344 012
Constant -0522 692 451

Summary Statistics

INumber of cases = 976

Chi-Square = -2 (log likelihood rauo) = 240 73, p = 0000
Pseudo-R-Squared = 1- (likelihood rauo) = 360

Percent of all cases correctly predicted by model = 89 8
Percent of raul trip cases correctly predicted by model = 67 56

Notes

4] =Free parkung at workplace, 0=pad parking at workplace

b | =San Franasco destinaton, O=other desunauon

¢I=Desunauon is primary East Bay employment center —~ Oakland, Berkeley, Walnut Creek, or Pleasant Hull,
O=other desttnauon

d,=San Jose desunauon, O=other destinauon

€] =Desunauon 1s seccndary East Bay employment center ~ Fremont, Hayward, San Leandro, Unuon City,
Bnisbane or San Francisco Auport area, O=cther desttnauon

fi =humber of vehicles avalable for use by household members
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to riding rail transit among Bav Area restdents living near rail stattons  The exponenuauon of the
coefficients on the desunauon dummy variables indicate the relauve importance of different destina-
ttons Relative to all other desunauons than the ones listed in the table, station-area residents head-
ing to San Francisco for work are more than 17 umes as hikely to patronize rail, all else being equal 1f
the workplace 1s a large East Bay employment center (Oakland. Berkeley, Walnut Creek, and Pleasant
Hill), the odds of rail patronage are five umes higher than all other places than the listed desunauons,
but 70 percent less than for a San Francisco destination Secondary Bay area employment centers
like Fremont, Hayward, San Leandro, Brisbane, and the SFO (airport) area were the third most likely
draw for rail transit trips among station-area residents, followed by San Jose employment areas
Concentrating on solely BART station-area residents, Table 4 28 further substanuates the

importance of parking policies and destuinations 1n influencing rail usage For this subpopulauon,
having flextble work hours was also found to be an inducement 10 rail usage, possibly because of

the ab:lity 1o patronize BART under less crowded conditions when more seats are available

Table 4.28

Binomial Logit Model for Predicting Likelihood of BART Station-Area Residents
Riding BART, Work Trips

Standard
Cocffictent Error Signuficance
Free Parking? -2 446 268 000
San Francisco Dummy® 2857 431 000
East Bay Primary Center Dummy*® 1594 383 000
East Bay Secondary Center Dummy< 1022 433 018
Vehicle Avadable® 1239 379 001
Flexible Hours f -0 787 204 000
Constant -0 449 426 288

Summary Statistics

Number of cases = 625

Chi-Square = -2 (log likelthood rato) = 155 16, p = 0000
Pseudo-R-Squared = 1- (likelithood ratic) = 386

Percent of all cases correctly predicted by model = 859
Percent of rad trip cases correctly predicted by model = 63 2

Notes

4] =Free parking at workplace, 0=paid parking at workplace
1=San Francisco destination, ¢=other destination

¢} =Destinatton ts primary East Bay employment center - Oakland, Berkeley, Walnut Creek, or Pleasant Hill,
0=other desunauon

di =Desunauon ts secondary East Bay employment center - Fremont, Hayward, San Leandro, Union Cuty,
Basbane, or San Francisco Airport arez, 0=other destinaton

°Number of vehicles available for use by household members

f1=Has flexsble work schedule, 0=does not
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Summary

This and the previous secuon underscore the importance of two factors in inducing raif usage
among stauion-area residences —parking policies and trip destinations From a public policy
standpoint, 1t 1s clear that if concentraung residential growth around stanons 1s to have substanual
payoff, it must be accompanied by programs that pass on true costs to motorists, including parking
charges Addiuionally, transit-focused housing will not draw many people to transit if workplace
destinauons are scattered throughout 2 metropolitan area  For transit-focused housing to reap
mobihity and environmental dividends, there must also be transit-focused employment centers
This finding speaks 1o the need of encouraging concentrated employment growth around rail sta-
uons, 1n 2ddition to housing — whether 1n the form of mixed-use transit villages or separate con-
centratuons Whether such built forms are brought about through higher motoring and parking

charges or stronger regional planmng 1s a difficult political choice

6. Mode of Access to and from Rail Stations

Informarion was also compiled on how residents reached their neighborhood raif stations
and traveled berween therir exat station and ulumate desunaton Table 4 29 shows that nearly nine
out of ten rail users reached the station near their home by foot The next most common mode of
access was to drive a car, particularly in the case of Sacramento RT and SCCTA. Since all of the
stanions near the surveyed residenual projects in these areas have ample park-and-ride faciliues, 1t
appears that some residents are induced to use their automobiles to reach rail transit even when
they live within a third of a mule of a statton (Of course, some station-area residents mught rely on
automobiles because of physical impairments and the ke 23) Such rail tnps do hittle to improve air
quality since the enussion rates of short automobile trips are fairly high owing to the inefficiency

of catalyuc converters when engines are cold over the short distance traveled

Table 4.29

Distribution of Mode of Access from Home to Rail Station, All Trips

All

Systems BART SCCTA CalTrain RT SDT
Walk 87 8% 89 3% 73 7% 92 0% 78 8% 95 2%
Drove Car 88 80 105 20 212 12
Ride as Passenger 10 00 53 80 00 36
Bus 05 09 00 00 00 00
Other 19 18 105 00 00 00
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%
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Once station-area residents reach their exat statuon, Table 4 30 shows that, with the excep-
tion of the CalTrain systems, most walk to their destination Bus travel ts used as an access mode
to a far hugher degree at the desunation end of the tnip  For those traveling to San Francisco, Munt

trolleys, cable cars, and light rail vehicles are used as feeder connections as well

Table 4.30

Distribution of Mode of Access from Rail Station To Workplace, All Trips

All
Systems BART SCCTA CalTrain RT SDT
Walk 74 2% 74 5% 76 5% 40 0% 83 3% 84 2%
Bus 206 218 59 550 100 158
Rode as Passenger 20 18 59 50 00 00
Other 31 19 117 00 67 00
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%

Modes of access did vary somewhat depending upon trip purpose For all trip purposes, walk-
ing was the main mode of access At the home end of the trip, when the automobile was used for

reaching a station, 1t was predomunantly for work and personal business trips (Table 4 31) At the

Table 4.31
Influence of Trip Purpose on Mode of Access from Home to Rail Station,
All Trips
Trip Purpose
Personal Scocial/Recre-
Work Business Shopping ational Other
Walk 87 7% 90 9% 100 0% 100 0% 86 0%
Drove Car 80 91 00 00 116
Rode as Passenger 12 00 00 00 24
Other 31 00 00 go 00
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0%

exit stauion, walking again predomunated for all trip purposes, however, buses were used to reach
the final destination for around 20 percent of work and shopping trips (Table 4 32)

Lastly, the average time for accessing the nearest station from one’s home was around eight
minutes —access time was the shortest for SDT and the longest for BART (Table 4 33) Since trip

desunauons were not always near exit stations, i1t took longer, on average over 12 munutes, to reach
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Table 4.32

Influence of Trip Purpose on Mode of Access from Rail Station to Workplace,

All Trips
Trip Purpose
Personal Social/Recre-
Work Business  Shopping ational Other
Walk 73 8% 70 0% 81 2% 93 8% 69 2%
Bus 203 24 18 8 62 282
Rude as Passenger 22 100 00 00 26
Other 37 176 (4] 00 00
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0%
Table 4.33

Travel Times for Station Access, All Trips

All
Systems BART SCCTA CalTran RT SDT

Travel Time from Home
to Rad Station

Average (minutes) 819 982 939 555 622 477

(Std Dev) 9 23) (10 87) (858 (532) (5 08) (6 98)
Travel Time from Rail
Station to Workplace

Average (minutes) 1217 13 48 9 44 13 47 813 132

(Std Dev) (14 30) (16 85) (10 70) (10 27) (878) (12 87)
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%

one’s final destuination after leaving the rail station Destinations appeared much closer to Sacra-

mento RT’s exat stations than BART's

7. Changes in Commuting Behavior from Prior Residence

Changes in Mode of Travel

To gain better insights into the benefits associated with Californians residing near rail sta-
tions, data were also collected on how station-area residents usually commuted at their prior resi-
dence, if that residence was in the same metropolitan area The most significant environmental and
mobility benefits would accrue if substantial numbers of current rail commuters previously drove

alone to work (when they resided farther away from a statton) Residences near SCCTA stations
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were omutied from this analysis since Santa Clara County’s light rail system was only recently
opened, meaning relauvely few station-area residents would have been able to commute by rail
transit previously Also, changes 1n mode of travel were examined only for those whose workplace
location did not change between their former and present residence

Among current rail commuters resitding near rail stations, 28 8 percent usually drove alone
tc work at their previous residence (Table 4 34) These trips represent real societal benefits accru-
ing from the changeover to a cleaner, more energy-efficient form of transportation A larger share
of current rail commuters, however, previously rode rail— 42 5 percent And around 14 percent
previously commuted by bus Thus, a majority of current rail users previously patronized some form
of mass transit when they resided farther away from a rail staion Part of the high incidence of rail
usage among station-area residents, then, could be due to the fact they have a higher proclivity to
patromze rail transit, whether due to habit, personal taste, or happenstance Addituonally, the
decision to rent or buy a home pear a rail statton mught have been influenced by a desire to com-

mute to work by rail transint

Table 4.34

Comparison of Current Mode for Work Trip and Usual Mode at Prior Residence

Usual

Mode for Current Usual Mode to Work

Prior Drive Ride

Residence Car Lar Rad Bus Walk Other
Drove Car 82 0% 65 5% 28 8% 23 5% 40 0% 20 0%
Rode Car 20 103 39 59 00 00
Rail 93 69 425 235 133 00
Bus 26 103 137 412 200 300
Walk 32 69 46 59 200 154
Other 09 00 65 00 67 346
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%

Among current solo-commuters, 82 percent also drove alone to work every morning from
their previous restdence. And almost 10 percent previously commuted by rail transit, even though
they hived farther from a rail station

Table 4 35 provides a slightly different perspective by showing how current travel differs
fromthe past Amongthosewho previouslysolo-commuted, around three-quarters sullsolo-
commute even though they live closer to a rail stzauon Just 15 7 percent of the former solo-
commuters currently ride rail transit to work, the majority of these individuals, moreover, changed

therr workplace address, further suggesting the importance of destination as a determinant of rail
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Table 4.35

Influence of Prior Commuting Mode on Current Commuting Mode

Current Usual Mode for Prior Restdence

Usual Mode Drove Rode

Residence Car Car Rail Bus Walk Other
Drive Car 75 5% 38 5% 18 3% 11 4% 41 2% 25 6%
Ride Car 48 77 12 29 59 50
Rail 157 462 76 8 543 412 700
Bus 12 76 24 171 00 00
Walk 20 00 12 57 118 00
Other 08 60 00 86 00 00
TOTAL 100 0% 100 0% 160 0% 100 0% 100 0% 100 0%

usage among station-area residents A much larger share of former ride-sharers, however, have

switched to rail commuting —46 2 percent

Changes in Commute Distance and Time

Among those changing residences within the same metropolitan area (but retaining the same
workplace), average commute distances and travel umes increased once they moved near a rail

statzon (Table 4 36) Increases in commute time could be due to more transit commuting Increased

Table 4.36

Comparison of Former Distance and Time Between Prior and Present Residence

All
Systems BART SCCTA CalTrain RT SDT

Prior Commute Distance (Miles)

Average 13 54 16 58 14 08 15 27 9296 926

(Std Dev) (12 34) (14 78) (13 89) (9 66) (7 08) (6 08)
Current Commute Distance (Miles)!

Average 14 54 20 42 12 43 16 90 7 67 11 42

(Std Dev) (13 24) (15 96) (13 19) (11 85) (4 89) (6 05)
Prior Commute Time (Min )

Average 298 365 329 290 216 196

(Std Dev) 22 1) (24 9) (26 2) (16 4) (11 69) (12 90)
Current Commute Time (Min )!

Average 367 53 4 26 4 362 238 293

(Std Dev) (522) (80 8) (21 1) 179 19 3) (14 6)

!"These statstics differ from those in Table 4 7 because they are just for work trips and for subpopulations whose
residences changed within the same metropolitan area yet their workplaces remamed the same
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distances could reflect the decision of some residences to trade-off longer commutes for residing
in a neighborhood with good rail transit access and perhaps more affordable housing These
relationships were not uniform, however— 1n the cases of SCCTA and Sacramento RT, average

commute distances and umes fell following the move to a statton area

8. Conclusion

The analyses 1n this chapter reveal the importance of parking policies and the built environ-
ment in shaping the travel choices of those living near Californ:a’s rail stanons Station-area resi-
dents are anywhere from five to seven umes more likely to travel via rail transit than someone else
living within the same community or region If they work 1in a major urban center served by rail
transit and face daily parking expenses, the likelihood of commuting by rail increases markedly—
as high as 90 to 98 percent, depending on whether incentuives like employer-paid transit allowances
are offered If, on the other hand, they work tn a suburban office park not served by rail but well
endowed with free parking, the odds of commutung by rail falls to nearly zero This chapter further
revealed that most rail commuters access stations by foot, which bodes well for transit-based hous-
ing from an air quality standpoint  Also, around 28 percent of station-area residents who currently
commute by rail previously drove alone to work when they resided elsewhere within the same
metropolitan area Larger shares, however, previously commuted by some form of mass transit,
which suggests that the choice to move 1o a residence near a rail station might have been 1nflu-
enced by a desire to commute by rail transit

Clearly, if transit-based housing instiatives are to yield significant environmental and mobulity
benefits, they must be accompanted by other land-use measures which attract employment growth
to rail stauons as well as transportation demand management programs, like mandatory parking
charges In short, for transit-based housing to win over many former motorists, the metropolitan
structures of regions will need to more closely resemble those of places hike greater Stockholm
and Toronto —both of which have high shares of rail commuung and significant concentrations of
population and employment within walking distances of rail stations Such built forms are like
"pearls on a string,” with each pearl representing a residential, employment, or mixed-use center,
stringed together by subways Market-rate parking charges are also prevalent in these and other
large metropolises with high levels of rail usage

Whether more clustered development is socially desirable is a bigger question that cannot be
answered from this research And if it 1s, whether market-based measures like road pricing or more
centralized planning initiatives would be the best means of achieving a transit-supportive urban
form s largely a political decision What can be said from this research 1s that for transit-based
housing 10 yield significant benefits, there must also be large concentrations of employment near

rail stanons and programs which pass on true costs to motorists and parkers
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Notes

W/hat was constdered a "main trip” was up to each respondents’ own interpretation  Also, trip data were
requested for the prior day 1n order to reduce selection bias and to provide a full-day perspective on travel
behavior If the previcus day was a Saturday or Sunday, respondents were asked to provide travel data for
the last weekday they worked See the survey in Appendix A

2All of the statistics for the three metropolitan areas presented in this chapter were computed from Sum-
mary Tape File 3A for Califormia, provided by the 1990 U S Bureau of Census

5Vehicles were defined as autos, pickups, and vans, motorcycles were excluded 1n the defimtion of vehicles

4Thss totaled 1,420 —893 primary respondents (the person filling out the survey, which in most cases repre-
sented the household’s primary wage-earner) and 527 secondary respondents (tdentified as a second adult
in the household)

SRespondents represent all adults for whom travel data were provided 1n the survey returns

%These percentages, of course, reflect the ethnic compositions of station areas surveyed The relauvely high
shares of whites partly reflects the fact that the majority of station areas survyed could be characterized as
suburban

7The weighted-average ethnic composition for the three metropolitan areas in 1990 was  African Ameri-
cans —7 8 percent, Asian Americans —12 6 percent, Hispanic —4 9 percent White —71 7 percent, and
Cther —3 0 percent

#The 1990 wesghted-average breakdown for the three metropolitan areas was managers/professionals —
35 1 percent, Clerical/Accounting —16 3 percent, Sales/Services —21 5 percent, and Other —27 1 per-
cent

2Other 1s defined as craftsman, laborer, and all other occupations besides those listed in Table 4 3

10411 1990 journey-to-work census statistics for the Bay Area were obtained from the Metropolitan Trans-
portation Commussion {1993) For other areas, data were compiled from STF-1 of the US Bureau of
Census Statistics are for all work trips made by all modes, including walking and bicycling, they exclude
workers who work at home, however

Twice as many residents in these three counties —10 1 percent —commuted to work using all forms of
mass transit, ncluding bus, railroad, streetcar, ferry. and cablecar In the case of San Francisco. 34 9 per-
cent of 1990 commute trips made by its residents were by some form of mass transit

12A]1 modes of transit (which 1n Santa Clara County’s case was predomunately bus) are used since the SCCTA
light rail system did not begin operations unul 1991, one year after the census surveys were conducted

13These staustcs are for all transit modes, including bus  Source U S Bureau of Census, Summary Tape
File 3A

¥Unlike the other sub-sections, transportation mode functions as the independent variables n this sub-sec-
tion and all other vanables presented are influenced by transportation mode

1%This statistic seems rather high given the fact that the average length of work trips nattonwide was around
11 9 mules 1in 1990 (Pisarski 1992) The Bay Area averages shightly longer trips than the national average
because of the presence of a large water body in the center of the metropolis  Stll, the inflated trip length
statstic suggests that some of the respondents might have recorded two-way trip lengths, despite the fact
that one-way lengths were expressly requested Any biasing effects, however, were likely comparable
across subpopulations and modal classes, meaning the relative differences shown 1n Table 4 18 probably
sull hold

16The F-staustc is based on an Analysis of Variance comparison of trip times among modal classes

17The dependent variable, mode of travel, was coded 1 for raul transit trips and O for all other modes com-
bined Thus a simple binary analysis of mode choice was carried out  Also, models were only predicted
for work t1ips (which made up the majornity of all trips), however, the models esumated for all trip pur-
poses were almost identical to the work trip models and are thus not presented
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18Thss 1s reflected by the high coefficient for the "Free Parking” variable relatve to the other (0-1 coded)
dummy variables Also, the partial correlation between "Free Parking” and "Mode Choice” was -0 365,
which was 90 percent higher than the next highest partial correlation of 0 193 between the San Francisco
destination dummy vanable and mode choice

¥0nly thss trichotomous breakdown of destinations —San Franciso versus large East Bay centers versus all
other destinations —was statistically significant 1n terms of dummy variables

20Thss should be interpreted as increasing a probabidity by nearly 50 percent Thus, if the model predicts a
probabulity of 0 20 that someone will nde raid transit if they have a single vehicle available, if they were to
suddenly have two vehicles available, their probability, according to the model, would fall toc 0 18

2This 1s an Analysis of Covariance, where vehicle availabuity functions as the covariate and the other vanables
as the treatment variables

22pAnother way of showng this is that from the top hine of the graph (paid parking, San Francisco destination),
the free parking situation (reflected by the third hine from the top) has lower probabilities than the non-
$an Francisco situation (reflected by the second hine from the top)

23padditionally, in some areas, residents have been known to travel outbound to a terminal station 1n order to
increase the likelihood of obtaining a seat  Such behavior has been observed among residents of Walnut
Creek and Lafayette who travel to Pleasant Hill or Concord to catch BART in the morning because seats
are often taken by the time inbound tramns reach stations i these cities
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Chapter Five

Travel Characteristics of Californians
Working Near Urban Rail Transit Stations

1. Introduction

This chapter complements the previous one by analyzing the travel behavior of over 1,400
employees at the 18 surveyed workplaces located near rail stations Profiles of the sociodemogra-
phic characteristics of workers are drawn A logit model 1s then built to 1solate those factors most
strongly associated with rail usage In addition, the modes of access 1o and from offices near rail
transit stations are studied Finally, midday trips made by station-area office and factory workers

are examuned to study their relationship to commute trips and their modal compositions

2. Background: Houschold and Demographics Characteristics

The sample of workers surveyed in this study differs from a general cross-section of workers
in the regions studied To begin with, the average household among respondents was larger than
the weighted average for the three metropolitan areas (San Francisco-Oakland-San Jose CSMA, Sac-
ramento MSA, San Diego MSA) 2 81 persons per household in the survey compared to 2 71 for
the three regions The figure for the sites served by the San Diego Trolley (3 26) was constderably
higher than the weighted average, while the San Diego MSA average was exactly equal to the

sample average, 2 81 (Table 5 1)

Table 5.1

Station-Area Worker Household Characteristics

All
Systems BART SCCTA CalTramn RT SDT

Household Size

Average 281 273 27 265 278 326

(Std Dev) (142) 127) (141) (128) (133) (175)
No of Vehicles Available

Average 208 206 211 207 212 192

(Std Dev) (0 95) (0 94) (0 99) (095) (0 99) (0 82)

The average number of vehicles available to station-area workers was 2 08, which 1s considera-
bly above the weighted average of 1 73 for the three regions The ratio of vehicles to persons 1n the

household, 0 95, 1s also significantly higher than the weighted average for the three regions (0 64)
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This indicaies workers near raif stations had both a higher absolute level of auto ownership and
more vehicles per family member

The typical surveyed office worker was, on average, a female in her mid-to-late thirues
(Table 5 2) San Diego Trolley stauions had a parucularly high share of surveyed office workers

who were female, while CalTrain had nearly a 50-50 gender sphit

Table 5.2

Station-Area Worker Sociodemographic Characteristics

All
Systems BART SCCTA CalTrain RT SDT
Age
Average 373 363 359 3681 388 371
(Std Dev) ©7 (10 1) (109) 87 © 4) 90
Percent Female 629 653 56 2 50 7 64 7 717

A relatively high share of respondents worked 1n managerial or professional occupations and
arelatuvely small share worked 1n sales and services (Table 5 3) Managers and professionals accoun-
ted for 41 7 percent of all workers surveyed, compared 10 a weighted average of 35 1 percent for the
three regions Sales and service employees accounted for only 5 9 percent of surveyed workers com-
pared to 21 5 percent of the workforce in the three regions! In San Diego, over half of surveyed

workers were 1n the "other" category, consisting mainly of laborers and factory workers

Table 5.3

Station-Area Worker Employment Characteristics

All
Systems  BART SCCTA  CalTramn RT. SDT

Occupations - Percent

Manager/Professional 417 388 551 529 406 286

Clerical/Accounting 359 437 228 333 402 200

Sales/Services 59 62 125 49 61 11

Other 165 11 4 96 88 131 503
Annual Salary - Percent

$0 - $20,000 153 130 128 60 102 448

$20,000 - $40,000 449 476 421 408 528 257

$40,000 - $60,000 239 243 233 209 298 120

$60,000 - $80,000 83 80 105 160 56 60

> $80,000 76 70 113 16 4 15 115
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The median annual salary category for stauon-area workers for all five systems was $20,000
to $40,000 For the San Diego Trolley, 44 8 percent earned $20,000 or less— reflecting the large
shares of semi-skilled workers and part-uume military personnel who work at the businesses and

light manufacturing plants that were surveyed on the south line

3. Trip Characteristics of Station-Area Workers

Modal Splits for Work Trips

Over 80 percent of the respondents reached their workplace by automobile, while 8 8 per-
cent commuted by rail, 3 9 percent by bus, 1 8 percent by walking, and 2 2 percent by other modes
(including bike and taxi) 2 Among automobile commuters, 68 percent drove 2alone, 10 percent
drove a carpool, and 4 6 percent rode in a carpool or vanpoo! Among those working near a BART
station, 68 3 percent drove alone and 17 1 percent commuted by rail Thus is 1n contrast to the
average rail commuter share for the counties served by BART— Alameda, Contra Costa, and San
Francisco Counttes3 —of 5 percent It 1s more than twice the share of work trips by rail by those
working near SCCTA light rail stations (8 percent), and over five times higher than the rail share

for sites located near the San Diego Trolley (3 2 percent) (Table 5 4)

Table 5.4

Mode Splits For Station-Area Workers

All
Systems BART SCCTA CalTramn RT SBT
Percent of trips by
Dnive Car 680 683 796 732 670 558
Drive w/Others 106 63 73 83 136 174
Ride 1in Car 46 20 51 20 50 121
Rail 88 171 80 39 63 32
Bus 39 34 00 10 54 7 4
Walk 18 17 00 34 08 42
Bike 15 02 00 73 10 00
Other 67 10 00 10 08 00
No of Cases 1,421 410 137 205 479 190

On average, people working near rail stations in California were about 2 7 imes more likely
to travel to work by rail than other commuters in the same metropolitan area In the case of BART,
there is nearly three-and-a-half umes the expected ridership by people working near the rail sys-

tem The survey demonstrates that there are region-to-region differences
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Trip Lengths, Times, and Speeds

Among those working near California rail stations, the average trip to work was 14 7 mules
(Table 5 5) The commute averaged 32 2 minutes at a speed of 27 9 mph, with a high degree of
variatton The highest average speed was for those who drove alone to work 30 3 mph On aver-
age, those commuting by rail traveled at 22 4 mph and by bus at 20 8 mph, both including ttme to

aCCess ranstt Stops

Table 5.5

Trip Lengths, Times, and Speeds for all Trips by Station-Area Workers

All
Systems BART SCCTA CalTrain RT SDT

Trip Lenigth (miles)

Average 147 170 163 123 148 119

(Std Dev) (12 6) (14 6) (15 8) (11 4) (10 8) (10 1)
Trip Time (rninutes)

Average 32 4 346 353 282 318 360

(Std Dev) 227) (22 8) (213) (209) 217 (23 2)
Trip Speed (mph)

Average 279 288 290 252 28 4 269

(Std Dev) (20 4) 22 1) B4 4 (15 6) (16 9) (15 2)

Trips by rail were typically longer than those by other modes 21 9 miles compared to0 14 8
mules for drive-alone trips (13 2 mules for trips by bus) As a result of longer distances and lower
speeds, trips by rail took longer than by other modes 55 7 minutes compared to 29 minutes for
drive alone-trips Rail trips were 26 percent slower than door-to-door auto trips  This 1s considera-
bly less dramatic than the difference reported in Chapter Four In part, this reflects the higher
degree of park-and-ride access for home-to-rail trips among persons who work but may not hive
near rail, compared to those persons who live but do not necessanly work near rail and may have

to transfer to bus or walk for a considerable distance to reach their workplace

Spatial Patterns

Maps 5 1 and 5 2 compare the city-by-city onigin-destunation patterns of work trips made
by stanon-area employees by rail transit versus automobile 1n the Bay Area The high volume of
auto traffic between Fremont, San Jose, and Silicon Valley (Map 5.1) s explained by the large
numbers of employees in high-technology fields who work near BART and SCCTA stations and

who live 1n pockets of relauvely affordable housing in the South Bay By contrast, there s rela-
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uvely hittle auto commuting across the Bay Bridge to BART-served workplaces, evidently because
BART commuting 1s advantageous for such travel, as suggested in Map 5 2

Map 5 2 indicates the heawviest corridors of rail commuting to workplaces near Bay Area rail
stations are (1) central Contra Costa County to San Francisco, (2) Fremont to San Francisco and
Berkeley, and (3) Walnut Creek to Oakland By contrast, rail traffic between ciues served only by

SCCTA and CalTrain seem meager

Commute Trip Cost Characteristics

On average, station-area workers who commuted by rail transit paid $3 1n round-trip fares,
though there was considerable variation, ranging from $1 77 for RT users to $3 79 for CalTrain
commuters (Table 5 6) Tolls were incurred mainly by workers driving across the San Francisco-
Ozkland Bay Bridge For the most part, those working near rail stations enjoyed free parking or

paid nominal amounts per day

Table 5.6

Station-Area Worker Commute Trip Cost Characteristics

All
Systems BART SCCTA CalTrain RT SDT
Roundtnip Fares
Average (8) 299 331 267 379 177 n/a
(Std Dev) (1 60) (158) (2 54) (1 64) (0 58)
Parking Cost
Average ($) 025 011 n/a n/a 050 n/a
(Std Dev) (0 49) (0 30) (0 87)
Tolls
Average (8) 094 118 062 n/a n/a n/a
(Std Dev) (153) (1 64) (087)

Workplace Transportation Policies

About half the workers at sites near CalTrain and Sacramento RT statuons said their
employers offer flexible worktime privileges (Table 5 7). San Diego Trolley workers cited a much
lower incidence — 12 4 percent —far below the mean incidence (42 9 percent) Sacramento had
the highest incidence of staggered work hours— 26 3 percent, well above the mean of 16 6
percent Nearly a quarter of the workers at sites near SCCTA and CalTrain had access to a
company car for midday trips, compared to under 9 percent of BART area workers and less than 5

percent of SDT area workers
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Table 5.7

Workplace Transportation Policies

All
Systems BART SCCTA CalTrain RT SDT
Percent with flextime privileges 429 385 425 53 4 531 12 4
Percent with staggered workhours 16 6 113 16 4 132 263 52
Percent provided 4 car
for midday use 147 88 231 247 16 4 46
Percent with transit allowance 14 2 96 30 74 211 235
Percent with free parking 762 80 4 78 4 909 76 1 477
Monthly Parking Costs
Average ($) 71 13 63 00 n/a n/a 53 94 88 94
(Std Dev) (26 28) (11 31) (27 59) (16 04)

San Diego workers reported the highest incidence of employers paying for transit expen-
ses 23 5 percent San Diego workers z2lso had the lowest incidence of employer-provided free
parking (47 7 percent compared to the 76 2 percent average) Despite these two inducements to
patronize 1ail, sites located near the San Diego Trolley attracted the smallest share of trips by rail

among the sites surveyed

4. Factors Associated with Rail Ridership

As a counterpart to the analysis 1n Chapter Four, this section explores how various demogra-
phuc, trip-making, and travel cost characteristics of statton-area workers are associated with raif usage

This analysis provides background for estumatung mode-choice models for station-area workers

Influence of Housebold Characteristics

Table 5 8 shows that workers from large households are more prone to auto commuting,

whereas rail use declined as household size increased More strongly related to modal choice 1s the

Table 5.8
Influence of Housechold Size on Modal Splits of Station-Area Employees

Household Size

Modes 1 2 3 4 or more
Drive Car 68 7% 653 712 686
Drive w/Others 57 106 113 129
Ride :n Car 0s 52 26 75
Raid 128 92 99 58
Bus 43 52 18 38
Walk 47 18 04 09
Other 33 28 29 04
TOTAL 100 0% 100 0% 100 0% 100 0%
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number of vehicles available to the worker— 62 percent of those from households without a car

commuted by rail transit, compared to just 5 percent of workers 1n 3+ car households (Table 5 9)

Table 5.9
Influence of Vehicle Availability on Modal Splits of Station-Area Employees

Number of Vehicles Availabie
For Use by Household Members

Modes 0 1 2 3 or more
Drsve Car 0 0% 55 2% 71 3% 76 9%
Duve w/Others 63 126 104 92
Ride in Car 00 49 45 49
Ray 625 135 70 54
Bus 250 57 36 19
Walk 63 49 07 08
Other 00 32 25 08
TOTAL 100 0% 100 0% 100 0% 100 0%

Influence of Soctodemographbic Factors

Although male station-area workers showed a higher propensity to travel by rail than their

female counterparts, differences were not significant (Table 5 10) Nor did age have any discernibie

Table 5.10
Influence of Gender on Modal Splits of Station-Area Employees

Gender

Female Male
Drive Car 68 8% 66 7%
Drive w/Others 113 94
Ride 1n Car 59 27
Rail 78 107
Bus 38 40
Walk 16 21
Other 09 44
TOTAL 100 0% 100 0%

effect on rail ridership — for those over 20 years of age, between 8 and 10 percent commuted by rail
transit (Table 5 11) No strong patterns emerged between erther occupation or salary and workers’
commuting modes —clerical/accounting workers and muddle-income workers averaged shightly

higher rates of rail commuung (Tables 5 12 and 5 13) Low-income workers had a much stronger

tendency to rideshare relative to higher-income workers
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Table 5.11
Influence of Age on Modal Splits of Station-Area Employees

Age
Mode 0-20 21-30 31-40 41-50 50-70 > 70
Drive Car 95 2% 69 6% 67 8% 64 7% 67 0% 73 9%
Drive w/Others 48 103 105 121 118 22
Ride in Car co 50 42 46 55 65
Raul 00 84 82 100 102 87
Bus 00 33 40 43 47 43
Walk 00 17 16 24 08 43
Orher 00 17 36 19 00 00
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%

Table 5.12
Influence of Occupation on Modal Splits of Station-Area Employees

Occupations
Manager/ Clerical/ Sales/
Modes Professional Accounting Services Other
Drive Car 83 1% 69 2% 681% 59 8%
Drive w/Others 36 85 118 155
Ride 1n Car 12 31 42 104
Raul 72 109 84 52
Bus 24 27 50 52
Walk 00 17 14 36
Orher 24 38 12 04
TOTAL 100 0% 100 0% 100 0% 100 0%
Table 5.13

Influence of Annual Salary on Modal Splits of Station-Area Employees

Annual Salary
$20,000- $40,000- $60,000-

Modes 0-§20,000 $40.000 $60.000 $80.000 > $80,000
Drive Car 63 9% 69 7% 65 3% 67 5% 73 8%
Dive w/Qthers 127 106 113 11 4 39
Ride 1n Car 88 52 21 69 29
Rad 78 72 132 105 58
Bus 44 43 52 00 29
Walk 24 18 09 44 10
Other 00 12 18 52 97
TOTAL 100 0% 100 0% 100 0% 160 0% 100 0%
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Influence of Trip Length and Time

As discussed 1n Chapter Four and suggested 1n the spatual analysis in this chapter, among
station-area workers the propensity to use rail increased with trip length The average commute by
rail was 21 9 mules, longer than trips made by any other mode (Table 5 14) In any metropolitan
area, a tr1p of this length could probably not be made by auto without traveling a substanual portion
of the way on the freeway network The need to do so might be a significant deterrent to automoble
travel when there 1s a viable rail alternauve Even if rail 1s only used for the line-haul portion of the
trip, the park-and-ride alternative may be preferred over a 22-mile door-to-door trip by auto under
typical traffic conditions 1n any of California’s metropolitan areas Table 5 14 also shows that Station-
area workers who commuted by rail spent nearly twice as long reaching their workplace, explained

partly by the longer average distance and partly by the slower average speed of rail travel

Table 5.14

Comparison of Trip Lengths, Times, and Speeds Among Modes

Current Mode
Drove Drovew/ Rode
Alone Others 1nCar Rad Bus Walk Other
Trip Length {miles)
Average 148 140 150 219 132 07 11 8
(Std Dev) (12 9) ©8 (110) (146) ©7) ©6) 54)
Trip Tune (minutes)
Average 290 327 319 557 428 165 178
(Std Dev) (205) (236) (207) (214 (208 (122) (130)
Trip Speed (mph
Average 303 263 288 224 180 27 93
(Std Dev) 227) (126) (148 (100) (89 (15 (70

Influence of Workplace Transportation Policies

The various transportation policies pursued by employers had conflicting tmpacts on rail
nicdership (Table 5 15) Staggered work hours appeared to discourage rail ridershup Only 5 3 per-
cent of workers at firms which staggered work hours commuted by rail, compared to 8 8 percent
of workers at firms that did not The ability to shift one’s commute from peak period to off-peak
mught have made auto commuting more attractive

Differences were even greater where employees recetved a travel allowance— they are more
than four times as likely to take rail to work While only around one-half of station-area workers
who recetved transit allowances solo-commuted, if no such allowances were available, nearly 80

percent commuted by themselves The factor which discouraged rail use the most was the availabil-
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Table 5.15

Influence of Workplace Transportation Policies on Modal Splits
of Station-Area Employees

Staggered Flexible Recerved Provide Have Midday
Work Hours Work Hours Transit Free Access to
Avaiable Available Allowance Parking Company Car
Yes No Yes No Yes No Yes DNo Yes No
Drove Car 728% 759% 765% 743% 551% 789% 831% 502% 709% 760%
Drove w/Others 160 105 111 116 124 111 112 121 132 111
Rede 1in Car 24 29 19 35 51 24 19 57 22 29
Rail 53 88 86 81 243 58 30 256 104 79
Bus 10 89 06 11 45 03 02 30 11 09
Walk 05 04 02 06 06 04 01 i3 05 04
Other 19 07 11 07 00 10 05 20 16 08
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 1000% 100 0% 100 0% 100 0% 100 0%

1ty of free parking Only 3 percent of the workers who received free parking commuted by rail,
whereas over one-quarter of those who had 1o pay to park opted for raill commuting

Access to a company car seems to have made travel by rail more appealing 10 4 percent
with access commuted by rail compared to 7.9 percent without access The need to make mudday
trips away from the workplace does seem to be an important determunant— 11 percent of workers
commuted by rail when no midday trips were made, compared to only 6 5 percent when one mud-
day trip was made The need to make at least one midday trip for company or personal business

corresponded 1o a reduction 1n commutes by rail from 10 5 percent to 4 1 percent

Influence of Trip Origin

Persons who live in an area served by the same rail system located near their workplace are
shightly more likely to commute by rail For example, 19 3 percent of those who hived 1n areas served
by BART and who worked near BART stations commuted by BART compared to 12 8 percent of
those who worked 1n simufar settings but did not live in BART-served ciuses (Table 5 16) The high-
est incidence of BART usage was by Oakland residents who worked near a station— 43 percent

Of persons working at sites near SCCTA stations, 15 9 percent of those living in San Jose
commuted by light rail (Table 5 17) By contrast, none of those surveyed who lived 1n the Sihcon
Valley (also served by rail) used the system Of persons living i1n cities not served by SCCTA’s rail
network, only 2 5 percent rode hight rail to work

A smaller proportion of those who live and work 1n ciues served by CalTrain rode CalTrain
1o work than those who live 1n cities not served by that system (Table 5.18) At the level of aggrega-
uon for which residential data are available, there appears to be no relationship between residential
proxumity to CalTrain and ridership A simular result was found for persons working near the San
Diego trolley (Table 5 19) and Sacramento RT (Table 5 20)
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Table 5.16
Modal Splits for Work Trips by BART Area Workers, by Origin

Ongins Served by BART

Ongins Not Served by BART Others Total Share
Others Total San Served Served of
Liver- Not Not Walnut  Fran- by by work

more Antioch Served Served Qakiand Creek cisco  Havward Concord BART BART  Tnps

Drove Car 767% 833% 986% T767% 357% T727% 258% T759% T704% 739% G44% 683
Drove
w/Others 93 42 20 45 143 21 65 34 111 51 69 63

Rode Car 23 00 20 15 00 00 32 34 00 29 22 20

Rail 93 izs5 201 128 429 91 323 172 185 138 193 171

Bus 00 00 80 30 36 45 161 00 00 22 36 34

Walk Q0 00 (0X4] 00 g0 45 97 00 00 22 25 17

Other 23 00 20 15 36 00 65 00 00 00 11 12

TOTAL 1000% 1000% 1000% 1000% 1000% 1000% 1000% 1000% 1000% 1000% 1000% 1000%
Share of

Work Tnps 10 5% 59% 161% 325% G 8% 5 4% 7 6% 71% 66% 337% 676% 1000%

NOTE The body of ths table shows the percent of all trips from each ongin made by each mode The bottom row
shows the percent of all tnps by station-area workers who resided it each jurisdictnon  The last column shows the
percent of all tnps by stauon-area workers by each mode

Table 5.17
Modal Splits for Work Trips by SCCTA Area Workers, by Origin

Orngins Not Ornigins Served by SCCTA Share
Served by Silicon Total Served  of Work
SCCTA Valley San Jose By SCCTA Trips
Drove Car 83 3% 76 9% 78 3% 77 9% 79 6%
Drove w/Cthers 119 15 4 14 53 73
Rode Car 48 77 43 53 51
Rail 00 co 159 116 80
Bus 00 00 00 00 00
Walk 00 00 00 00 00
Other 00 00 00 00 00
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0%
Share of Work Trips 30 7% 19 0% 50 4% 69 3% 100 0%

NOTE The body of this table shows the percent of all tnps from each ongin made by each mode The bottom row
shows the percent of all tnps by stauon-area workers who resided in each junsdicnon The last column shows the
percent of all tnips by statton-area workers by each mode
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Table 5.18
Modal Splits for Work Trips by CalTrain Area Workers, by Origin

Onigins Not Served by CalTrain Ongins Served by CalTrain
Others Total Others Total Share
Not Not Silicon Palo San  Served by Served by of Work

Cupertinc Served Served Valley Alto Mateo CalTrain CalTrain Trps
Drove Car 579% 867% 755% 590% S588% 926% 804% 724% 732%

Drove w/Others10 5 33 61 128 59 00 125 90 83
Rode Car 5% 00 20 00 29 00 36 19 20
Raid 53 33 41 51 29 7 4 18 38 39
Bus 53 00 20 00 00 00 18 06 10
Walk 00 00 00 154 29 00 00 45 34
Other 158 67 102 77 265 00 00 77 83
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%
Share of

Work Trips  93% 146% 239% 190% 166% 132% 273% 761% 1000%

NOTE The body of this table shows the percent of all trips from each origin made by each mode The bottom row
shows the percent of all tnips by stauon-area workers who resided in each junsdicnon  The last column shows the
percent of all trips by station-arca workers by each mode

Table 5.19
Modal Splits for Work Trips by Sacramento RT Workers, by Origin

Onigins Not Served by Sacramento RT Ornigins Share
Others Total Served by of Work
Auburn Folsom Not Served Not Served Sacramento RT Trips

Drove Car 64 7% 67 4% 68 8% 67 6% 66 1% 67 0%
Drove

w/Others 235 140 125 147 124 136
Rode Car 59 54 73 62 37 50
Rai 59 109 21 69 55 63
Bus 00 08 94 39 73 54
Walk 00 00 00 00 18 08
Other 00 16 00 08 32 18
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%
Share of

Work Trips 7 1% 26 9% 20 0% 54 3% 45 5% 100 0%

NOTE The body of this table shows the percent of all tnps from each ongin made by each mode The bottom row
shows the percent of all tnps by station-area workers who resided 1n each junsdiction  The last column shows the
percent of all tnps by station-area workers by each mode
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Table 5.20

Modal Splits for Trips by San Diego Trolley Area Workers By Origin

Onigins Served By San Diego Trolley Share
Total Total Served of Work
Not Served Chula Vista La Masa SanDiego by SD Trolley Trips
Drove Car 65 0% 43 1% 55 6% 59 8% 54 3% 55 8%
Drove
w/Others 50 235 222 157 185 17 4
Rode Car 00 235 111 88 136 121
Ral 50 00 111 39 31 32
Bus 200 39 00 78 62 74
Walk 50 59 00 39 43 42
Other 00 00 00 00 00 00
TOTAL 100 ©% 100 0% 100 0% 100 0% 100 0% 100 0%
Share of
Work Trips 10 5% 26 8% 47% 53 7% 85 3% 100 0%

NOTE The body of this table shows the percent of zall trips from each ongin made by each mode The bottom row
shows the percent of all tnips by station-arez workers who resided 1n each junsdicuon  The tast column shows the
percent of all tnps by stauon-area workers by each mode

Another spatial factor influencing ridership is the proximity of the place of work to the near-
est rail transit statton  Close proximity of an employment site to a rail station corresponds to high
levels of rail use 22 percent of those who worked within 500 feet of a rail station commuted by
rail, as opposed to 3 5 percent of those who worked beyond this radius This relationship between

proximity and ndership is discussed further in Chapter Seven

5. Mode Choice Model for Rail Trips by Station-Area Workers

As in Chapter Four, a binomual logit model was estimated to idenufy which variables best
explained the decision by station-area workers to commute by rail A model of modest predictive
abilities was estimated, one that predicted non-rail commute choices quite accurately but which
could not predict rail commutes above 50 percent accuracy The best predictive model 1s summa-
rnized in Table 5 21

Based on the model results, two simulations were run to further explore the relationship
between station-area employees’ rail usage and three of the strongest predictor variables — park-
ing prices, trip ongin, and vehicle availability. Figure 5.1 represents the scenario where all other
dummy vanables (not shown in the graph) are set to zero, and Figure 5 2 is the scenario where
other dummues are set to one

Figure 5 1 shows that if a station-area employee was from a household with one vehicle for

every two household members, the likelithood she commuted by rail was 40 percent higher if she
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Table 5.21

Binomial Logit Model for Predicting the Likelihood
of Station-Area Workers Commuting by Rail Transit, All Systems

Coefficient Standard Error Significance
Vehicles per Person? -3 561 670 000
BART City Dummy® 2338 390 000
San Jose Dummy* 2301 580 000
Fiee Parking? -1 031 440 019
Household Size¢ -610 152 000
Pay Parking & Allowancef 2 394 434 000
Commute Distances 071 011 000
Parking per Employee® -471 168 005
Midday Trips* -720 261 006
Close Workplace! 2037 407 000
Constant - 174 1014 864

Number of cases = 1,140

Chi-Square = 304 49, p = 0000

Pseudo R-Squared = 0 484

Percent of all cases correctly predicted by the model 94 3 percent
Percent of rail trip cases correctly predicted by model 45 6 percent

2Number of vehicles per person per houschold

b] = Ongn 1s a aity served by BART, 0 = Ongin 1s 2 city not served by BART
€1 = Ongn 1s San Jose, 0 = otherwise

4} = Free parking at workplace, 0 = paid parking at workplace

¢Number of people in worker’s household

f] = Parking 1s not free and employer pays transit 2llowance, 0 = otherwise
EDistance traveled from home to work, mn miles

humber of parking spaces per employee at workplace

'1 = Number of mudday tnips made

1 = Workplace 1s less than 500 feet from rail station, 0 = otherwise

lived 1n a city served by BART versus in a city that 1s not  On the other hand, free parking reduced
the probability of rail commuting by 10 to 20 percent for the same employee

Figure 5 2 suggests that the likelihood a stanon-area worker who also lives in a rail-served
city commutes by rail approaches one when other conditions are favorable— such as paid parking
at 2 workplace that lies within 500 feet of the staton and the availability of a transit allowance
Transit subsidies and parking prices are shown to be of equal importance For instance, if a worker
1s from a household with one car per person, under the most favorable condition, Figure 5 2 shows
there 1s around a 98 percent chance he will commute via rail If these same conditions hold except
he no longer receives a transit allowance, the probability drops to 78 percent And if parking
becomes free at his workplace, the odds of transit commuting fall to 58 percent

Overall, these findings reveal the following

® Vehicle availability, defined in terms of vehicles per household, was the
strongest predictor of whether station-area workers commuted by rail

® Free parking discouraged rail commuting Paid parking, when combined with
an employer-provided travel allowance, encouraged rail commuting The analy-
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sis showed that a travel allowance was not significant unless 1t was comb:ined
with the absence of free parking Free parking, on the other hand, was signifi-
cant by 1tself in deterrring rail commurnng and encouraging solc commuting

® Place of origin was also a significant determinant of whether statton-area workers
commuted by rail Specifically, trips originaung 1n San Jose or any city served
by BART had a much higher chance of being made by rail transit

® Whether or not parking was free, as the supply (spaces per worker) increased
at the workplace, rail commuting fell

® Rail commuting increased with commute distance

® The need to make mudday trips, on the other hand, discouraged rail commutng
among station-area workers

® Ease of walking made a difference — commuting shares by rail was the highest
for workplaces within 500 feet of a rail station entrance

® Workers from large households were less likely to commute by ra:l, perhaps in
part because carpooling becomes more feasible in larger and multiple-earner

households
Thus, consistent with the findings from Chapter Four, parking policies and the physical envi-
ronment has a strong bearing on whether station-area workers in California commute by rail transit
From a land-use planning standpoint, greater concentrations of housing near stations, combined
with workplaces that are within easy walking distance of stations and are surrounded by mixed uses

(to sausfy midday trip-making needs), would substantially increase rail commuting in the state

Summary

For those working near Califormua rail stations, the chances of commuting by rail increase
dramatically if they also live near rail Thus, consistent with the findings of the previous chapter,
both the origin and destinauon ends of the commute trip need to be 1n reasonably close proximuty
to a stanion for there to be high levels of rail travel That 1s, transit-based workplaces require transit-
based housting if rail travel 1s to seriously compete with the private automobile When combined
with parking charges and such incentives as transit vouchers, concentrated development of both
employment centers and housing near rail stations can be expected to attract the majority of commu-

ters to the rail mode

6. Mode of Access To and From Rail Stations

For station-area workers who commuted by rail, over half drove from their home to the sta-
tion (Table 5 22) Around one out of five reached the station by foot Once they reached their des-
tnation station, the overwhelming majority of rail commuters walked to their nearby workplace,
especially 1n the case of BART (Table 5 23) The high inadence of park-and-ride access accounts
for the greater amount of ume usually spent getung from home to the origin station than from the

exat staton to the workplace (which was nearby and usually reached on foot) (Table 5 24) Clearly,
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Table 5.22

Distribution of Mode of Access from Home to Rail Station, Commute Trip

All
Systems BART SCCTA CalTrain RT SDT
Walk 19 3% 22 4% 83% 22 2% 12 1% 40 0%
Drove Car 533 539 58 3 44 4 576 200
Rode as Passenger 111 79 83 222 182 00
Bus/other 163 158 251 112 121 400
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%

Table 5.23

Distribution of Mode of Access from Rail Station to Workplace, Commute Trips

All
Systems BART SCCTA CalTrain RT SDT
Walk 85 9% 90 3% 83 6% 68 5% 87 1% 75 0%
Drove 69 56 73 65 65 00
Rode as Passenger 24 14 00 125 32 00
Bus/other 48 27 o1 125 32 250
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%

Table 5.24

Travel Times For Station Access, Commute Trips

Al
Systems  BART SCCTA CalTrain RT. SDT

Trzvel ume from Home to Rail Station

Average (minutes) 16 49 17 27 19 00 833 16 20 n/a

(Std Dev) (15 47) (11 20) (35 00) (2 89) (149)
Travel ume from Raud Station to Work

Average (minutes) 5 66 1158 225 8 43 488 n/a

(Std Dev) (6 25) (13 37) (117) (277) 691)

n/a = not ava:able
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in the absence of substantial amounts of transit-based housing, park-and-ride facilities are essential

if station-area workers are to commute by rail 1n large numbers

7. Travel Changes Over Time

Station-area workers were asked to provide information on thetr prior commute if they
changed their place of employment, within the last three years, from some other place within the
same metropolitan area that was not within walking distance of a station Of the workers who
now commute by rail (and who have not changed their residences), only 30 9 percent of those who
use rail now used it before (Table 5 25) ¢ From this, one can infer that working near a rail station

rarses the likelthood of commuting by rail by 30 or so percentage points, all else being equal

Table 5.25

Comparison of Current Mode and Usual Mode
at Prior Workplace for Those Living at Same Residence

Current Mode

Mode at Drove Drove w/

Prior Workplace alone others Rode Car Rad  Bus Walk Other
Drove 860% 714% 294% 619% 476% 167% 250%
Rode Car 18 128 471 00 o0 167 00
Rad and walk 13 26 0o 71 00 60 00
Rad and drive 66 77 00 190 00 167 250
Rad and Bus 04 26 00 48 48 6o 00
All Rad 83 129 00 309 48 167 250
Bus 04 o 00 48 381 00 00
Walk 09 26 118 6o 00 333 00
Other 26 00 118 24 26 167 500
TOTAL 100 0% 1000% 1000% 1000% 1000% 100 0% 100 0%

8. Midday Trips

In the survey, workers were asked to record trips that they made during business hours out-
sicte the building that they work in  Since those making large numbers of midday trips hikely depend
on their cars for some of these trips (especially in the suburbs), 1t 1s unlikely they would commute
by raif Only 27 7 percent of those who traveled by rail to work left their building at all for any reason
durning the course of the work day, compared to 37 7 percent of those who got to work by other
modes Oniy 4 8 percent of those who commuted by rail left the building more than once during
the day, compared to 9 percent of others And only 12 8 percent of rail commuters left their work-

place for personal or company-related business, whereas 28 6 percent of other commuters did
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Woiking near a rail stauon was not a strong inducement to use rail for middav travel Only

2 7 percent of midday trips were by rail, three-quarters were made by car (Table 5 26) Sx our of

Drove

Rode in Car
Raul and walk
Rad and drive
Rad and Bus
Bus

Walk

Other

TOTAL

Table 5.26

Mode of Midday Travel, by System

All
Systems BART
74 8% 71 9%
54 54
23 21
04 12
co 00
04 08
158 178
09 08
100 0% 100 0%

SCCTA CalTrain
82 5% 75 7%
63 35
100 07
00 00
00 co
00 0o
00 19 4
13 07
100 0% 100 0%

RT

77 2%

65
08
00
090
04
138
12

100 0%

SDT

54 5%
30
30
00
00
00
394
00

100 0%

seven midday trips made by rail were accessed by foot, the remainder were accessed by car More

trips (35 9 percent) were made for 2 meal or a snack than for any other reason, though trips made

for personal business or employer-related business combined for over half of all midday trips

(Table 5 27) Driving was the most popular means of travel for all midday trip purposes (Table

5 28) Walking accounted for 40 percent of all social and recreational trips and 39 3 percent of all

trips made for medical purposes

Business-Related
Personal Business
Meal or Snack
Shopping

Medical
Social/Recreational
Other

TOTAL

Table 5.27

Midday Trip Purpose, by System

All
Systems

31 5%
198
359
41
47
26
13

100 0%

BART

23 4%
214
419
48
48
16
20

100 0%

SCCTA

43 8%
113
250
63
63
38
38

100 0%

CalTrain

38 4%

205
301
41
27
34
07

100 0%

RT

321%

193

365
32
56
28
04

100 0%

SDT

28 6%
286
371
00
29
29
60

100 0%
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Table 5.28

Midday Modal Splits for Different Trip Purposes for Station-Area Workers

Purpose
Social/
Business- Personal Meal or Shop Recrea-
Mode Related Business Snack ping Medical tonal Other
Drove 875% 807% 621% 581% 536% 555% 667%
Rode 1n Car 39 34 89 32 36 00 00
Rai} and walk 17 28 26 32 36 00 111
Rail and drive 00 00 00 00 00 00 111
Raif and Bus (VY] 00 6o 06 00 60 00
Bus 00 00 04 32 00 00 00
Walk 47 131 260 323 393 400 00
Other 22 00 00 00 00 50 111
TOTAL 100 0% 1000% 1000% 100 0% 1000% 100 0% 100 0%

The average mudday trip was 7 5 mules long and took 22 6 munutes, one-way (Table 5 29)
Midday trips by station-area workers 1n the Sacramento area were the longest, perhaps because of
the area’s spread-out development patiern Also, midday trips made by private automobile for

business purposes were the longest and took the most time (Tables 5 30 and 5 31)

Table 5.29

One-Way Midday Trip Distance, Time, and Speed, by System

All
Systems BART SCCTA CalTramn RT SDT

Trip Length ¢mules)

Average 753 6 46 918 7 44 1197 513

(Std Dev) (16 50) (1119 (11 11) 859) (24 58) (4 60)
Trip Time (minutes)

Average 2259 1793 2072 2574 24 45 12 46

{Std Dev) (30 66) (18 73) (16 44) (44 02) (34 01) (6 39)
Trip Speed (mph)

Average 21 48 1959 257 1873 2308 2385

(5td Dev) (17 14) (18 09) (16 31) (14 02) (16 61) (25 57)
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Table 5.30
Midday Trip Characteristics by Mode

Drove Car Rode Car Rau Walk
Trip Length
Average (muiles) 10 54 699 425 053
(Std Dev) (18 12) (14 93) (4 16) (1 08)
Trip Time
Average (minutes) 2375 15 00 18 60 12 01
(Std Dev) (27 34) (21 91) (10 65) (12 79)
Trip Speed
Average (mph) 2477 24 83 16 31 3 69
(Std Dev) (16 06) (12 59) (12 54) (11 81)
Table 5.31

Midday Trip Distance, Time, and Speed for Different Purposes

Purpose
Socal/
Business- Personal Meal or Shop Recrea-
Mode Related Business Snack  pmg Medical tional
Trip Length
Average (miles) 17 68 572 309 530 1038 775
(Std Dev) (2625) (600) (353) (724) (1333) (1249)
Trip Time
Average (minutes) 37 28 1728 1190 1742 2379 2588
(Std Dev) (46 90) (1264) (1140) (1790) (1963) (2581)
Trip Speed
Average (mph) 2749 2073 1724 1682 2246 14 41
(Std Dev) (1780) (1561) (1621) (1822) (1632) (1387)

9. Conclusion.

Although, on average, the employment sites examined 1n this study produced lower rail
modal splits than the residential projects examined 1n Chapter Four, they nonetheless exceeded
the airy- and county-wide averages everywhere except 1n San Diego  Station-area workers are far
more likely to commute by rail if they also live near a rail station, receive a transit allowance, face
the prospects of paid parking, and make few mudday trips These findings suggest public policy
could play a significant role 1n allowing for the kinds of conditions that will attract significant

numbers of Californians to rail transit
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Notes

YTnese figures reflect the unique character of the work sites included in this study The disparity between
this sample and the general population s partly accounted for by the criteria used to select sites for participa-
tion in the study as discussed in chapter three These criteria should also account for differences identfied
in occupational and employment characteristics of the sample when compared to the regions 1n their entirety

ZRespondents were asked to describe theirr morning commute to work by logging their mode of travel and
various characteristics of their trip to work for the day on which they completed the survey

3Although BART does serve Daly City, which 1s in the northernmost corner of San Mateo County, it presently
serves no other part of that county

“Ir general station-area workers had higher rates of rail commuting than county-wide averages for all sys-
tems studied The 8 percent SCCTA work-trip modal split compares to 3 percent for Santa Clara County as
a whole in 1990 Even the 3 9 percent share of trips on CalTrain 1s more than twice the San Mateo County
average of 1 7 percent for rad trips  The Sacramento Regional Transit split of 6 3 percent exceeds the 2 4
percent for the City of Sacramento Only on the San Diego Trolley was there no substantial difference
between the 3 2 percent rail modal split among respondents and the 3 3 percent citywide average

5Far other ratio-scale variables like commute distance, mean values are used in these simulations In the
second simulation, it 1s infeasibie for trips to have both a San Jose onigin and an origin 1n a city served by
BART as well, so the San Jose dummy variable was set to zero, meaning the origin was a BART-served city

629 6 percent of those who took rail before they worked near rail continue to do so, indicatng that there 1s
some attracuon of raid ndership which supercedes proximity of employment to rail
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Chapter Six

Modal Access to Retail Centers Near BART Stations

1. Introduction

Transit 1s not usually viewed as a2 viable mode for shopping trips This is mainly because the
private automobile is often far more convenient for carrying merchandise and purchased goods
Automobiles also can reach all possible shopping destinations, not all suburban shopping centers,
on the other hand, are served by transit

This chapter examines the travel characteristics of shoppers and others (e g , employees) at
three large Bay Area shopping complexes located within a quarter-mile of a BART station One of
the centers studied 1s the San Francisco Centre, which is directly connected to the Powell Street sta-
tton 1n downtown San Francisco The other two surveyed centers are in the East Bay— El Cerrito
Plaza (near El Cerrito station) and Bayfair Shopping Mall (near the San Leandro station) Both are
among the largest shopping complexes outside of a Bay Area CBD, and are the largest non-down-
town centers within a quarter-mile of a BART stauon. All three shopping centers are fully or paru-

ally enclosed master-planned complexes and are served by bus transit in addition to BART

The Sites

San Francisco Shopping Centre (SFCentre) lies on the south side of Market Street in down-
town San Francisco, adjacent to BART’s busiest station — Powell Street It is the largest of the sur-
veyed shopping centers, containing nearly one million square feet of retail space The four-story
structure has two large anchor tenants and a number of specialty stores that cater to relatively
affluent customers and tourists. Only commercial-rate parking s available in the immediate area
—which can run upwards of $3 per hour

El Cernito Plaza is a large community scale shopping center with 439,000 square feet of
retail space and 2,850 free parking spaces El Cerrito has only one large department store anchor
and fronts a major arterial lined with strip commercial development To the north and west of the
center is a relauvely dense residential development (at 35 dwelling units to the acre) To the east
and south 1s single-family detached housing at 8 dwelling unuts to the acre

Bayfair is a small-scale regional shopping center, with 760,000 square feet of retail space
and 3,800 parking spaces Recently renovated, Bayfair is asurrounded mainly by small retail plazas

and strip commercial developments inaterspersed with apartment complexes
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Survey Approach

For each site, pedestrian intercept surveys were conducied Interviews were fatrly brief
(ryprcally under one minute) and were conducted at all major entrances to each center in order to
munimuze possible biases Surveys were carried out 1n early 1993 over several days, between two
and five p m To the extent possible, each person above 18 years of age who passed an inter-
viewer was approached about being surveyed People were told the survey was brief, anonymous,
and voluntary Around one 1n every two persons approached 1n SFCentre agreed to participate,
compared to around one 1n every four at Bayfair and El Cerrito  Approximately, three hundred
surveys were collected at each center In addition to informauon on how individuals reached the
shopping center, background socio-economic data were also compiled A copy of the pedestrian

intercept survey form 1s shown 1n Appendx C

2. Demographic Background

The typical person surveyed was a female 1n her early 30s (Table 6 1) The relauvely large
share of women reflects the tendency for women 1o do family shopping and their high rate of
employment in retail sales

The ethnic composition of those surveyed at the malls varied considerably Around half
were white At Bayfair, a large share of those surveyed were African Americans Additionally, a

relatively farge share of those present at SFCentre were foreign tourists, many of whom were

European
Table 6.1
Demographic Characteristics of Those Surveyed
at Three Bay Area Shopping Centers
All Centers SE Centre Bayfair El Cerrito
Age
Average 342 327 313 386
Std Dewiation) (13 6) (11 6) (127 (15 3)
Peicent Female 533 515 515 57 8
Ethnicity —Percent
African American 24 4 12 4 416 213
Asian American 14 6 169 103 16 2
Hispanic 92 88 14 4 48
White 503 603 326 56 6
Other 15 16 11 11
TOTAL 1000 100 0 1000 1060 0
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3. Comparison of Retail Centers’ Trip Characteristics
Modal Split

Around 15 percent of those surveyed arrived at the shopping center by BART, a distant second
after the automobile and only a slightly higher share than walking (Table 6 2) More people reached
the SFCentre exclusively by foot than by any other means of access SFCentre has a large potential
market of shoppers who work or restde in and around downtown It 1s surrounded by skyscrapers
filled with office workers, hotels full of tourists, and a densely populated city The setting 1s more
conducive to walking than driving  The BART and Muni train stations are directly connected to
SECentre by a subway portal Nearby parking can be quite expensive and hard to find Often those

driving must walk farther than if they had used BART or Munu to reach the SFCentre

Table 6.2

Mode of Access to Retail Centers

All Centers SECentre Bavfair El Cerrito

Percent of Trip by

Drive Car 447 175 569 640

Ride Car 107 69 151 107

Rail Trans:t! 154 208 18 8 66

Bus 73 130 44 40

Walk 16 4 318 35 122

Other 55 100 13 25
TOTAL 1000 1000 100 0 1000

Uncludes BART heavy rail and Munu light rail and cable-car services

n:=845%

The oppostte 1s true for the suburban malls, where the private automobile is the most con-
venient means of access 'Well over fifty percent of those interviewed at both Bayfair and El Cerrito
drove to the malls Nearly one out of five of Bayfair interviewees reached the mall by BART, com-
pared 1o only 6 percent of those at El Cerrito

The abundant free parking —both surrounding the malls and at the nearby BART stations
—surely accounts, 1n part, for the higher rates of auto access to El Cerrito and Bayfair Automobile
availability also explains some of the differences— only 47 percent of those at SFCentre had a

vehicle available, compared to more than 75 percent at El Cernito and Bayfair

Trip Purpose

Today’s retail centers incorporate many features of a small town center— banks, eateries,

offices, health clubs, movie theaters, and salons, among other activiies As mught be expected,
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most of those surveyed went to the retail centers primarily to shop (Table 6 3) Sull, around one-
quarter of those were at the shopping center for some other reason At the SFCentre, 12 percent
went mainly to eat At El Cerrito, around 14 percent were at the mall 1o make a banking transaction

or to meet a friend

Table 6.3

Primary Purpose of Trip to Retail Center

All Centers SF Centre El Cernito Bayfair

Percent of Trips for

Shopping 737 752 736 722

Eaung 79 121 33 79

Business 21 20 18 26

Employee 62 33 77 79

Other! 101 74 13 6 94
TOTAL 1000 1000 10600 1006 0

LOther includes banking, meeung people, hanging out with friends, and other actvities

Market Draw

Based on informauon gathered on interviewees’ places of residence, Map 6 1 shows that
SFCentre attracted people who resided throughout the Bay Area By contrast, El Cerrito and Bayfair
served more local chentele within the East Bay (Maps 6.2 and 6 3) Since rail transit 1s generally
more attractive for shop trips made over long distances (typically to purchase more costly, high-
quality apparel and other hight merchandise), 1t follows that SFCentre’s relatively high share of

BART users reflects its larger retail marketshed

Place of Origin and Distance Traveled

Another indicator of market draw is the distance between the shopping center and the last
place visited, which can also include an individual’'s home Conventional wisdom holds that the
largest shopping center has the largest regional draw Table 6 4 shows that this theory holds for the
two East Bay malls At El Cerrito, the smallest center, the majonity of visitors arrived from an ori-
girt within five miles, while at Bayfair a relauvely large share came from up to 20 mules away For
both malls, over half of those surveyed traveled directly from their restdence to the mall (Table
6 5) Bayfair had a much higher share of shoppers who dropped by en route from their offices
(mainly in San Francisco and Oakland) to home This higher capture of pass-by commuters heading

home accounts for Bayfair's large share of long-distance arrivals

105



VRSO WA —

San Francisco
Qakland/Emeryvilie

San Jose

Mountain View/Santa Clara/Sunnyvale \
Palo Altc/Atherton/East Palo Alto/Menlo Park \ S o
San Mateo/Redwood City/San Carlos/Belmont ~
South SF/Burlingame/Milibrae/San Bruno

Colma/Daly City

Paafica/Half Mocn Bay/Moss Beach/Pescadero

Campbell/Cuperuno/Los Altos/Los Gatos/Saratoga

Ben Lomond/Portola Valley/La Honda

Gilroy/Hollister/Morgan Hill

Fremont/Milpitas/Newark/Union City

Hayward/San Leandro/San Lorenzo/Castro Valley

Alameda

Berkeley/Albany/Kensington

Richmond/El Cernito/San Pablo

Orinda/Lafayette/Moraga

Livermore/Pleasanton/San Ramon/Dublin/Alame

Pleasant Hill/Walnut Creek/Pacheco

Concord/Martinez/Clayton

Pittsburg/Antioch/Brentwood/Oakley/Byron

Crockett/Hercules/Pinole/Rodeo

San Rafael/Larkspur/Tiburon/Belvedere/San Anselmo

Petaluma/Novato/Nicasio

Vallejo/Benicia

-~ 4
;0 T~
; N o -
<
1
/
7/
)
L
{
¢
[
J
f
]
!
1
1
i
1 r
1 e
E 7/
7/
1 ,
] 7
4
\\ P
- 7’
N
A%
i - — o,
N
’
\
)
’
\
L
]
\
T
Pois_ o
L\, N
v
/
~
- '
~ I
~ ~
N !
N -
? -7 N e = D
- )
\ ! P

Napa/Santa Rosa
Fairfield/Vacaville/Cordelia/Sutsun City
SCALE
1] 20 mules
t —
0
20 kem

NUMBER OF TRIPS \

Map 6.1

SFCentre’s Marketshed

106




OO0 O U B )

San Francisco
Oakland/Emeryville
San jose ;
Mountain View/Santa Clara/Sunnyvale

Palo Alto/Atherton/East Palo Alto/Menlo Park

San Mateo/Redwood City/San Carios/Beimont
South Sk/Burlingame/Millbrae/San Bruno
Colma/Daly City

Pacifica/Half Moon Bay/Moss Beach/Pescadero
Campbell/Cuperuno/l.os Altes/Los Gatos/Saratoga
Ben Lomond/Portola Valley/La Honda
Gilroy/Holhster/Morgan Hill
Fremont/Milpitas/Newark/Union City

Hayward/San Leandro/San Lorenzo/Castro Valley
Alameda

Berkeley/Albany/Kensington

Richmond/El Cerrito/San Pabio

Orinda/l afayette/Moraga

Livermore/Pleasanton/San Ramon/Dubhn/Afamo
Pleasant Hill/'Walnut Creek/Pacheco
Concord/Martnez/Clayton
Pittsburg/Antioch/Brentwood/Qakley/Byron
Crocketi/Hercules/Pinole/Rodeo

San Rafacl/Larkspur/Tiburon/Belvedere/San Anselmo
Petaluma/Novato/Nicasio

Vallejo/Bentcia

Napa/Santa Rosa

Fairfield/Vacavilie/Cordeha/Suisun City

SCALE

0 20 mrutes
L i

NUMBER OF TRIPS

Bayfair’s Marketshed

Map 6.2

107




B OWONAWVAWN —~

13

San Francisco
Oakland/Emeryville

San jose r=

Mountain View/Santa Clara/Sunnyvale Ny
Palo Alto/Atherton/East Palo Alto/Menlo Park -
San Mateo/Redwood City/San Carlos/Beimont
South SF/Buriingame/Millbrae/San Bruno
Colma/Daly City

Pacifica/Half Moon Bay/Moss Beach/Pescadero
Campbell/Cupertno/Los Altos/Los Gatos/Saratoga
Ben Lomond/Portota Valley/La Honda
Gilroy/Hollister/Morgan Hil
Fremont/Milpitas/Newark/Union City
Hayward/San Leandro/San Lorenzo/Castro Valley
Alameda

Berkeiey/Albany/Kensington

Richmond/El Cerrito/San Pabio
Orinda/Lafayette/Moraga
Livermaore/Pleasanton/San Ramon/Dublin/Alamo
Pleasant Hill/Walnut Creek/Pacheco
Concord/Marunez/Clayton
Pittsburg/Antioch/Brentwood/Oazkley/Byron
Crockert/Hercules/Pinole/Rodeo

San Rafael/Larkspur/Tiburon/Belvedere/San Anselmo
Petaluma/Novato/Nicasio

Vallejo/Benicta

Napa/Santa Rosa
Fairfield/Vacaville/Cordehia/Suisun City

SCALE
0 20 mules
{

1
t =

20 km

NUMBER OF TRIPS

Y -\
v, N
v
Ve
/
~
}
7
~
- !
- \
Ve e - = ]
4
N\
A
N
</
\\
AY
-~
\
A
100 !
75 N
50
25 /

El Cerrito’s Marketshed

Map 6.3

108



Table 6 4 shows those at SFCentre traveled a wide range of distances to get there Since 1t
attracts a large number of downtown workers and visitors (Table 6 5), SFCentre drew over a third
of 1ts customers from locatons within a one-mule distance  However, SFCentre also had a relauvely
large share of surveyed individuals who came from beyond 20 miles away Long-distance
shoppers usually arrive directly from their homes, and are willing to endure long trips because of

SFCentre’s wide variety of shops and other downtown attractions !

Table 6.4

Distance From Last Place Visited to Retail Center

All Centers SE Centre Bayfair El Cernito
Percent Comung From
< 1 Mile 196 348 48 160
1-5 Miles 462 341 423 66 4
6-10 Miles 127 102 195 79
11-20 Mules 130 72 245 78
>20 Mues 85 137 89 19
TOTAL 1000 100 0 1000 1000
Table 6.5
Place of Origin for Trips to Retail Center
All Centers SE Centre El Cerrito Bayfair
Percent Comuing From
Office 180 192 i18 228
Home 479 368 524 567
Friend 65 94 69 30
Other Store 56 29 88 53
Hotel 70 192 00 00
Other? 150 125 201 122
TOTAL 1600 10600 1000 1000

}Other’ includes banking, school, restaurant, medical appointment, and picking up or dropping off people

4. Influences of Various Factors on Rail Transit Usage
Sociodemographbic Factors

Larger shares of women than men took transit or rode as car passengers to reach the shop-
ping centers (Table 6 6) Also, those arriving by rail transit tended to be younger than those who

drove alone to a center  Moreover, larger shares of Hispanics and African Americans arrived at
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centers by rail transit than any other ethnic group Around one out of five Astan Americans and
whites surveyed at centers arrived exclusively by foot travel In general, the largest share of rail
users surveyed at shopping centers came from groups which have historically been the most transit-

dependent —women, younger people, and ethnic minorities

Table 6.6

Modal Splits for Different Demographic Groups
of Surveyed Shoppers

Percent From Ethnic Group

Percent Average  African  Asian

Female Male Age (vrs) American American Hispanic White Other
Rail Transut 173 111 303 199 170 243 158 91
Bus 78 84 326 117 73 72 54 00
Drove Car 42 1 536 362 458 392 47 4 456 363
Rode Car 149 126 303 118 130 109 94 91
Walk i53 117 338 85 195 102 201 455
Qther 26 26 383 23 40 00 73 00
TOTAL 1000 1000 342 1000 1000 1000 100 0 1060

Purpose of Visit and Modal Split

Table 6 7 shows that shoppers patronized rail transit less than those who went to the shop-
ping center to work, for personal business, or virtually any other purpose By comparison, over a
third of those who came to eat, work, or for some other reason came by some form of mass transit
(etther rail or bus) Thus pattern probably reflects the fact that rail is less conventent for shopping

(e g, carrying packages) than for other purposes

Table 6.7

Modal Splits for Different Purposes
for Coming to the Shopping Center

Trip Purpose

Personal

Shopping Eaung Business Work Other
Rad Transit 153% 255% 33 3% 21 3% 25 0%
Bus 63 115 56 115 92
Drove Car 467 314 500 500 355
Rode Car 12 4 42 1i1 38 73
Walk 165 214 00 26 18 4
Other 28 60 (VX0) 38 46
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0%
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Relattonships did vary considerably among shopping centers, however Around one-quarter
of SFCentre’s shoppers arrived by rail transit, compared to only 4 5 percent of El Cerrito’s shoppers
(Table 6 8) One-third of SFCentre’s shoppers walked directly from their onigin to the shopping
complex, compared to only 3 6 percent of Bayfair’s shoppers Over three-quarters of both Bayfair’s

and El Cerrito’s shoppers etther drove or rode as a passenger to reach the malls
PP p

Table 6.8
Purpose Of Trip By Mode Per Mall

Shopping Eating Business Employee Other

SFCentre
Rail Transit 24 2% 32 4 50 0% 40 0% 39 0%
Bus 117 189 00 400 87
Drove Car 18 2 108 500 100 131
Rode Car 91 00 00 00 00
Walk 333 351 00 100 261
Other 35 28 00 00 131
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0%
Bayfair
Rail Transit 15 7% 19 0% 14 3% 28 6% 320%
Bus 16 48 143 48 200
Drove Car 609 619 571 428 320
Rode Car 161 143 143 95 120
Walk 36 00 00 48 40
Other 21 00 00 25 00
TCOTAL 100 0% 100 0% 100 0% 100 0% 100 0%
El Cerrito
Rail Transit 4 5% 22 2% 40 0% 4 8% 10 8%
Bus 45 00 00 48 27
Drove Car 660 556 400 762 514
Rode Car 125 00 200 00 81
Walk 100 222 00 14 2 216
Other 25 00 00 00 54
TOTAL 160 0% 100 0% 100 0% 100 0% 100 0%

Walking access was popular among those who went to SFCentre to eat  The next most
common means of accessing SFCentre for lunch and dinner was by transit Over 40 percent of

SFCentre’s diners arrived by rail or bus

Influence of Distance Traveled

Trip distance was a strong predictor of mode choice among those surveyed at the three
shopping centers (Table 6 9) In general, rail transit usage increased as trip distance increased —
36 percent of those traveling over 20 mules arrived at a shopping center via rail transit, compared

to only 12 percent of those traveling one to five mules In contrast, bus usage fell with distance

111



Evidently, because of 1ts line-haul, imited-stop service features, rail transit 1s preferred by those

traveling more than five miles to a shopping center near a BART station

Table 6.9
Modal Splits for Different Trip Distance Categories

Trip Distance (Miles)
<1 Mile  1-5 Miles 6-10 Mules 11-20 Mdes >20 Miles

Rad Transit 83% 11 8% 27 3% 22 5% 35 9%
Bus 96 86 40 49 00
Drove Car 171 537 515 578 433
Rode Car 13 128 141 137 179
Walked 605 97 10 00 00
Other 32 34 21 11 29
Total 100 0% 100 0% 100 0% 100 0% 1060 0%

Walkers, of course, trekked relatively short distances to BART-served shopping centers
Beyond one mule, there was little relationship between distance and automobile travel — shoppers
traveling five or 15 mules to one of the retail centers were just as likely to arrive by car  Overall,
automobiles were relied on most heavily to reach rail-served shopping centers regardless if the trip
was short or long Drive-alone shoppers represented the largest market share in the short (1-5

mules) and intermediate (11-20 mules) distance categories

Place of Origin
More than twice as many people whose trip originated at home or work drove to one of
the shopping centers as those who took rail transit (Table 6 10) In general, from the hotel people

walked, from the store they drove, and from a friend’s house their modal choice was evenly muxed

Table 6.10
Modal Splits for Different Trip Origins

Place of Trip Origin

Office Home Friends Store Hotel Other
Rail Transit 23 1% 19 0% 18 2% 12 8% 85% 14 2%
Bus 66 67 127 64 85 79
Drove Car 480 48 4 345 59 6 85 449
Rode Car 59 121 182 106 34 118
Walk 13 8 114 16 4 43 661 173
Other! 26 24 00 63 50 39
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%

1‘Other’ includes banking, school, restaurant, medical appointment, and picking up or dropping off people
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5. Summary

This chapter profiled people interviewed at three large shopping centers near BART stations
Intotal, around 15 percent of those surveyed at the three shopping centers adjacent to BART stations
patronized rail transit Most were choice riders  The choice to ride rail seemed most heavily influ-
enced by parking availability —around 21 percent of those surveyed at SFCentre, which has no free
parking, arrived by rail transit, compared to only 6 6 percent at El Cerrito, a suburban-like plaza
with plenuful free parking Around three-quarters of those at Bayfair and El Cerrito arrived by
automobile, compared to less than one-quarter at SFCentre Clearly, parking supply and price has
a lot to do with whether those shopping or doing business at shopping centers near regtonal rail
stations will ride rail transit

The immediate butlt environment also seems to have a strong bearing on rail ridership among
shoppers In addition to parking restraints, SFCentre hies in a dense, muxed-use downtown setting
and draws a mixed clientele of workers shopping on their lunch breaks, tourists staying in nearby
hotels, and Bay Area residents who travel long distances to shop there Besides BART and Muny,
many SFCentre patrons arrive exclusively by foot Bayfair and El Cerrito, on the other hand, are 1n
suburban-like environs where horizontally scaled buildings create long walking distances, even to
neighboring plazas In the case of Bayfair, only 3 percent of the surveyed shoppers reached the mall
by walking, evidently, many were unwilling to brave crossing the busy commercial thoroughfares
and expansive parking lots to reach Bayfair from nearby residential neighborhoods and retail plazas

In closing, the findings in this chapter suggest that placing retail centers near rail stations
will only attract significant numbers of shoppers 1o rail if some restrictions are placed on parking
and densities are high enough to encourage walking over automobile circulation Having a large
populaticn of residents and employees nearby also encourages non-auto forms of access to retail
centers near rail stations It follows, then, that rail stops with retail activities need to be mixed
with restdences and workplaces if significant numbers of shoppers are expected to patronize
transit or arrive by foot Thus, consistent with the findings of the two previous chapters, retail
acuvities require complementary land uses if transit-focused shopping complexes are to yield
significant mobility benefits This further suggests that transit-focused development needs to be
in the form of transit villages — moderately dense mixed-use communities with limits on parking

—if substantial shares of travelers are to be lured out of their automobiles

NOTES

*El Cerrito and Bayfair do not show marked difference between market share and distance from the last
place visited  For these retail centers, those interviewed came primarily from nearby communities
SFCentre, by contrast, 1s located in a busy tourist area and 1s surrounded by many other downtown
attractions
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Chapter Seven

Site Characteristics of Station-Area Developments
and their Impact on Rail Ridership

1. Introduction

This chapter explores the relationships between transit ridership and various characteristics
of the 27 residennal and 18 office sites surveyed Whereas the previous three chapters examined fac-
tors influencing the individual mode choices of residents, workers, and shoppers, by aggregating data
for each site, this chapter focuses on how the physical environment and relative proximity of each
site to rail stations affect demand Thus, the two central areas of exploration in this chapter are

(1) how the land-use and physical characteristics of sites (and areas surrounding them) influence
raif usage and
(2) the degree to which rail ridership decreases as walking distance to a station increases

Answers to these questons can guide planners in assessing

(1) the types of development most appropriately placed near rail transit stations,

(2) the density and physical development characteristics that are most conducive to rail usage, and

(3) the relauve importance of proxmmity and clustering in inducing those living and working near
rail stations to use rail transit

2. Building a Database

In order to investigate these questions, 1t was necessary to build a database containing infor-
mation on the physical and design charactersstics of each of the surveyed sites Additionally, since
the quakhity of the environment for pedestrians from sites to nearby stations was also a possible fac-
tor influencing whether significant shares of residents or workers patronized rail, data were com-

piled on the distance between sites and stations and other indicators of environmental quality

Residential Sites

Dara collected for residential sites included

€ Number of units by size and price

Land area

Dwelling units per acre!

Floor area ratio?

Number of parking spaces

Cost of parking per month

Distance from the nearest stauon?

Distance from the nearest freeway on-ramp?
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Because the physical and environmental characteristics of the entire community around a

statton were considered as important as those of individual sites, the following area-wide data

were also compiled

® 9 & @

Residential densities of the census tract of the site®

Levels of land-use mixture 1n the census tract of the site®

The number of signalized crosswalks between the site and the nearest station”
The width of the widest street crossing between the site and the nearest station®
Whether or not there were continuous sidewalks or exclusive pedestrian paths
between the site and the nearest station

OCffice Sutes

For office sites, simular data were gathered

The number of tenants 1n the building
Number of employees at the site

Gross building area, 1n square feet

Land area 1n acres

Employees per acre®

Floor area rato

The monthly rent or lease, per square foot
Cost of parking per month for employees
Number of parking spaces

Also, the following areawide measures and indicators of walking environment were

measured

Distance from the nearest station

Distance from the nearest freeway on-ramp

Mix of land-uses 1n the census tract of the site

Employment densities of the census tract of the site

The number of signalized crosswalks between the site and the station

The width of the widest crosswalk between the site and the station

Whether or not there were continuous sidewalks or exclusive pedestrian paths
between the site and the station

Quality of the Walking Environment

Measuring the quality of the walking environment 1s not easy, in part because people per-

cetve physical environments so differently While some walkers prefer the straightest possible path,

regardless of how barren or blighted the surroundings might be, others are attracted only to tree-

Iined winding pathways or corridors with commercial storefronts Others have tried to gauge the

quaklity of the walking environment with varying degrees of success, although no fully sausfactory

indicaters have been developed to date as far as we know Certainly no single indicator fully cap-

tures the multitude of factors that shape peoples’ perceptions of walking quality For the purposes

of this study, the following indicators were used, which in combination tap into the dimensions of

spatial distance, impedance, and facility provision
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® Distance to station distance from the station to the site was measured from the
nearest ticket machine to the main entrance for office sites and to the geographic
center of residential sites

® Contnuous sidewalks whether or not sidewalks cover the entire distance from the
site to the station, not including parking lots of erther the station or the site

® Pedestrian Paths  a site was considered to have a pedestrian path to the station if any
paved right-of-way was provided specifically for pedestrians that was not part of a
sidewalk, immediately adjacent to curbsides, or as part of a parking lot

¢ Number of signalized crosswalks thss reflected the degree to which there were confhict
points between pedestrians and vehicular traffic

© Street widths at widest crosswalk this reflected the relative scale of intersections
(which represent pedestrian-car conflict points)

3. Ridership Gradients

We would expect that the closer a person is to a rail station, the higher the hikelithood that
this person uses rail, all else being equal Earher studies, discussed in Chapter Two, suggested
that distance indeed influenced the propensity to use transit In Washington, D C, nidership fell
rapidly with distance within a one-half-mile radius of stations In the case of Toronto and Edmonton,
the difference in the share of residents or workers 1n a building immediate to a station who use rail
transit was greater over a one-mile radius than a one-half-mile radius In both of these studies, the
relationship between rail modal splits and distance was not knear, implying that effects of distance
change as one approaches the station A recent study of commuung in greater Toronto confirmed

the importance of proximity to subway as the primary determunant of mode choice (Pivo, 1993)

Residential Sites

Table 7 1 shows the recorded walking distances from the center of each surveyed residential
site to the ucket machine of the nearest rail station Plotung these data against the percent of res:-
dents 1n each site who used rail to get to work (shown 1n Chapter Four) produces Figure 71 The
plot 1s broken down 1nto two groups residential sites 2long the BART line, and other surveyed
residenual sites

The negative slopes of both best-fitung lines indicate that distance indeed had a deterring
effect on commuting by rail transit, however, the relationship was not parucularly strong This 1s

further revealed by the relatvely low R-squared goodness-of-fit staustics for both sets of stations

BART  Percent Rail = - 004(Distance) + 31 16 R = 119 71
Other  Percent Rail = - 011(Distance) + 32 61 R? = 280 72

For BART, the ridership gradient was linear, though the relationship berween rail usage and distance
was weak A stronger relattonship held for the other four Califormua rail systems On average, rail’s
modal share fell about 1 1 percentage point for every 100-foot increase 1n walking distance to non-

BART projects
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Table 7.1

Recorded Walking Distances from Residential Sites
to Nearest Station

Nearest Distance to
Site Station Station (ft )
BART
Mission Wells Fremont 1,150
Verandas Apts Union City 1,100
Parkside Apts Union City 600
The Foothills Apts South Hayward 770
Mission Heights Apts South Hayward 2,620
Summerhill Terrace Apts Bayfair 3100
Bayfair East Bayfatr 2,800
The Hamlet Apts Bayfair 1,050
Nobel Tower Apts Lake Merrtt 1,330
Wayside Plaza Pleasant Hull 1,760
Park Regency Apts Pleasant Hult 1,570
CalTrain
Hilisdale Garden Apts Hillsdale 2,170
Grosvenor Park Condommniums San Mateo 1,790
Northpark Apts Broadway 1,150
Palo Alto Condominiums Palo Alto 1,510
Santa Clara County Light Rail
Bella Vista Apartments Lick Mull 3,530
Stonegate Condominiums Tamien 1,330
Willow Glen Creek Condos Tamien 1,760
Park Almaden Condominiums Almaden 990
Sacramento Regional Transit
Woodiake Close Apartments Royal Oaks 1,730
Qaktree Apartments Tiber 480
Woodlake Village Apartments Power Inn 2,920
Windsor Ridge Apartments Butterfield 1,320
San Diego Trolley
Villages of La Mesa Amaya Dr 500
Park Grossmont Amaya Dr 2,640
La Mesa Village Plaza La Mesa Blvd 320
Spring Hill Apartments Spring St 850

For all California systems combined, the relationship between rail ridership and distance

was also linear, but the fit was stronger

Percent Rail = - 0085(Distance) + 32 24

Figure 7 2 shows that, relative to the other two areas studied to date, rail usage among resi-

R? = 381

(73)

dences within a mile radius of California rail stations was far lower than that found for Washington
Metrorail stations and stations near Toronto’s and Edmonton’s rail systems Also, the relationship
between ridership and distance was weaker in California, reflected by the flatter line Some of this

difference nught be explained by the fact that most of the California rail systems studied function
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rnainly as commuter systems, and thus have suburban stations with abundant park-and-ride facilines
As noted 1n Chapter Four, around 10 percent (and tn the case of Sacramento RT, 21 percent) of the
surveyed station-area residents who used rail accessed the stations by car, even though all lived
within 3,500 feet (and the majority within 1,500 feet) of a station Thus, the availability of large
amounts of parking at many Califormia suburban rail statuons has drawn a much larger share of
these systems’ rail users from beyond normal walking distances Higher average residential densities,
better feeder bus connecuons, and perhaps even better quality walking environments might also
explain why these other cities have managed to capture higher shares of rail users among station-

area residents than in California

Offzce Sutes

Recorded walking distances between surveyed offices and nearby stations are shown 1n

Table 7 2 Walking distances varied more for surveyed offices than for surveyed residennal sites

Table 7.2

Recorded Walking Distances from Office Sites to Nearest Station

Distance to No of
Site Station Station (ft) Workers
BART
Cittbank Pleasant Hill 660 350
Pacific Bell Montgomery St 490 550
Fremont Center Building Fremont 1,000 300
39350 Cwvic Center Dr Fremont 1,470 235
Gieat Western Building Berkeley 50 275
CalTrain
D:gital Equipment Palo Alto 450 400
Homart South S F 3,410 1,800
Mountain View City Hall Mountain View 2,810 150
Santa Clara County Light Rail
Northpointe Bus Ctr Tasman 490 75
San Jose Corporate Ctr Metro/Atrport 420 300
Koll Center Karina Court 420 1,000
Sacramento Regional Transit
California Center Watt/Manlove 1,130 1,000
Mayhew Tech Center Tiber 1,870 605
Franchise Tax Board Butterfield 1,560 3,000
Dept of Conservauon 8th and K St 370 398
San Diego Trolley
Latham & Watkins Gaslamp 680 160
St John Knits Iris Ave 3,200 106
Scuthwest Marine Bario Logan 2,080 1,200
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The ridership gradient for office sites are shown in Figure 73 Compared to the residential
sites, the effects of distance on rail commuting was fairly substanuall¢  For office sites, ndership
fell sharply with walking distance, following the negative exponential function shown in equation
7 4 (1 e, rail share fell, though at a decreasing rate, with distance) In the case of BART sites, around
one-half of workers at the two office buildings within 50 feet of a statiton commuted by BART, for
the remaming three buildings that were 500 to 1,500 feet away, the modal splits were around 10
percent For the non-BART sttes, only offices within 500 feet had as much as 15 percent of their

workers commuting by rail, beyond 500 feet, no more than 10 percent of workers took rail to work

Percent Rail = 1,105(Distance)” 795 RZ = 381 (7 4)
Figure 7 4 shows that, compared to Washington Metrorail and Toronio/Edmonton, California

rail systems captured smaller shares of statton-area workers, though differences were not large Daf-
ferences could be attributable to a number of factors, including the larger service coverage of Metro-

rail and the Canadian systems vis-d-vis most California systems or differences in employee parking
policies Such possibilities merit future research attenuon Califorria systems, however, had rider-
ship gradients equally as steep as the other systems, suggesung that the effects of distance on rider-

shup attrition 1s just as great as in areas where rail 1s used more intensively

4. Impacts of Physical Setting on Rail Modal Splits

Theory tells us that land uses and physical development patterns influence travel choices
This section tests whether such relanonships hold for the surveyed sites by presenting several best-
fiting regression models that predict rail modal sphts as a function of physical characteristics of
sttes as well as indicators of the quality of the walking environment Separate models are estimated

by pooling data across the 27 surveyed resident:al sites and the 18 surveyed office sites

Residential Sites

For the 27 residental sites, two characteristics were found to be the strongest predictors of
transit modal splits (for all trip purposes combined) — proximity to the station and residential den-
sity Table 7 3 shows that transit modal splits were, in general, highest for residenual projects that
were nearest a statton and 1n relauvely dense settings  Every one-thousand foot increase 1in distance
10 a station, for instance, was associated with a 7 percentage-point decline in rail modal splits, hold-
ing density constant  The effect of density was convex-shaped, following a quadratic curve This 1s
because one of the sites was 1n 2 relatively high-density settung yet had a comparauvely low rail
modal spiit  (Removing this one case yielded a logarithmic relauonship between density and rail

modal split )
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Table 7.3

Significant Predictors of Percent of Trips by Rail Transit
Among Residential Sites, All Trips

Standard
Coefficient Error Significance
Sration Disrance(feet) -0 007 0 0035 0 0593
D U per acre -0 124 0 0064 0 0670
(DU per acre)2 1303 0 6580 0 0620
Constant 4 863 151770 0 7604

Summary Statistics

Number of cases = 27
R Squared = 303
F=2899

Prob = 0604

Overall, the model’s fit was not particularly strong, indicating that other explanatory varia-
bles accounted for most of the variation in transit modal splits among the 27 sites Notably, area-
wide density was the only land-use-related variable that was a staustically significant predictor
None of the other variables defined in Section 2 of this chapter had any bearing on the share of
residents from a site who travelled by rail

The verdictis clear besides proximity and density, no other feature of the built environment,
including the various metrics used to reflect quality of walking environment, seemed to influence
travel behavior of station-area residents  This finding could mean erther that other non-land-use-
related vaniables were the significant explainers or that the measures used to gauge attributes of
the built environment were deficient Based on the results of Chapter Four, we believe the results
reflect more of the former than the latter That is, factors like destinations and the availability of
free parking are likely far stronger predictors of modal splits that the number of cross-walks passed
en route to a station or the existence of varied land uses in the neighborhood It could be that
within a one-quarter- to one-half-mile radius of a station, land uses or features of the built environ-
ment matter very hittle —as long as places are near a station, the characteristics of the immediate

SUrr oundmg environment are inconsequennal

Office Sites

A better predicuve model was found for explaining variation 1n rail transit modal splits for
the 18 office sites near stations Table 7 4 shows that four variables explained 92 percent of the
variation proximity to station, employment density of the area, commuting behavior at employees’

prior jobs, and occupauon The model reveals the following
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Table 7.4

Significant Predictors of Percent of Work Trips by Rail Transit
Among Office Sites

Standard
Coefficient Error Signuficance
Station Distance® 859 871 122 841 0000
Employment density® 022 007 0089
Prior Rasl(c 609 228 0190
Manager/Professionald@ 327 088 0026
Constant -10 855 2752 0017

Summary Statistics

Number of cases = 17
k% = 921

F=3763

Prob = 0000

Notes:

a The vanable for station distance used here was developed 1n the previous secuon for the ridership

gradient, in the form

so that as the distance to the station increases, the variable decreases

(Stauon distance)” 795

b Distance to the nearest freeway on-ramp, measured in miles
¢ The percent of workers at each site who regularly took rail to their previous job
d The percent of workers at each site who held managerial or professional positions

® Rudership decreased at a decreasing rate as the distance from an office to a sta-

uion increased, as noted 1n the previous section Thus, office workers within one
block of a station were far more likely to commute by rail transit that those
working four or five blocks away

The density of the area around the transit station had a positve influence on
ndership For every additional 100 employees per acre, rail ridership rose 2 2
percent Although this relationship 1s not astounding, it does follow expecta-
tions that with increases 1n density, transit becomes increasingly attractive over
other modes of transportation

Being accustomed to commuting by rail appeared to have some bearing on
modal splits For every one percent increase in the share of workers who com-
muted by rail transit to their previous workplaces, there was a2 0 61 percent
increase 1n the share of rail commuting among office workers at their current
workplaces This suggests that old habits sometimes persist— if workers are
accustomed to rail commuting, they are shightly more likely than other workers
to patromze rail if their current workplace 1s well-served by rail transit

Buildings with a relatively large share of management and professional per-
sonnel tended to average higher rail commute modal splits Thss 1s not alto-
gether consistent with expectations, and could reflect a concomutant relation-
ship —managers and professionals tend to be concentrated in downtown
offices and urban centers, locales which, because of their densities, mixed
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uses, and restricted parking, average high transit modal splits  Thus, 1t 1s hikely
that thus variable 1s serving as a proxy for workplaces that are transit-orienied
and well served by rail services

5. Conclusions

Overall, residences and offices closest to California rail stations were found to average
higher transit modal splits than places farther away Thus, proximity was confirmed as an impor-
tant factor in shaping the travel choices among station-area residents and workers The relation-
shup between proximity and transit modal splits was not as strong, however, as that found for the
Washington, D C , area or for the two Canadian metropolises— Toronto and Edmonton Proximuty
was more important, however, 1n explaining the travel behavior of California’s station-area workers
than its station-area residents

Among land-use variables, only neighborhood density, 1in addition to proximity, was a signi-
ficant explainer of modal splits for apartments and other residential buildings near rail stations
None of the indicators of "walking quality”, land-use mixture, or other physical attributes of station-
areas helped explain modal splits  This could be because proximity, in addition to characteristics
of destinations (ke proximuty to rail and parking restricuveness), override all other factors

Proximuty played an even stronger role 1n influencing the commuting behawvior of office and
factory workers near rail staions In general, rail usage plummeted as the distance of workplace
to the nearest station 1ncreased In contrast, ridership increased shightly but steadily as employ-
ment density at office sites increased Transit modal splits also tended to increase as the share of
workers who previously worked near transit and who have executive and professional jobs rose

In summary, the findings from this analysis suggest that within walking distance of a rail
station, the physical characteristics of the surrounding environment matter little in shaping com-
muting choices (1gnoring 1ssues of safety, blightedness, and the like), with the exception of density
Neighborhood density 1s correlated with higher rates of transit usage for residential developments
and employment density 1s correlated with higher transit commute shares at office developments
Of course, to the degree more projects are sited near rail stations, 1t follows that densities will
increase  We conclude, then, it 1s the "clustering” of residences and workplaces near rail stauon
that has the biggest influence on travel behavior within a one-quarter- to one-half-mile radius of a
station As long as development 1s geographically close and oriented toward a rail station, reasona-

ble shares of trips made by residents and workers will be by rail transit
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Notes

TFor residental sites, two measures of densities were used  The first 1s the density of the site uself, measured mn dwelling
units per acre of the site  This was computed by dividing the total number of dwelling unuts by the total land area of
the residenttal  The second measure of density was the density of the census tract to which the site belonged This
was computed by dividing the total number of dwelling units in the census tract by the total area of developed land
devoted to residenual uses

“The floor area rato 1s the gross floor area of all the buildings drvided by the land area of the parcel For example a
one-story building that completely covers the whole parcel would have a floor area ratio of 1 A two-story building
covering half of the parcel would zlso have a floor area rato of 1

3The distance to the nearest stauon was calculated using a device that measures walking distances  For residenual sites,
distances were measured from a designated centroid to the nearest ticket machine For office sites, distances were
measured from the main entrance to the building (or, in the case of muluple buildings at a site, from a designated
centroid) to the nearest ucket machine Distances were rounded to the nearest ten feet

“The distance from the nearest freeway on-ramp was measured with a ruler on Thomas Brother’s maps to the nearest
tenth of a mule

5Census tracts were chosen to represent "areawide” charactenstics  For the most part, census tracts corresponded to an
area represening between a one-half- and one-square-mile area around the raid station

%An entropy index was developed to gauge the degree of land-use mixture in the census tract The index expressed the
degree of heterogeneity across the land-use classes of residential, commercial, industnal, and institutional/public land
uses High entropy values indicated land-use heterogene:ty while low values denoted land-use homogeneity Land
area was net of parklands and open spaces

“In addition to measuring the distance along the shortest path berween the site and the nearest station, researchers
counted the number of street crossings and noted whether the crosswalks were equipped with pedestnan-activated
signals or had no signal at all

%The widest street width was measured at the pont of crossing from curb to curb, or, where no curbs existed, from one
edge of the street pavement to the other

YFor office sites, two measures of densities were used The first was the employment density of the site itself, measured
in employees per acre of the site  Employment density was computed by dividing the total number of employees by the
total area of the site The second measure was the employment density of the census tract to which the site belonged
This was computed by dividing the total number of employees in the census tract by the total area of developed land
devoted to employment uses

107hss was also reflected n the logit models presented in Chapters Four and Five  Walking distance from the site to the
nearest rail station was a significant predictor of mode choice for office workers, however, 1t was mnsignificant (and
thus did not enter the model) for predicung mode choices of station-area residents
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Chapter Eight

Summary, Conclusions, and Prospects

1. Summary

Conventional wisdom holds that apartments, offices, and shopping plazas near rail transit
stations average relatively high ridership levels The primary purpose of this research has been to
test this hypothests for five rail systems in California  The research findings largely confirm the hypo-
thesis —however, with several important caveats One, both housing and workplaces need to be clus-
tered around rail facilities if significant shares of work trips are to be captured by rail trans:t, concen-
trating only one end of the work trip, such as housing, in the absence of substantial clusters of the
other end, offices and factories, will unlikely produce high rates of raill commuung Two, regardless
how close development is to a rail station, a number of other factors intervene that strongly deter-
mune mode choice. The most important is parking at the workplace If people living and working
near rail stanons recerve free parking where they work, the odds of commuting by rail drops sharply
And third, transit-focused development, in and of itself, 1s unhikely to yield substantial secondary
benefits, like reduced traffic congestion on parallel corridors or lower levels of air pollution Incom-
bination with other transit-supportive programs, however, transit-focused development can make an
important contribution toward the attainment of such regional mobility and environmental goals

This research was organized around studying ridership characteristics of transit-focused
development, and in parucular how features of the built environment shape transit demand, for
three types of land uses residential, employment, and commercial-retail. Principle findings of

this research are summarized below, by each land-use category

Transit-Focused Housing

Surveys data were collected from residents of 27 apartments and condominiums {(each
with at least 75 dwelling units) located within around one-half mile of a rail staion Data were

compiled for nearly 900 households, producing around 2,500 trip records.

i The average rail modal split for all trips was 15 percent, with significant variation Rail
shares as hugh as 79 percent and as low as 2 percent were found among residential
Erojects Housing around BART averaged the highest rail splits (26.8 percent) while

ousing around SCCTA averaged the lowest (6 7 percent). Overall, those residing near
Califormia rail stations are fairly auto-dependent — over 75 percent relied on a car,
etther as a driver or a passenger, for their primary trips

» Rail captured 19 percent of work trips made by stauon-area residents, and in the case of
BART, 33 percent Thus is much higher than the three BART-served counties’ rail modal

split of 5 percent for work trips 1n 1990 It 1s also considerably higher than the 1990
average of 17 8 percent for all Bay Area residents living within one-half mile of a BART
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station For each Bay Area city served by BART, residents living near rail stanons were
around five umes as likely to commute by rail transit as the average resident-worker in
the same city

The strongest predictors of whether station-area residents commuted by raif was whether
their destination was near a rail station and whether they could park free ar their destina-
tion Other significant predictors were vehicle ownership levels and the availability of
employer-paid transit allowances If station-area residents work 1n San Francisco for an
employer who charges for parking and they receive a transit voucher, there 1s over a 95
percent chance they will commute by BART If the same conditions hold and they work
in Oakland, the probability falls to 64 percent, and for most other BART-served destina-
tions, the odds are in the 10 to 15 percent range And if they work at a destunation beyond
normal walking distance from BART and receive free parking, there 1s only around a 2
percent chance they will commute by rail  Clearly, if transit-based housing s to produce
meanungful mobility and environmental benefits, there must also be transit-focused
employment centers

Many of those surveyed who previously lived elsewhere in the same metropolitan area,
though not near a rail station, changed modes of travel once they moved close to rail—
around 29 percent who usually drove alone to work at their previous residence now
commute by rail A majority of current rail users, however, previously rode rail or bus
to work Part of the high inadence of rail commuting among station-area residents,
then, could be due to the fact that they have a high prochivity to patronize rail transit
Also, the dectsion to rent or buy a home near a rail station might have been influenced
by a desire to commute to work by rail transit

As mught be expected, the vast majority of those residing near rail accessed nearby sta-
tions by foot —around nine out of ten Once they reached their exit staton, around
three-quarters walked to their destinations

Households near ra:l stauons were smaller in size (average = 1 89 persons) and owned
fewer vehicles (average = 1 53 cars or trucks) than other households in the respective
metropolitan areas

Transit-Focused Worksites

Survey data were gathered from over 1,400 employees at 18 worksites, all located within

one-half mule of a Californiz rail station

The average rail modal split for work trips was 8.8 percent For surveyed worksites near
BART, rail’s share was 17.1 percent, well above the Bay Area’s rail work trip share of 5
percent On average, those working near California rail stations were 2 7 tumes more
likely to commute by rail than the average worker 1n the cities studied

The strongest predictors of whether station-area workers commuted by rail was whether
they resided in a rail-served city, could park free at their workplaces, and had access to
a private vehicle Living 1n a BART-served city, for instance, increased the likelihood of
station-area workers commuting by BART by 40 percentage points, all else equal Free
parking reduced the lhikelihood by around 20 percentage points Rail commutung also
increased with commute distance and the availability of a trans:t allowance (when com-
bined with paid parking at the workplace) Overall, these findings are consistent with
those for transit-based housing— both the origin and destination ends of the commute
trip need to be in reasonably close proximity to a station for there to be high levels of
rad travel That is, transit-based workplaces require transit-based housing if rail travel
is to seriously compete with the private automobile

Of stauon-area workers who previously worked at a location unserved by rail but within
the same metropolitan area, only around 31 percent commuting by rail now used 1t
before From this, one can infer that working near a rail staton raises the likelihood of
commuting by rail by 30 or so percentage points, all else being equal

Working near rail was not 2 strong inducement to using rail for msdday travel Only 3
percent of midday trips made by station-area workers were by rail The need to make
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midday trips, on the other hand, reduced the odds thar station-area workers commuted
by rail
Among staton-area workers who commuted by rail, slightly more than 50 percent park-

and-rode at the onginating station Around one out of five reached the station by foot
Once at their destination station, over 85 percent walked to their nearby workplace

Trawnsiut-Focused Retail Centers

Intercept surveys were conducted of shoppers, employees, and others at three large Bay

Area shopping complexes located within a quarter-mile of a BART station SFCentre 1s located 1n

the heart of downtown San Francisco’s retail district where parking 1s expensive and transit services

are superior to anywhere 1n the region Both El Cerrito Plaza and Bayfair shopping center are

large enclosed complexes in the East Bay, surrounded by free parking

For all three shopping centers combined, 15 percent of those surveyed arrived at the
center by BART The two suburban shopping malils with plentiful parking had lower rail
shares, especially El Cerrito where only 6 6 percent of shoppers and others surveyed
arrived by BART

SFCentre’s relauvely high share of BART users partly reflects its larger retail market-
shed —around 14 percent traveled over 20 miles to get there However, over one-third
also traveled less than a mile to SFCentre — typically downtown workers and tourists

Shoppers who arrived by rail tended to be women, youths, and ethnic minoriues

Influences of the Built Environment

The relationships between transit ridership and the site and neighborhood characteristics

of the 27 residenual and 18 workplaces were also explored

Rail’s modal share fell kinearly with distance from the station for the surveyed housing
projects —on average, by about 0 85 percentage point for every 100-foot increase 1n
walking distance

For offices, the ridership gradient foliowed an exponennal decay funcuon For non-
BART sites, only offices within 500 feet of a station had as much as 15 percent of their
workers commuting by rail; beyond 500 feet, no more than 10 percent of workers took
rail to work

In general, ridership gradients for California transit-focused projects were flatter and
lower than those found in previous studies for Washington, D C., Toronto, and Edmonton
This 1s likely attributable to the greater abundance of park-and-ride faciliues at California
stations, differences 1n urban form, and the higher degree of workplace primacy (1 e,
larger downtowns) in these other cities

Among land-use variables studied, ridership for transit-based housing projects was most
strongly related to neighborhood density and proximity Mixed land uses and various
indicators of "walking quality” were not significant predictors of transit modals splits
among residential sites Thus, within a one-haif mile or so radius of a station, land uses
or features of the built environment matter very little — as long as residences are near
stations, the characteristics of the immediate surroundings are of minor importance,
barring no serious problems like blight or high crime rates

For office developments, proximity and area-wide densities were the two dominant site-
related factors influencing rail usage For every additional 100 employees per acre, rail
nidership rose 2 2 percent Mixed uses and measures of environmental and walking
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quality were not significant predictors of the share of station-area workers who commuted
by rail

& Overall, 1t 1s the "clustering” (1 e , close proximity and higher densities) of residences and
workplaces near rail stations that has the biggest influence on travel behavior among all
land-use factors Factors like levels of mixed use or quality of walking environment have
a neghigible 1nfluence As long as development 1s geographically close and oriented
toward a rail station, reasonable shares of residents and workers will travel by raill To
the degree both ends of trips are clustered around a rail station, the odds of traveling
by rail transit increase sharply

2. Conclusions

The principle conclusion of this research s that if transit-focused development 1s to reap sig-
nificant mobility and environmental benefits, then most kinds of trip onigins and desunations must
be clustered around rail stations Having transit-based housing does little good if most job growth
occurs outside of CBDs or far removed from rail stations— such as in suburban office parks and
highway corridors Likewise, rail-served shopping centers will attract relanvely few transit users if
most restdences and workplaces are not oriented to transit  In short, a variety of urban acuviues
need to be concentrated near transit facilities if significant shares of trips are to be won over to tran-
sit, especially given the trend towards decentralization We can conclude, then, that for rail transit
to work effectively, metropolitan areas need a multi-centered urban form that is fed by an efficient
transit system —that s, they need to be more like some of the world’s most successful transit metrop-
olises, such as Stockholm and Toronto In addition to clustered development around rail stations,
other complementary policies and programs need to be in place — such as universal parking charges
and employer-paid transit allowances Together, transit-focused land-use measures and transporta-
tion demand management (TDM) programs are a powerful combination for inducing modal shafts
1o transit

Not everyone 1s so optimustic about the prospects of transit-focused development doing much
good Downs (1992) argues that the permanence of the existing built environment will prevent dra-
matic gains in density, and that only huge increases in average suburban residental densities would
substantially reduce average commute distances and solo-commuting Even under the most gener-
ous assumptions, according to Downs, clustering high-density housing near suburban rapid transit
stations would unlikely reduce vehicle-miles traveled (VMT) by any more than 2 percent Besides,
he notes, citing the classic study by Pushkarev and Zupan (1977), commercial and employment
densities are more important to increasing transit usage than residential densities

Simple mathematics suggest that Downs could very well be right Table 8 1 shows that only
8 9 percent of residents from the three BART-served counties lived within one-half mile of 2 BART
statuon in 1990 —ranging from 4 5 percent in Contra Costa County to 12 3 percent in San Francisco

Based on 1990 census staustics, only 17 8 percent of these station-area residents commuted by
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Table 8.1

Estimated Share of 1990 Commute Trips
by Station-Area Residents of the Three BART-Served Counties

% Work Trips by BART Estimated

% County Population Among Workers Living % Total Commutes

Within 1/2 Mie of Within 1/2 Mile of by Station-Area Rad

BART Station (1990) BART Station (1990) Commuters (1990)
Alameda County 98 173 17
Contra Costa County 45 113 05
San Francisco 123 255 31
Three County Total 89 178 16

Source US Census, STF 3-A

rail transit —again, less in Contra Costa County and more 1n San Francisco (This share 1s slightly
below the 19 percent rail modal split for work trips found for the 27 restdental sites surveyed in
thus study ) This suggests that only 1 6 percent of all commute trips within the three BART-served
counties were by station-area rail users Doubling the number of statton-area rail users would have
a pretty small impact on current regional communng and environmental conditions

The one land-use strategy that to Downs seems to hold the most promsse 1s concentrating
jobs 1n large clusters oniented around rail transit stations This is consistent with the findings of
this research that workplaces in dense settings near rail stations average high shares of transit com-
muters, especially when parking charges are levied Sull, Downs s skeptical about most land-use
initiatives, concluding that there is little political support for them and that the efforts required are
"wholly disproportionate to the severity of the problem, the pain 1t 1s causing, and the benefits of
ending 1it" (p 94)

While the benefits of singularly achieving transit-based housing or concentrated emplioyment
centers are likely to be modest, the effects of such initiatives 1n combinauon can be far more substan-
t1al, especially when introduced in combination with parking restraints and other TDM measures
One only has to look to Stockholm to appreciate what is achievable Stockholm, we would argue, is
an appropriate comparison in that Sweden is one of the most affluent countries in the world with a
high automobile ownership rate (2 1 persons/vehicle) Moreover, most Swedish cities sit in a large
flat forested country and experienced rapid growth following World War II. The stage was set for
Sweden’s metropolises to easily have followed a highway-oriented development pattern Yet
Europe’s most prosperous country took off on a radically different suburbanization path than in
America In Stockholm’s case, the key reason for this has been careful coordination of regional
transit and land-use planning over the postwar period In response to urbanization pressures,

Stockholm’s city council has built a number of satellite new towns over the past three decades, most
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surrounded by greenbelts and connected to Stockholm by rail  An overniding principle was to dis-
tribute industry and offices to satellites roughly 1n proportion to residential population n order to
avoid a "dormitory town environment " These rail-fed new towns were also planned for a mux of
housing types (single-family and mulu-tenant) as well as uses, with offices, shops, civic buiidings,
and other acuvities in close proximity 1o each other (Hall, 1988, City of Stockholm, 1989)

The mobility and environmental impacts of this built form have been unmistakeable In
1990, 38 percent of the residents and 53 percent of the workers of these rail-served new towns
commuted by rail transit For all of Stockholm County, rail accounted for 42 percent of all com-
mute trips (Stockholm Lans Landsting, 1992) However, urban development patterns, alone, did
not produce these results Parking and automobile travel 1s expensive 1n all Swedish cittes, and
nearly all apartments are pubhicly subsidized Ciues like Stockholm are testaments to how inte-
grated rail and land-use planning in combination with market-rate pricing of automobile travel

and other demand management efforts can reduce auto-dependency

3. Prospects and Outlocks

A number of observers hold high prospects for denser, more transit-ortented housing and
workplacesinthe US According to the Urban Land Instutute (ULI) (1991), rising housing costs and
the trend toward smaller households— young people just starting out, young married couples saving
for a first home, empty nesters, persons once again living alone because of 2 divorce or death of a
spouse —bodes well for the future of mulufamily housing Today, around 30 percent of households
with annual incomes 1n the $20,000-$30,000 range live in multifamily housing ULI (1991, p. 6)
concludes that "a region’s economic growth and vitality depend on the presence of a sufficient
supply of workers and a region’s ability to attract workers depends in large measure on the
availability of affordabie housing "

Of course, most long-time suburbanites take a dim view toward densification and fight it
every step of the way, whether through ballot-box zoning or voting NIMBY-sensitive politicians into
local office  Many developers follow the fundamental rule that "as density goes up, the general
interest from the consumer goes down" (Bookout, 1992 15) Some designers argue that increased
densiues are possible if they are complemented by more ameniues, such as on-site recreational facili-
ties, on-site water features and civic spaces, pedestrian-friendly streets, and human building scales
Some designers also maintain they can change peoples’ "percetved densities" through such treat-
ments as varying building heights, detailing rooflines, and altering building matenals to break the
monotony of traditional slab structures, narrowing setbacks while maintaining detached unuts,
adding accessory unuts and granny flats to backlots, converting single-family homes 1nto duplexes

and triplexes, and designing buffers and edges around high rises (Bookout and Wentling, 1988)
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Most cities also have a number of number of tools at their disposal to encourage infill devel-
opment and higher densities land use controls (e g, density bonuses, transferable development
rights), formation of redevelopment authorities, and various taxing devices (e g , tax increment
financing) Transit investments themselves can be effective levers toward inducing higher density
growth, parucularly if they occur during a period of bouyant economic growth (Cervero et al |
1992) And of course efficient pricing of resources, whether road space or clean air, would over
the long run work toward more concentrated urban growth One variauon of efficient pricing
would be to grant credits of various forms — such as against property taxes and impact fee obhiga-
tons —to developments that are conductve to transit nding, ndesharing, walking, and bicycling
If rransit-focused development indeed yields public benefits, as has been the case 1n Stockholm,
then this "posittve” impact should be financially rewarded — the opposite of an impact fee Better
pricing and better urban design, along with better regional planning, would go a long way toward
producing butilt forms that begin to attract substantal numbers of Americans to transit and other

alternatives to the drive-alone automobile
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Residential Survey
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BAY AREA TRAVEL SURVEY

This survey 1s part of a continuing effort to improve transportation services in the Bay Area It 1s being conducted
by the University of Califormia Transportation Center Please help us by hiling out this questionnaire  Your
responses wili be completely confidential Please complete this within one week and dropitin any mailbox Postage
1s prepaid  For questions, please contact Barbara Hadenfeldt at UC Berkeley (510) 642-4874 J

** Thank You for Your Time and Assistance **

informetion on Your Household

1 Inciuding yourself, how many people live in your househald How many 16 years or okier
2 How mary autos, pickups, and vans ars availabie for use by members of your household

Pleasa provide Information on up to two household membaers of at least 16 years of age, including yourself and cne other parson

Eerspn2

3 Sex 1=Female 2=Male (entericr2)
4 Age of sach parscn
§ Ethnicity or race
6 Does person work outside this residence? (snter 1,2, or 3)

1=Yes, Full Time 2= Yes, Pari-Time 3 =No
7  For persons working, enter code {0 indicate cuirent occupaiion

1 = Accounting/Financial 4 = Laborer 7 = Sales Worker

2 = ClencaV/Secretanal 5 = Manager/Admimstrator 8 = Service Worker (waiter, store clerk)

3 = Craftsman (mechanic, butider) 6 = Professional (consultant, engineer) 9 = Other (specify)

8 Approximate annual salary (enter code}

1= 0-$15,000 3= $20,001 $25000 5= $30,001-$40,000 7 = $50,001-$60,000 9= $70,001 $80 COC
2. §15,001-$20,000 4 = $25001-$30,000 6= $40,001-$50,000 8= $60,001-$70,000 10 = over $8C,000
9. Iravel of Persons 16 Years of Age or More

Please provide travel information oni each person identified in the previous section  Person 2in the previous section shouid be tha same
as Person 2 in this section For each parsan, please provide data for the main tnps made yesterday (I yesterday was Saturday or
Sunday, please fill in for the last weekday you worked )

* Please use the codes below to fill in information on Tup Purpgse and Means of Travel -

YOU  (Date __/__ /92) Inpi T2 Iop3
Time you left (circie AM or PM) — o AMPM — AMPM — __AMPM
Tnp Purpose (use codes below)
Means of Travel (use codes below)
QOngin {city name or zip code)}
Destination (city name or 21p code)
Arnval ime at Destination — o AMPM — ____AMPM ——_AMPM
Length of tnp miles miles —miles
PERSON2 (Date ___/ ____/92) Topd Inp2 Iup 3
Time you left (circle AM ar PM) —__AMPM e AMPM ——_AMPM
Tnp Purposs (use codes below)
Means of Travetl (use codses below)
Ongin (city name or zip code)
Destination (city name or zip code)
Amval time at Destination —_— AMPM —__AWPM —_AMPM
Length of tnp - mlles™ ~ T miles T rles
CODES: IBIP PURPOSE CODES, MEANS OF TRAVEL CODES
1 = Go to Work 1 = Drove a car
2 = Return Home 2 = Rode in a car or van
J = Personal Business (e g , to bank) 3 = BART
4 = feal or snack 4 = Rode Bus
§ = Shopping 5 = Walk
6 = Medical 6 = Bicycle
7 = SociaVRecreational 7TwOther(_______ )
8 = Other ( 3
COMPLETE BOTH SIDES

THEN FOLD AND SEAL WITH TAPE
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Please answer the remarning questons only for you

10 What was your round tnp cost to and from work for

transit fates $ — parking $ _
talis H _— others $ —_ {specity }
11 Daes your employar (Check all that apply)
Help pay for your transit expenses Stagger your work hours
Allow you to work tiexible hours Provide a car for business or emergency use dunng the day
Provide free parking % not, how much is pariung  per day $. —
per morth §, —

k Otherwise skip questions 12 and 13

12A Atwhich BART station did you board from on your way 1o work

At which BART station did you exit from on your way 10 work

128 How did you get from your home to¢ BART and then from BART to your workplace

Erom home 1o BART (cbeck one)

walk wak __

drive car drivecar ____
nde as passanger nde as passenger
bus bus

tucycle bicycle ____
other { ) other ( )

12C How long did it take you to travel from
Your home to BART mins BART to your wotkplace mins

Please provids the requested information for your Oor rasigence if your pnor residence was in the Bay Area

13A City or z1p cods of pnor residence

13B For your prior residence, dic you work at the same place as you do now? Yes No
if you answered No, please indicate the city o zip code where you last worked whaen you lived In your prior residence

13C On most days, what was your usual means of travel to work (Check one}

Orove a car Rode Bus Other { )
Rode in a car or van Walk
BART Bicycle
130 What was the ysual amount of ime and distance to work from your previous residence minutes, mules

SGeneral Comments
Please provide any comments or suggastions on how transportation might be improved in the Bay Area

if you are wiiling to take part in & more extansive transportatiorvhousing survey please provide your neme and number below

NAME TELEPHONE ( ) -
NG POSTAGE
VR 35 W atin
IN THE
UNITLD STATES

BUSINESS REPLY MAIL

FIRST CLASS MAJL PERMIL MO 7 BERKLLEY CA

POSTAGE WILL Bt PAID BY ADDRESSEL

INSTITUTE OF URBAN AND REGIONAL DEVELOPMENT
UNIVERSITY OF CALIFORNIA

2000 CARLTON ST

BERKELEY CA 84704-9978

(118 1O 18 1Y 3 7P P Y 19 19 P 1Y Y PRV 1
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BAY AREA TRAVEL SURVEY

This survey Is part of a continuing effort to iImprove fransportation services n the Bay Area  itis being conducted by the

' University of California Transportation Center  Please help us by filling out this questionnarre  Your responses will be

|completely confidential  Please compleie this within one week and drop it in any maibox Postage is prepaid  For

questions, please contact Barbara Hadenfeldt at UC Berkeley (510) 642-4874

Informatien on Yourself
1 Please Indicate where you live
Name of City or Town intersection nearest your home
2ip Code
2 Including yoursalf, how many pecple live in your househald?
3 How many autos, pickups and vans are labie for use by bers of your househokd?
4 Your sex (Circle one) 1 = Female 2 = Male
5 Your age
§ Your occupation (Circle one)
1 = Accounting/Financial 6 = Prolessional (e g , consultant, engineer, lawyer)
2 = Clencal/Secretanat 7 = Sales Worker
3 = Craftsman (e g , mechanic, butider} 8 = Sarvice Worker {e g, waiter, store clerk)
4 « Laborer 9 = Other { 3
5 = Manager/Administrator
7 Your approximate annual safary (Circle one)

1 =0 815,000 4 « $25,001-$30,000 7 = $50,001-$60,000 10 = over $80,000
2 = $15,001 §$20,000 5 = $30,001-$40,000 8 = $60,001 $70,000
3 = $20,001-$25,000 6 = $40,001-$50,000 9 = $70.001-$80,000

Your Commute Charscleristics Please provide information on your tnp to work today

8

9

1"

12
13
14

18

17
18

Today'sdate ___/ /92

At what ime did you leave home togotowork? __ AM/PM (circle AM or PM)

At what time did you amve at work? AMPM

What means of trave!l did you use to get o work foday? (Circle ong}

1 = Drove alone 6 = Walked entire way

2 = Drove with others how many others, excluding yourself ____ ) 7 = Bicycled

3 = Rode as a passenger (how many total were in vehicle ___ ) 8 « Taxt

4 = Rode BART 9 » Other (specify )
S = Rode Bus

Approxmate travel distance from your home to your office miles

~ Answer Part A or B, whichaver applies —

Answer these questions only If you drove o work today Otherwise skip 1o question 15

Are there convenient transit connections avatiable for your tnp to work? (Circlecne} 1=Yes 2=No 3 =Don'tKnow
Did you or will you need to use your car during the day today? 1=Yes 2= No

Doas your employer (Check alf that apply)

Help pay for your transit expaenses Allow you to work flextbie hours
Stagger your work hours Provide a car for business purposes dunng the day
Provide free parking

(¥ not, how much is parking per day § per month § )

Answaer these questions only f you rode BART for any portion of your inp to work today Otherwise skip to question 26
At which BART station did you board on your way 1o work

Atwhich BART station did you exit on your way to work

On your way to work, how did you get from your homae to BART and then from BART to your workplace

Erom BART to Workplace (check one}

walk walk

drive car drive car

nde as passenger nde as passenger

bus bus

txeycle bicycle

Other (__ ) Other ( }
How long did it take to travel from  Your home to Boarding Station mins  Exit Staticn to yourwork place _____muns
What was your round-trip cost 1o and from work for transitfares $__ ___ parking $_____ tolls §____

other (specity ys

Does your employer (Check ail that apply)

Help pay for your transit expanses Aliow you 1o work flexible hours

Stagger your work hours Provide a car for business purposes dunng the day

Provids free parking

(¥ not, how much is parking per day $ per month § )
COMPLETE BOTH SIDES

THEN FOLD AND SEAL WITH TAPE
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Middsy Trips
Did you makae any trips outside your bullding yesterday dunng work hours? yes
it you answared yas, please fill in the requested Information below

Midday Trnips You Made Yesterday
Tmpt Inp2
Time you left AM/PM AMPM
Trip Purpose (use codes below)
Means of Traval (use codes below)
Destinabon{city name or zip code)
Arrivai tma 1o destination AM/PM AMWPM
Length of tnp miles miles
CODES: IAIP PUBPOSE CODES MEANS OF TBAVEL CODES
1 = Business related 1 = Drove a car
2 = Peorsonal Business (@ g, to bank) 2 = Rode in a car or van
3 = Meal or snack 3 =« BART and wailx
4 = Shopping 4 = BART and dnve
5 » Medical 5 = BART and bus
6 = Soctal/Recrgational 6 = Bus only
7 = Other fwnte n) 7 = Walk
8 = Bicycle
@ « Othor (wnte in1)

Brior Commuting
Please provide the requested Information for your pror place of work i you worked at a different location in the BAY AREA waitin THE LAST
THREE YEARS Otherwise skip guestons 21 24

21 Your pnor place of work
Name of City or Town Zip Code
Nearest Street Intersection

22 Did you live at the same place then as you do now? Yes No
If you answered No, please indicate the city or Zip code where you last kved when you worked at your pnof place of work

23 On most days, what was your usual means of travel to work (Check one)

. Drove a car . Rode in & caror van __BART and wak
— BART and drive .. BART and bus —__Busonly
— Waik . Bicycle — Other )
24 What was tha normal amount of ime and distance & 1ook 1o commute to your prior workplace
minutes miles

Genere} Comments
Pisase provide any comments or suggestions on how transportation might be improved in the Bay Area

THANK YOU

- 4
NO PO EALE
VR 35 NLLESSARY
IF MAILLD

IN TRE
UNITLD STATES

BUSINESS REPLY MAIL

PIRST CLASS MAIL PERMII NO 7 BERKRELEY CA

POSTAGE WILL BL PAID BY ADDRESSEE

INSTITUTE OF URBAN AND REGIONAL DEVELOPMENT
UNIVERSITY OF CALIFORNIA

2000 CARLTON ST

BERKELEY CA 94704-3378
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Appendix C

Pedestrian Intercept Survey
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Table A4.1

Modal Split Among BART Residential Sites, All Trips and Work Trips

Bayfair East
All Trips
Work Trips

The Foothulls
All Trips
Work Trips

The Hamlet
All Trips
Work Trips

Mission Heights
All Trips
Work Trips

Mission Wells
All Trips
Work Trips

Nobel Tower
All Trips
Work Trips

Park Regency
All Trips
Work Trips

Parkside
All Trips
Work Trips

Summerhill Terrace

Al Trips
Work Trips

Verandas
All Trips
Work Trips

Wayside
All Trips
Work Trips

Percent of Trips by Mode

Drive/
Rude Car

58 1
556

66 2
628

500
417

860
806

825
800

166
233

629
579

727
733

840
789

691
650

510
410

Rad

19 4
222

266
309

357
417

100
129

145
170

167
100

315
368

182
200

160
211

258
300

450
549

Bus

97
111

24
21

00
00

40
65

15
20

417
667

40
32

00
60

00
00

10
13

07
60

Walk

129
111

16
21

143
167

00
00

08
00

250
00

16
21

91
67

00
00

31
25

33
40

Other

00
0o

32
21

00
00

00
00

08
10

00
00

00
00

60
00

00
00

10
13

00
00

No of
Cases

124

50

131

124

97

151
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Table A4.2

Modal Split Among SCCTA Residential Sites, All Trips and Work Trips

Percent of Trips by Mode

Drive/ No of
Ride Car Rail Bus Walk Other Cases
Eella Vista
All Trips 93 4 34 00 09 23 348
Work Trips 929 36 00 04 32
Park Almaden
All Trips 773 175 (X0 00 52 97
Work Trips 728 154 00 38 00
Stonegate Circle
All Trips 77 1 200 00 29 00 35
Work Trips 808 154 00 38 co
Willow Glen Creek
All Trips 90 8 23 00 00 69 87
Work Trips 890 31 00 60 78
Table A4.3

Modal Split Among CalTrain Residential Sites, All Trips and Work Trips

Grosvenor Park
All Trips
Work Trips

Hillsdale Garden
All Trips
‘Work Trips

Northpark
All Trips
Work Tiips

Palo Alto
All Trips
Work Trips

Percent of Trips by Mode

Drive/
Ride Car

931
880

78 6
78 3

662
611

625
667

Ral

45
80

61
67

270
370

21
00

Bus

00
00

77
67

41
19

21
00

Walk

23
40

46
45

27
00

292
200

Other

00
60

31
37

0o
00

42
133

No of
Cases

44

51

74

48
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Table A4.4

Modal Split Among Sacramento RT Residential Sites, All Trips and Work Trips

Percent of Trips by Mode

Drive/ No of
Ride Car Raul Bus Walk Other Cases
Caktree
All Trips 179 786 36 00 00 28
Work Trips 91 86 4 45 00 (Y]
Windsor Ridge
All Trips 850 117 00 17 17 60
Work Trips 842 132 00 26 00
Woodlake Close
All Trips 800 127 00 55 18 55
Work Trips 743 143 00 86 29
Woodlake Village
All Trips 840 57 43 10 50 300
Work Trips 861 94 17 11 17
Table A4.5

Modal Split Among San Diego Trolley Residential Sites, All Trips and Work Trips

Percent of Trips by Mode

Drive/ No of
Ride Car Rail Bus Walk Other Cases
I.a Mesa Village
All Trips 859 77 00 64 60 78
Work Trips 81 4 93 00 93 00
Park Grossmont
All Trips 932 28 6o 20 20 37
Work Trips 98 0 20 0o 00 6o
Spring Hill
All Trips 649 351 00 00 0o 37
Work Trips 462 77 462 oo 00
Village of La Mesa
All Trips 870 108 09 09 05 222
Work Trips 856 118 07 13 07
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Table A4.6

Modal Splits for Work Trips by BART Station-Area Residents,
by Destination

Destination
Walnut
Creek/ Share
San Pleas- San Fremont/ of
Fran- Oak- Berkeleyy ant Leandro Union All All
Mode CiSCO Land  Albany Hul Hayward Cuty Other  Tnps
Auto 106% 538% 357% 523% 703% 804% 897% 621%
Rail 881 40 4 571 387 186 161 60 317
Other 13 58 72 90 111 35 43 62
TOTAL 100 0 100 0 1000 1000 1000 1000 1000 1000
Share of Work Trips 13 8% 8 6% 23% 183% 194% 184% 192% 1000

Note The body of this table shows the percent of all tnps to each desunation made by each mode The bottom row
shows the percent of all trips by statton-area residents desuned to junisdictions  The last column shows the
percent of all trips by station-acea residents by each mode

Table A4.7
Modal Splits for Work Trips by SCCTA Station-Area Residents, by Destination

Destination
Share
Silicon Palo Alto/ All of all
Modes San Jose Valley! Stanford Other Trips
Auto 78 6% 93 5% 92 8% 91 3% 87 9%
Rail 159 30 12 09 72
Other 55 35 60 78 49
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0%
Share of All Trips 35 8% 49 4% 35% 11 3% 100 0%

NOTE The body of this table shows the percent of all tnps to each destnauon made by each mode The bottom row
shows the percent of all trips by station-area residents destined to junisdicions  The last column shows the
percent of all tnps by stanon-area residents by each mode

ISyicon Valley = Mountain View, Santa Clara, Sunnyvale
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Table A4.8

Modal Splits for Work Trips by CalTrain Station-Area Residents, by Destination

Mode

Auto
Rad
Other

TOTAL

Share of All Trips

Destination

San
Fran-
CISCO

48 3%
483
34

100 0%

12 8%

San

Palo

Mateo/ Alto/
Redwood Menlo

Brisbane/

SFO City
81 1% 79 3%
162 43

27 16 4

100 0% 100 0%
16 4% 513%

Park

65 0%
100
250

100 0%

8 8%

100 0%

10 7%

Share
of all

Trips
74 7%
133
120
100 0%

100 0%

Note The body of this table shows the percent of all trips to each destinauon made by each mode ‘The bottom row
shows the percent of all trips by station-area residents destined to junsdicions  The last column shows the
percent of all trips by station-area residents by each mode

Modal Splits for Work Trips by Sacramento RT Station-Area Residents,

Mode
Auto
Raul
Other
TOTAL

Share of Work Trips

Table A4.9
by Destinations
Destination
All Share of
Sacramento Other All Trips
75 6% 95 4% 78 8%
184 26 161
60 20 51
100 0% 100 0% 100 0%
85 7% 14 3% 100 0%
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Table A4.10

Modal Splits for All Trips by San Diego Trolley Station-Area Residents,
by Destination

Destination

Share

El Cajon/ Chula Vista/ All of all

Modes San Diego La Mesa National City Other Trips
Auto 75 6% 85 2% 80 0% 98 4% 82 5%

Rail 232 96 180 08 140

Other 12 52 20 08 25
TOTAL 100 0% 100 0% 100 0% 100 0% 100 0%
Share of All Trips 34 9% 57 4% 26% 51% 100 0%

NOTE The body of this table shows the percent of all trips to each destination made by each mode The
bottom row shows the percent of all trips by station-area residents destined to jurisdicttons The
Iast column shows the percent of all trips by station-area restdents by each mode
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