
UC Berkeley
Earlier Faculty Research

Title
Ridership Impacts of Transit-Focused Development in California

Permalink
https://escholarship.org/uc/item/8sr9d86r

Author
Cervero, Robert

Publication Date
1993

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/8sr9d86r
https://escholarship.org
http://www.cdlib.org/


Ridership Impacts of Transit-Focused
Development in California

Robert Cervero

Working Paper
UCTC No 176

"l~e Univer~ity of California
Transportation Center

U~’aiverslty of Cahforraa
Berkeley, CA 94720



The University of California
Transportation Center

The Umverslty of Cahforma
Transportatlon Center (UCTC)
is one of ten regional umts
mandated by Congress and
estabhshed m Fall t988 to
support research, education,
and training m surface trans-
portation The UC Center
serves federal Region IX and

is supported by matching
grants from the U S Depart-
ment of Transportatmn, the
Cahfomla Department of
Transportation (Caltrans), and

the Umverslty

Based on the Berkeley
Campus, UCTC draws upon
erastang capabflmes and
resources of the Inslatutes of
Transportation Studies at
Berkeley, Davis, Irvme, and
Los Angeles, the Institute of
Urban and Regional Develop-
ment at Berkeley. and several
academic departments at the
Berkeley, Daws, Irvme, and
Los Angeles campuses
Faculty and students on other
Umverslty of California
campuses may partmlpate m

Center act~vmes Researchers
at other umversitaes within the

region also have opportunmes
to collaborate with UC faculty

on selected stuches.

UCTC’s educational and
research programs are focused
on strategic planning for
improving metropolitan
accesslblhty, with emphas~s
on the specmI conditmns an
Region IX Pamcular attention

~s directed to strategies for
using transportation as an
instrument of econormc
development, whale also ac-
commodating to the region’s
perststent expansion and
while maintaining and enhanc-
ing the quality of hfe there

The Comer &stnbutes reports
on Its research In working
papers, monographs, and m
reprints of published articles
It also pubhshes Access, a
magazine presentang sum-
maries of selected stu&es For
a hst of pubhcatmns in pnnt,
write to the address below

Unn, erslty of Califorma
Transportatmn Center

108 Naval Architecture Budding
Berkeley, Cahforma 94720
Tel 510/643-7378
FAX 510/643-5456

DISCLAIMER
The contents of this report reflect the views of the authors, who ~re

responsible for the facts and the accuracy of the mformahon or" s,e ’"d
hereto Tb~s document Js d~ssemmated under the sponsor%l~ O[ ,~,,

Department of Transportation, Umvers~ty Transportation Cente, s Prg~ m,
m the interest of mformat~on exchange The U S Government assun~es no

habfl=ty for the contents or use thereof.

The contents of this report reflect the wows of the author who is responsible
for the faets and accuracy of the data presented hereto The contents do not
necessardy reflect the official views or pohcms of the State of Cahform*t or the
U S Department of Transportatmn This report does not constitute a standard,
speclfieatlon or regulataon



Ridership Impacts of Transit-Focused Development
in California

Robert Cervero

Institute of Urban and Regional Development
Umverslty of Cahtbrma at Berkeley

Berkeley, CA 94720

With Research Assistance by Michael Carroll, Jason Munkres, and Joda Ketelsen

Workmg Paper
1993

UCTC No 176

The Umverslty of Cahfornla Transportation Center
Umverslty of Cahfomla at Berkeley



Table of Contents

Executive, Summary vii

Acknowh’dgements

Chapter One

Transit-Focused Development in California

1
2
3
4
5

Rationales, Issues, and Opportunities

Introduction
Transit-Focused Development m California
Expected Benefits of Transit-Focused Development
Opportunities and Barriers
Report Orgamzation

Chapter Two

Radership Impacts of Tranmt-Focused Development

1
2
3
4
5
6
7

8

Ewdence to Date

Introduction
Rtderslalp by Proxtmity m the San Francisco Bay Area
Rtdershlp by Proximity m the Washington, D C, Metropohtan Area
Rtdershlp by Proximity m Edmonton and Toronto, Canada
Other Work on Pedestrian Access
Summary Evidence on Radership and Walk Access by Dtstance
Research on Transit Demand and Transit-Linked Development
Macro-Scale Analyses
Research on Transit Demand and Transit-Iartked Development
Intermediate-Scale Analyses

10

10
10
11
13
14
15

16

17

Chapter Three
Study Mel~odology and Survey Approach

1 Introduction
2 Study Approach
3 Site Selecraon
4 Residential Surveys
5 Office Surveys
6 Retail ’,Surveys
7 Site Data Collection
8 Closing

20

20
20
21
22
35
37
38
38

Chapter Four
Travel Characteristics of Calfformans Living Near Urban Rail Transit Stations

1 Introductaon
2 Background Household, Demographic, and Employment Characteristics
3 Trip Characteristics of Station-Area Residents
4 Influences of Various Factors on Rail Transit Usage Among Staraon-Area Residents
5 Mode Choice Models for Raft Trips by Station-Area Residents
6 Mode of Access to and from Raft Stations
7 Changes m Commuting Behawor from Prior Residence
8 Conclusion

40

40
4O
42
54
63
69
71
74



Chapter Five
ravel Characteristics of Cahformans Working Near Urban Raft Transit Stations

1 Introduction
2 Background Household and Demographics Characterlstms

Trip Characteristics of Station-Area Workers
4 Factors Associated with Raft Pddership
5 Mode Choice Model for Rail Trips by Station-Area Workers

Mode of Access To and From Raft Stations
7 Travel Changes Over Tune

Midday Trips
9 Conclusion

77

77
77
79
84
91
95
97
97
100

Chapter Six
Modal Access to Retail Centers Near BART Stations

[ Introductton
2 Demographic Background

Comparison of Retail Centers’ Trip Characteristics
¯ i Influences of Various Factors on Raft Transit Usage
’5 Summm-y

102

102
103
104
109
113

Chapter Seven
Site Charactenstms of Sta~on-Area Developments and their Impact on Raft Pddership

1 Introductaon
2 Building a Database
3 Padershlp Gradmnts
4 Impacts of Physical Setting on Rail Modal Sphts
5 ConcAustons

114

114
114
116
122
126

Chapter Eight
Summary, Conclusmns, and Prospects

1 Summary
2 Conclusions
3 Prospects and Outlooks

128

128
131
133



Tables

"Fable No

2 1

2 2

3 1
3 2
3 3
3 4

zt 1
4 2
z~ 3

4 4
4 5

z:7
48
49
4 10
411
4 12
4 13
4 14
4 15
4 16
4 17

18

4 19

4 20

4 21
4 22
4 23
4 24
4 25
4 26

4 27

4 28

4 29
4 30
431
4 32
4 33
4 34

Modal Splits for Residential Developments Near Metroratl Stations,
Washington, D C, Area, 1987 11
Modal Splits for Office Developments Near Metrorad Stations,
Washington, D C, Area, 1987 12

Surveyed Residential Prolects 33
Restdential Site Response Rates 34
Ot~ce Sites Surveyed 36
OtIice Response Rates 37

Station-Area Household Characteristics 40
Station-Area Trip-Maker Demographic Characteristics
Station-Area Trlp-Maker Employment Charactenstms 42
Modal Splits for All Trips by St-anon-Area Residents 43
Raat Modal Splits for Residences Within One-Half Mile ofa BART Station,
19’90 Work Trips 44
Comparison of Work-Trip Transit Modal Splits Between Bay Area Station-Area
and Cltywlde Residents 45
Trxp Purpose for All Trips by Station-Area Residents 46
Trip Length, Times, and Speeds for All Trips by Station-Area Residents 46
Station-Area Resident Commute Trip Cost Characteristics 52
Transportation Policies at Station-Area Residents’ Workplaces 53
Influence of Household Sine on Modal Splits of Station-Area Residents, All Trips 54
Influence of Vehicle Availability on Modal Splits of Station-Area Residents, All Trips 55
Influence of Gender and Ethmcity on Modal Splits of Station-Area Residents, All Trips 55
Influence of Age on Modal Splits of Station-Area Residents, All Trips 56
Influence of Occupations on Modal Splits of Station-Area Residents, All Trips 56
Influence of Salaries on Modal Splits of Station-Area Residents, All Trips 57
Modal Sphts for Dtlterent Trip Purposes of Station-Area Residents 57
Comparison of Trip Lengths, Times, and Speeds Among Modes,
foi Surveyed Station-Area Residents 58
Comparison of Trip Lengths, Times, and Speeds Among Trip Purposes,
foi Surveyed Station-Area Residents 59
Influence of Workplace Transportation Policies on Modal Splits
of Station-Area Residents 59
Modal Sphts for All Trips by BART Station-Area Residents, by Destination 60
Modal Splits for All Trips by SCCTA Station-Area Residents, by Destination 61
Modal Splits for All Trips by CalTram Station-Area Residents, by Destination 61
Modal Splits for All Trips by Sacramento RT Station-Area Residents, by Destinations 62
Modal Splits for All Trips by San Diego Trolley Station-Area Residents, by Destination 62
Binomial Loggt Model for Predicting Lakehhood of Station-Area Residents
Riding Raft Transit, Work Trips and All Systems 63
Binomial Logct Model for Predicting Iakehhood of Station-Area Residents Riding
Rad Transit m the Bay Area, Work Trips and BART, CalTraln, and SCCTA Systems 67
Bmomlal Loglt Model for Predicting Ltkehhood of BART Station-Area Residents
Riding BART, Work Trips 68
Dlstnbutaon of Mode of Access from Home to Raft Station, All Trips 69
Dvitnbutaon of Mode of Access from Raft Station To Workplace, All Trips 70
influence of Trip Purpose on Mode of Access from Home to Raft Station, All Trips 70
Influence of Trip Purpose on Mode of Access from Raft Station to Workplace, All Trips 71
Travel Tunes for Station Access, All Trips 71
Comparison of Current Mode for Work Trip and Usual Mode at Prior Residence 72

111



-~35
4 36

5 1
5 2
5,3
54
5,5
5,6
5,7
5,8
59
5 10
5 11
5 12
5, 13
5, 14
5, 15

5, 16
5 17
5 18
5, 19
5 20
5 21

5 22
5 23
5 24
5 25

5 26
5 27
5 28
5 29
5 30
5 31

6 1

6 2
6 3
6 4
6 5
6 6
6 7
6 8
6 9
6 I0

7 1
7 2
7 3
7 4

8 1

Influence of Prior Commuting Mode on Current Communng Mode 73
Comparmon of Former Distance and Time Between Prior and Present Residence 73

Station-Area Worker Household Characteristics 77
Stat,on-Area Worker Soc,odemographlc Charactenstms 78
Station-Area Worker Employment Charactenstms 78
Mode Spl,ts For Station-Area Workers 79
Trip Lengths, Times, and Speeds for alI Trips by Station-Area Workers 80
Station-Area Worker Commute Trip Cost Characteristics 83
Workplace Transportation Policies 84
Influence of Household Sine on Modal Splits of Statlon-Area Employees 84
Influence ofVehmle Avatlabthty on Modal Splits of Station-Area Employees 85
Influence of Gender on Modal Splits of Station-Area Employees 85
Influence of Age on Modal Splits of Station-Area Employees 86
Influence of Occupation on Modal Splits of Station-Area Employees 86
Influence of Annual Salary on Modal Splits of Station-Area Employees 86

Comparison of Trip Lengths, Times, and Speeds Among Modes 87
Influence of Workplace Transportation Policies on Modal Splits
of Station-Area Employees 88
Modal Splits for Work Trips by BART Area Workers by Ongm 89
Modal Splits for Work Trips by SCCTA Area Workers, by Origin 89
Modal Splits for Work Trips by CalTram Area Workers, by Orlgm 90
Modal Splits for Work Trips by Sacramento RT Workers, by Origin 90
Modal Splits for Trips by San Diego TroUey Area Workers By Origin 91
Binomial Logat Model for Predicting the Iakehhood of Station-Area Workers
Commuting by Raft Transit, All Systems 92
Distribution of Mode of Access from Home to Raft Station, Commute Trip 96
Distribution of Mode of Access from Raft Station to Workplace, Commute Trips 96
Travel Times For Station Access, Commute Trips 96
Comparison of Current Mode and Usual Mode at Prior Workplace
for Those Iavlng at Same Residence 97
Mode of Midday Travel, by System 98
M~dday Trip Purpose, by System 98
M~dday Modal Splits for Different Trip Purposes for Station-Area Workers 99
One-Way Midday Trip Distance, Time, and Speed, by System 99
MJtdday Trip Characteristics by Mode 100
MJtdday Trip Dmtance, Time. and Speed for Different Purposes 100

Demographic Characteristics of Those
Surveyed at Three Bay Area Shopping Centers 103
Mode of Access to Retail Centers 104
Primary Purpose of Trip to Retail Center 105
Distance From Last Place Visited to Retail Center 109
Place of Ongm for Trips to Retail Center 109
Modal Sphts for Different Demographic Groups of Surveyed Shoppers 110
Modal Splits for Different Purposes for Coming to the Shopping Center 110
Purpose Of Trlp By Mode Per Mall 111
Modal Splits for Different Trip Distance Categories 112
Modal Splits for Different Trip Origins 112

Recorded Walking Distances from Residential Sites to Nearest Station 117
Recorded Walking Distances from Office Sites to Nearest Station 120
Significant Predictors of Ra~ Transit Modal Splits Among Residential Sites 124
SIgn~cant Predictors of Rail Transit Modal Splits for Work Trips Among Office Sites 125

Estimated Share of 1990 Commute Trips
by Station-Area Residents of the Three BART-Served Counties 132

IV



Figures

.Flgu re No

2 1 Ernpmcal Evidence on Rtdershlp by Distance

4 7

Time of Day of Departure All Trips, Residential Survey
Time of Day of Arriwad All Trips, Residential Survey
Time of Day of Departure by Raft System All Trips, Residential Survey
Time of Day of Departure by Mode All Trips, Residential Survey
Time of Day of Departure by Trip Purpose All Trips, Residential Survey
Swnulation 1 Sensitlvity of Pad Usage to Parking, Destination,
and Vebacle Availability
Simularaon 2 Sensitmty of P, ml Usage to Parking, Destmauon,
and Vehmle Availability

5 1

5 2

Sv’nulation 1 Sensm~aty of Rail Rtdershtp to Parking, Origin,
and Vehmle Avatlabdlty
Simulation 2 Sensitivity of Rail Rtdershtp to Parking, Origin,
and Vehicle Avmlabdity

-r 1

7 2

7 3
"z 4

Raft Mode Share by Dtstance to Residential Sites, California Systems
Rail Mode Share by Distance to Residential Sites,
Comparison of Calfforma and Other Systems
R2M Mode Share by Distance to Office Sties, California Systems
R2al Mode Share by Distance to Office Sties,
Comparison of California and Other Systems

16

47
48
48
49
49

65

66

93

94

118

119
122

123

V



Maps

.~No

3 1
3 2
3 3
3 4
3 5
3 6
3 7
3 8
~9
5 I0

Surveyed Residential Sates, BART System
Surveyed Residential Sites, CalTram System
Surveyed Residential Sites, Santa Clara County Light Rad System
Surveyed Resldenraal Sites, Sacramento Iaght Raft System
Surveyed Residentaal Sites, San Dingo Trolley System
Surveyed Work Sites, BART System
Surveyed Work Sates, CalTram System
Surveyed Work Sites, Santa Clara County Light Raft System
Surveyed Work Sites, Sacramento Light Raft System
Surveyed Work Sites, San Diego Trolley System

,i 1

~2

Ongm-Destmauon Patterns for Automobile Trips by Sampled Station-Area Residents
in the San Francisco Bay Area, All Trips
Origin-Destination Patterns for Pad Trips by Sampled Station-Area Residents
m the San Francisco Bay Area, All Trips

51

52

Ortgm-Destmatton Patterns for Automobde Trips by Sampled Statton-Area Workers
m the San Francisco Bay Area, Work Trips
Origin-Destination Patterns for Rail Trips by Sampled Statton-Area Workers
in the San Francisco Bay Area, Work Trips

61
62

63

SFCentre’s Marketshed
Bayfatr’s Marketshed
Eli Cerrlto’s Marketshed

23
24
25
26
27
28

29
30
31
32

50

51

81

82

106
107
108

Vl



Ridership Impacts of
Transit-Focused Development in California

Executive Summary

l. Introduction

Bllhons of dollars have been and are being spent on urban rail transit in Cahforma, yet the

last 20 years have seen the private automobile increase its market share of travel at the expense of

pubhc tr~nsportatlon Between 1980 and 1990, for instance, transit’s share of commute trips fell

trom 5 4 percent to 4 8 percent in greater Los Angeles and from 11 9 percent to 10 0 percent m

the San Francisco Bay Area.

One possible strategy for reversing this trend would be to concentrate more housing and

workplaces around rail stations mthat is, put more of the ends of the commute trip, home and

work, near transit Besides increasing transit ridership, other secondary benefits might accrue

improved air quality (especially to the extent short park-and-ride trips are converted to walk-and-

tide), higher revenues (not just from farebox returns but possible joint development programs

like air nights leasing), inner-city redevelopment and increases in affordable housing, and mfiU

development and more efficient urban form

C:diforma has already made considerable headway in achieving transit-focused development

To date, fi~r instance, the BayArea Rapid Transit (BART) District has negotiated several joint develop-

ment deals with private builders to construct mid-rise housing complexes on existing parking lots

.~tt the El Cerrlto, Pleasant Hill, and Hayward stations Whim traditionally viewed 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 is relatively cheap to build upon.

Other factors working in favor of transit-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 dem~mes, and exclusionary practices, hke fiscal zoning, that keep out apartments

This report examines evidence on the degree to which existing large-scale developments

near rail ~,,tations in Cahforma have encouraged transit usage Pddership patterns are studied for

housing, office-workplace, and retail developments In addition 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 quesnons A 1991 survey of residents hvang in four

large apartment complexes within one°third mile of different East Bay BART stations found that 38

percent regularly commuted by BART More m-depth surveys were conducted in 1987 and 1989 on

the ridershlp profiles of large-scale developments near Metrorall stations in the greater Washington,

D C, area For residential projects, shares of work trips taken by rail ranged from 18 to 63 percent

FcLdershlp 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 Metrorall, location and time of trip were the most important deterrmnant of

mode choice--well over 50 percent of shop trips made to large downtown retail stores or made

to other close-by malls during the midday were by Metrorall

Another Important earher study on this topic was conducted in Toronto and Edmonton,

Canada For transit-focused development m these two cities, even higher rail modal sphts were

found than in Washington, D C Additionally, 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

~,alkmg distances can be stretched considerably (perhaps as much as doubled) by creating pleasant,

interesting urban spaces and corridors

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 he within two-thirds of a mile from stations, and

ideally within the more wa|kable distance of one-third mile, and (2) minimum size the foUowmg

thresholds had to be met m residential (75 dwelling umts), office (10,000 square feet or 100 employ-

ees), and retail (400,000 square feet) Candidate sites were screened for the following five Califorma

raid systems BART, CaiTram, and Santa Clara County Transit (SCCTA), Sacramento Transit (ST),

and San Diego Transit (SOT) These systems represent a mix of rail technologies BART~ heavy

rail, CalTram ~commuter rail, and SCCTA, ST, and SDT~hght rail In ald, 27 residential projects

located near 20 different rail stations were surveyed. Surveys were mailed to all households at these

sites, ehcitmg data on "main" weekday trips made by persons 16 years and above° The response

rate 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 in

Cahfornia, representing 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

VIII



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 slgmficant 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

Cahforma rail stations are fairly auto-dependent--over 75 percent rehed on a car,

either as a driver or a passenger, for their primary trips

¯ Rail captured 19 percent of work trips made by station-area residents, and in the case of

BART, 33 percent This is much higher than the three BARToserved counties’ rail modal

spht of 5 percent for work trips in 1990 It is also considerably higher than the 1990

average of 17 8 percent for all Bay Area residents hying within one-half mile of a BART

station. For each Bay Area city served by BART, residents hying near rail stations were

around five times as hkely to commute by rail transit as the average resident-worker in

the same city

¯ The strongest predictors of whether stanon-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 availabihty of

employer-paid transit allowances If station-area residents work in San Francisco for an

employer who charges for parkmg and they receive a transit voucher, there is over a 95

percent chance they will commute by BART. If the same conditions hold and they work

in Oakland, the probabihty falls to 64 percent, and for most other BART-served destina-

tions, the odds are in the 10 to 15 percent range And iftheywork at a destination beyond

normal walking distance from BART and receive free parking, there is only around a 2

percent chance theywlU commute by rail Clearly, if transit-based housing is to produce

meamngful mobthty 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 raft. A majority of current rail users, however, prevxously 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 prochvaty to patronize rail transit

Also, the decision to rent or buy a home near a rail station rmght have been influenced

by a desire to commute to work by rail transit



5.

® As might be expected, the vast malonty of those residing near rail accessed nearby stations

by foot--around nine out of ten Once they reached their emt stauon, around three-

quarters walked to their destmauons

o Households near rail stauons were smaller in sine (average = 1 89 persons) and owned

fewer vehicles (average = 1 53 cars or trucks) than other households m the respective

metropohtan areas

Transit-Focused Workplaces

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

e The average rail modal splat 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 Cahforma rail stations were 2 7 times more

likely to commute by rail than the average worker in the cities studied

. The strongest predictors of whether stanon-area workers commuted by rail was whether

they resided in a rad-served city, could park free at their workplaces, and had access to

a private vehicle Living m a BART-served city, for instance, increased the likehhood of

station-area workers commuting by BART by 40 percentage points, all else equal Free

parking reduced the hkehhood by around 20 percentage points Rail commuting also

increased with commute distance and the availabihty of a transit allowance (when com-

bined with prod 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 tn reasonably close proxttmty to a station for there to be high levels of

rail travel That is, trans|t-based workplaces require transit-based housing if rail travel

is to seriously compete with the private automobile

¯ Of station-area workers who previously worked at a location unserved by rual but within

the same metropolitan area, only around 31 percent commuting by rail now used it before

From this, one can refer that working near a rail station raises the likelihood of commu-

ting by rail by 30 or so percentage points, all else being equal

¯ 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 midday-

trips, on the other hand, reduced the odds that station-area workers commuted by rail

¯ Among station-area workers who commuted by rail, shghtly more than 50 percent park-

and-rode at the originating station Around one out of five reached the station by foot

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



6. TranMt-Focused Retail Centers

The following results were obtained for the three large Bay Area shopping complexes located

within a quarter-rmle ofa BART station SFCentre is located in the heart of downtown San Francisco’s

retail district where parking is expensive and transit servmes are superior to anywhere else in the

region Both El Cernto Plaza and Bayfair shopping center are large enclosed complexes in the East

Bay, surrounded by free parking

o 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

o SFCentre’s relanvely 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 ethmc minorities

7. Influences of the Built Environment

The relationships between transit rtdershlp and the site and neighborhood characteristics

of the 27 residential and 18 workplaces were also explored. The following was found

¯ 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

¯ For offices, the ridership 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

. In general, ridershtp gradients for Cahfomia transit-focused projects were flatter and lower

than those found in previous studies forWashmgton, D.C., Toronto, and Edmonton This

is hkely attributable to the greater abundance of park-and-ride facilities at California sta-

tions, differences in urban form, and the higher degree of workplace primacy (i e, larger

,downtowns) in these other cities.

¯ .A~nong land-use variables studied, ridership for transit-based housing projects was most

,.strongly related to neighborhood density and proximity Mixed land uses and various

]ndmators of "walking quality" were not significant predictors of transit modals splits

among residential sites Thus, wtthm a one-half rmle 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 hke bhght or high crime rates

Xl



o For office developments, proxamtw and areawide densities were the two dormnant site-

related factors influencing rail usage For every" additional 100 employees per acre, rail

rldership rose 2 2 percent Mixed uses and measures of envaronmental and walking

quahty were not slgmficant predictors of the share of station-area workers who commu-

ted by rail

Overall, it is the "clustering" (i e, close proxtmaty and higher densities) of residences and

workplaces near rail stations that has the biggest influence on travel behawor among all

land-use factors Factors hke levels of mixed uses or quahty of walking environment have

a neghgible mfluence As long as development is geographically close and oriented

toward a rail station, reasonable shares of residents and workers will travel by rail To the

degree both ends of trips are clustered around a rail station, the odds of travehng by rail

transit increase sharply

8. Conclusions

The principle conclusion of thls research is that if transit-focused development is to reap sig-

ruficant mobihty and environmental benefits, then most kinds of trip origins and destmanons must

be clustered around rail stations Havang transit-based housing does httle good tf most job growth

occurs outside of CBDs or far removed from rail stauons-- such as m suburban office parks and

highway corridors Likewise, rail-served shoppmg centers will attract relauvely few transit users if

most residences and workplaces are not oriented to transit In short, a variety of urban acuwttes

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 decentrahzauon We can conclude, then, that for rail transit

to work effectively, metropohtan areas need a mulu-centered urban form that is fed by an efficient

transit system --that is, they need to be more like some of the world’s most successful transit metrop-

ohses, such as Stockholm and Toronto In addition to clustered development around rail stations,

other complementary pohcies and programs need to be in place w 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

to transit.

The ability of transit-focused development, by itself, to produce significant regional mobility

xs clearly hmited. For example, only 8 9 percent of residents from the three BART-served counties

Lived within one-half mile ofa BART station in 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-

btng or even tripling the amount of transit-based housing would clearly have a modest impact on

regional traffic and environmental condmons, in and of itself However, were these efforts comple-



rnented by more transit-based workplaces and restraints on private automobile usage (mainly in

the form of mandatory parking charges and bridge tolls), the moblhty and environmental impacts

of concentrated development around BART stauons would hkely be sigmficant 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 alternatlves

to the drn;e-alone automobile
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Chapter One

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

1. Introduction

Over $6 billion has been invested in urban rall transit in Cahfornia over the past 20 years,

and another $7 5 bilhon is committed to projects in various stages of planning and development

Metropolltan Los Angeles-Long Beach, Sacramento, San Diego, and San Francisco-Oakland-San Jose

have bulllc rail transit systems in recent decades not only in hopes of enhancing regional mobihty

but also to reduce air pollution and fuel consumption and to guide urban growth

Transit, of course, only produces mobihty and environmental benefits if people switch from

driving cars to riding trains and buses. Many factors, however, are eroding transit’s ridershlp base

--rapid suburbamzatlon in particular, much of which is focused on highway corridors Nauon-

wide, transit ridership fell from 6 4 percent of all commute traps in 1980 to 5 3 percent in 1990

(Plsarski, 1992). Among suburban residents commuting to work, moreover, transit’s market share

feU by 2 1 percentage points during the 1980s in the 25 largest U S metropohtan areas (Cervero,

1993b) While transit traps rose in absolute numbers in Cahforma between 1980 and 1990 (one 

the few states where this was the case), transit’s share of comanute trips fell in all metropohtan areas

greater Los Angeles m5 4 percent to 4 8 percent, San Francisco Bay Area m 11.9 percent to 10 0

percent, San Diego m3 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 California and the bd-

hons more’ currently in the pipehne, these trends are worrisome. California pohcymakers must

re’spond cteauvely to reverse transit’s downward dechne One possibdity is to create attractive

hying 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-

ti2tlly more Cahformans will patronize mass transit remains unclear, however. Can transit-focused

development help counter the many factors, such as rapid suburbamzation and free parking, that

are attracting increasing numbers of Californians to their private automoblles~ Will it have any

meaningful’ effect on transit radership, regional mobility, and environmental quahty~ Do the charac-

terisucs of the built environment around suburban transit stations, such as density and degrees of

land-use m’octures, make any difference? This report aims to shed hght on these and other pohcy-

relevant questions about transit-focused development in Cahforma

The primary purpose of this research is to document the ndership impacts of existing resi-

dential, office, and retail developments near the stations of five rail transit systems in Cahforma--



Bay Area Rapid Transit (BART), Santa Clara Light Rail Transit, Peninsula CalTram, Sacramento

Regional Transit, and San Diego Trolley Among California’s urban rail systems, these have been

lJ’~ operation the longest and thus prowde a context for studying the ndership impacts of transit-

based development around more mature station environments 1 Moreover, they span a range of

rail transil technologies --heavy rail (BART), commuter rail (Peninsula CalTram), and hght 

(,Santa Clura, Sacramento, and San Diego) 2 The report goes well beyond describing ndership

impacts, however It also examines how ridershlp varies among different SOClOdemographic and

wtp-making submarkets, and analyzes factors that influence rail users’ modes of access Also, the

effects of the budt environment-- such as density, land-use mtxtures, and levels of amemty-- on

t]ae ndershlp characteristics of transtt-focused development are studied

2:. Transit-Focused Development in California

In~erest In clustering housing and commercial development around rail transit stations has

gained momentum m recent years Rail transit agencies like BART and San Diego’s Metropohtan

Transit Development Board (MTDB) see an opportumty to jointly develop land holdings around

stations, including park-and-ride lots, in association with private real-estate developers, hopefully

earning lease income and generating new patronage m the process To date, BART has negotiated

several iomt development deals with developers to build mid-rise housing complexes on existing

parking lots at the El Cernto, Pleasant Hdl, and Hayward BART stations Rising land values and

pressures for affordable housing have prompted BART to seriously consider converting parts of its

vast inventory of park-and-ride lots to mid-rise housing These projects may eventually lead to

num-communmes mushrootmng around dozens of BART stations, as was envisaged when BART

was originally conceived over 40 years ago

Plenty of building activity can also be found around other rail stations tn Cahforma 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 Mdl Shopping Center Santa Clara County’s light-

tad stations have attracted several "trandonunium" 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-

mtmum projects that the developers have had to resort to waiting hsts. As part of Santa Clara

County’s Housing Imtiauve Program, plans are underway to eventually build over 13,700 units of

moderate-density housing (at 12 to 40 dwelhng units per acre) near light rail stations San Diego

has already seen a flurry of recent apartment construction along the new El Calon extension,

including 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 rad-based housing and mixed-use projects,

e:spectaUy in Cahforma These design motifs aim to reduce auto-dependency by creating attractive

2



environments for walking and using transit The TNDs of architects Andres Duany and Elizabeth

Plater-Zybeck borrow the successful elements of traditional 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

Jhousmg (Lerner-Lam et al, 1992, Beimborn and Rabinowltz, 1991)

In Cahforma, Sacramento County has most aggressively pursued transit-oriented develop-

merits (TODs), which have become the cornerstone of the county’s updated General Plan The

]Plan expiessly aims to "promote strong hnkages between transit and land use by facihtatmg the

development of higher residential densmes and commercial intensities at transit stops and along

1 ransit corndors " One master-planned new town, Laguna West, is being built as a TOD, incorporat-

ing a feeder bus line which nught one day be replaced by the extension of Sacramento’s light rail

,~ystem Laguna West’s architect Peter Calthorpe designed the commumty so that over 80 percent

of residents would be within a one-quarter-mile walking distance of a transit stop

Developers, ~t should be stressed, are not being coerced into transit-based developments

AU are wllhng partners, seeing an opportunity to till a new market ruche-- providing moderate-

priced housing with superb regional accessibility In addmon to transit agencies and developers,

local governments are an important player in promoting transit-focused development. The cities

of Hayward, Union City, El Cernto, and Pleasant Hill have recently formed redevelopment districts

around BART stations for this 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 mulu-famtly 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 residentml 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 rml

transit stations have undertaken major planning acuvities to attract development around stations,

2xld 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

hkely heighten interest In transit-based development The 1991 national surface transportation

act (ISTF2k) and federal and state air quahty regulations stress the importance of increasing transit

rtdership in major urban centers ISTEA requires state departments of transportauon and metro-

politan planmng organizations (MPOs) to assess transportation and land use decisions in relation 

one another The recent Americans with Disabilities Act (ADA), moreover, will likely work toward

closer physical integration of transit facilities and surrounding commumties so as to guarantee

everyone ,equal access to rail transit facilities



Ca&forma has emerged as a nauonal leader in leglslatmg and promoting stronger hnkages

between transportation and urban development As part of the legislative package for Proposmon

111 (which increased the state gas tax), Cahforma recently enacted AB471 that requires all crees and

urban counties to prepare a Congesnon Management Plan Akeycomponent of this plan is a reqmre-

ment that localland-use decisions be assessed m terms of how they will affect regional transportation

s},stems Cahforma’s stringent air quahtT reqmrements have also pressured severe non-attainment

areas hke Los Angeles County to more closely integrate land use and transportation planmng

I,adeed, one of the principal justifications for Los Angeles’s new rail system and BART extensions

has been 1to reduce mobile sources of air pollution Clearly, these investments will only impact air

qtuahty if t hey induce significant numbers of motorists to switch over to transit riding This wiU

depend, in part, on creating denser, more mixed-use nodes of development around existing rail

statlons

3,. Expected Benefits of Transit-Focused Development

The primary benefit of having more of Cahforma’s urban development focused around rail

t’ransit stations is that transit usage would likely increase as a result Declphermg "how much" is

t]he principal focus of this research

The spin-off, or secondary, benefits from converting more urban travel to pubhc transit

have partmular pohcy appeal Among the likely secondary benefits are

Improved mobility and environmental condztzons Rtdership increases could reheve traf-

fic congestion along roads paraIiehng rail transit hnes and reduce automotive tailpipe emissions

Pl:tcmg more housing and jobs near rail stations could further reduce air polluuon by con-

vetting some park-and-ride and kiss-and-ride trips to walk-and-ride Currently, an estimated 80

percent of suburban Bay Area residents who ride BART access stations via private automobile

(;Sedway and Associates, 1989) These suburban transit users do httle to improve air quality and

conserve fuel, since emission and fuel consumption rates are relatively high for short automobile

tl-tps due lco cold starts and hot evaporative soaks For a five-mile journey, the typical distance of a

park-and-ride trip to a rail station, around 85 percent of hydrocarbon emissions are due to cold

s~tarts and hot soaks (Cameron, I991) All of California’s large crees currently exceed federal and

s tare clean air standards for ozone and carbon monoxide. To the degree transit-based develop-

ment induces more walk access, it could yield important air quahty benefits

Increased transit revenueyzelds Higher ridership would mcrease farebox income, thus

reducing the rehance of transit agenoes on operating subsidies Income can also be generated

fi om land and air rights leases, station cormecuon fees, benefit assessments, and other forms of

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



~,,tatlons are capttahzed mto higher land values and rents, governments should also receive more

property tax and value-added income

Increased stock of affordable housing All Cahforma metropolises suffer from a shortage of

2tffordable housing, forcing many moderate-income people, younger fatrahes, and first-time home-

buyers to reside on the exurban fringe Should the supply of affordable housing available to Bay

.Aa-ea work ers be largely limited to the Central Valley when there are vast amounts of open, devel-

opable land around some BART stations~ Increases in allowable residential densities around rail

stations could lower unit housing costs in addition to reducing transportation costs With less depen-

dency on car transport, some farmhes trught no longer need to own a second car, for example.

Other social benefits In addition to responding to Cahfornia’s most serious housing

dMemma ---the lack of affordable shelter-- transit-based development could be a catalyst to redeveI-

opmg depressed and marginal inner-city neighborhoods An aggressive program of transit-oriented

development, in combination with other social programs hke job training, could encourage more

private investment in Amerma’s urban centers Transit-focused development would also provide

more bye-travel options for older Americans and empty-nesters, disabled persons, and other transit-

needy groups Rather than hying m an auto-oriented suburb, more Americans tmght opt to reside

m a transit-oriented urban setting ff given a choice

More effzcient urban form Transit-focused development would also promote infilhng and

help to preserve natural resources, including open space and agricultural land Physical and social

lrffrastructure costs could also be contained to the extent that urbanization becomes more inward-

focused and less dispersed.

In summary, transit-focused development offers an opportumty to help redress some of the

state’s and the nation’s most pressing urban and transportation problems, including mr pollution,

lack of affordable housing, traffic congestion, inner-city distress, physical barriers to mobihty, and

costly sprawl These secondary benefits will be limited, of course, by the degree to which resi-

dents, wotkers, and tenants of station-area developments actually patronize transit~ the primary

benefit of transit-focused growth

4.. Opportunities and Barriers

Qpportunities

As discussed previously, recent state and federal initiatives, like the clean air programs, have

created a legislative environment that is conducive to transit-oriented development Market trends

succh as overbuilt commercial space and the need for more affordable housing have also favored put-

tmg housing near rail stations, which was referred to at a recent Urban Land Institute conference as

the "roche real estate market of the I990s " Transit agencies and land developers have both moved up



the learmng curve based on experiences with commercial joint development during the 1980s, which

should ease the negotiating process for housing joint development schemes now and in the future

Axe, other set of inducements to translt-focused development are the many incentives govern-

n’~ents have at their disposal, including tax-exempt financing, zoning variances, redevelopment

powers, density bonuses, impact fee credits, and reduced parking requirements It is government’s

ability to assemble land, such as through land banking, eminent domain, or redevelopment takings,

and thus help write down costs, that is most appeahng to prospective real estate developers

(Bermck et al, 1993) For many transit agencies, surface parking lots that enclrcle stations are

their biggest development asset Parking lots represent large tracts of pre-assembled, cleared land

that is relatively cheap to build upon Importantly, developers do not have to bear the risk of

negouatmg land purchases among multiple property owners, any one of whom can hold out,

thereby dooming a project To date, BART has negotiated wlth developers to build apartments on

existing park-and-ride lots at three stations m response to nsmg land values, local interest m rev~tal-

~’mg station 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

r;ul transit stations in crees 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 metropoh-

tzLn government used eminent domain rights to acquire some 18 extra city blocks along the Yonge

Sl.reet subway corndor, land that was later leased or sold to residential and commercial develop-

ers In the U S., state and federal laws prohibit excess land acqulsinons~ pubhc agencies can exer-

cise eminent domain powers to condemn land that ts directly related to the provision of a pubhc

facihty As station areas mature, however, transit agencies may be in a position to build upon sur-

face parking lots, achieving results slnailal- to land bankmg over time The opportunity for reusing

p:~rk-and-rtde facihties is greatest at terminal stations that are slated to become intermediate sta-

tions as a result of hne extensions Such was the case at the Ballston Station in Arlington, Vlrglma,

after Washington Metrorail’s Orange Line was extended into Fairfax Count),. When a major bus

transfer facility was relocated to the new terminus, the Washmgton Metropohtan Area Transit

Authority (WMATA) negotiated a long-term lease with a developer who built a 28-story office-

residential retail complex on the land that was freed up

Barriers

Working against these opportumtms for transit-based development are a number ofsetaous

obstacles Some are economic, some are pohucal, and some are structural in nature

Among the economic barriers are questionable market vlabihty, tight credit, and potentially

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



mg IndustryAssociation of Northern Cahforma 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 aL,,o fear transit’s presence will reduce the marketabihty of their projects, especially along lines

that connect to poor tuner-city netghorhoods One developer of a mixed-use project near the

trolley line in San Diego remarked at a recent American Pubhc Transit Association (APTA) confer-

ence that he would not lease to prospective tenants who were seeking space expressly to be near a

trolley stop because of potential security and image problems The clear inference was that the devel-

oper dldL not want a tenant whose clients rehed heavily on transit, typmally inner-city residents

Class confhcts are no doubt at the subsurface of some transit-related development decisions

Institutional inertia also stands in 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 cr~ists, many of today’s lending institutions are hesitant to provide construction or perma-

nent financing for large-scale developments, hke transit-based housing, that have no proven track

record Banks, moreover, typically resist efforts to provide below-standard parking, even when

superb quahty transit services are available Developers themselves are today more risk-averse, no

longer able to take advantage of the real estate tax 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-

ttonal dc.welopment as private passageways (and thus not ehgible for state fundmg 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 hable in the event of road accidents

Higher-density development also raises construction costs, especially when structured

parking is required And developments near rail transit stations sometimes require additional

outlays for security and hability insurance, further raising costs. Such add-ons work against the

goal of providing more affordable housmg 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

goverrmaents are unable or unwilling to give

Among the political barriers to transit-based development is neighborhood resistance to

higher density construction and fiscal zomng For instance, residents around BART’s Rockndge,

Concord, Ormda, and North Berkeley stations have over the years pressured their respective city

council.,, to downzone their neighborhoods to prevent any intensification. Most viewed new pros-

pectlve 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
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Several structural barriers have also hmited the amount of residential and commercml con-

structlon near Cahforma rail stations Man)’ rail stations are m the medians of freeways (e 

BART’s Concord hne) or situated along former freight hnes that traverse industrial belts with

modest development potential (e g, San Diego Trolley’s South line) Such areas are often unap-

pealhng for housing development and bereft of neighborhood character and urban amenities

Lastly, the United States lacks prototypes of successful transit-based suburban developments that

developers could emulate

Pubhc Policy

To the extent that transit-based developments provide demonstrable pubhc benefits, an

Jmportant role for public pohcy will be to capttahze on the opportunities for such projects and to

".menuate 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 station, thus rehexang the private sector of some development fees

"[’he city of San Jose recently wrote down the land costs and loaned money for the underground

parking structure for Ryland Mews, a 130-umt condotmmum project now under construction near

the Japantown Light Rail station

Neigborhood and NIMBY opposition to station-area development can be quelled by mvolv-

mg local 1residents in the decision-making process early on and through negotiations that promise

neighborhoods something in return for accepting higher density housing A quidpro quo might

be to match infilhng and denslficauon with additional amemtles, such as the enlargement of civac

spaces or improved pubhc landscaping Commumty leaders might also be introduced to success-

ful transit-based developments to help allay their fears. For example, an affordable Bay Area hous-

i ng project built by Bridge Housing Corporation won neighborhood approval after the developer

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

5. Report Organization

The remainder of this report examines the degree to which existing large-scale develop-

ments near rail stations in Cahforma have encouraged high levels of transit usage. In addition to

q[uantifying the transit ridershlp characteristic 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 ridership impacts of

transit-focused development, drawing upon research findings from earlier studies done in the

greater Washington, D C, area, Canada, and California Chapter Three outhnes the methodology
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and analync models used in this research Attention is given to the describing survey instruments

,and the sampling frame used in the research

Chapters Four through Six present the empirical findmgs on the ridershlp characteristics of

differem land uses around Cahforma rail stations Each chapter similarly characterizes the socio-

economm and trlp-making profiles of station-area developments Tr, ps are defined with regard to

purpose, mode, time-of-day, length, travel time, and origin-destination pattern Models that explam

~rariauon in modal splits and other trip-making behavior are also presented Analyses are carried

out on how ridership varies with distance from rail stations and on how customers access stations

Chapter Four presents these materials for the residents of 27 transit-based housing projects surveyed

in Cahfornia Chapter Five complements this with an analysis of transit-based office projects And

Chapter Six 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 sphts vary by such factors as density, levels of land-use rmxtures, origm-destlnauon trip

patterns, and neighborhood walking characteristics

Chapter Eight concludes the report with a summary of key research findings, pohcy recom-

mendauons, and suggestions for future research An extensive appendix (consisting of the survey

instrument and more detailed statlstmal findings) and btbhography can be found at the end of the

report

Notes

X’rransit operaraons commenced as follows BART --I972-73, Santa Clara LRT -- 1987, Peninsula Ca]Tram
maround 1910, San Diego Transit ~1981, and Sacramento Regional Transit ~1987 Although new raft

services have been introduced m Los Angeles County over the past few years, transit-based developments
were not studied there since the system ts m its 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 Muni’s LRT was not included m this analysis since San Francisco is highly urbanized
and built-up and averages comparatively high transit ridersh,p levels Since Muni’s operating environment
,s more sLmflar to many large eastcoast citaes than to most of California, the relataonship between Mum’s
ndership ,and nearby development was not examined m this work

2Only developments around the stations of mtrametropohtan rail systems were studied rater-city passenger
raft systems, such as Amtrak services between Los Angeles and San Diego or between Oakland and
:Sacramento, were not included m the study
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Chapter Two

Riderskip Impacts of Transit-Focused Development:
Evidence to Date

1. Introduction

Sk~ date, several studies have been conducted which examine the transit ridership character-

|sties of housing and commercial projects located near rail transit stauons This chapter summarizes

the findings of these earher studies, setting a benchmark on what we presently know Empirical

findings from the San Francisco Bay Area, Washington, D C, area, and several Canadian crees are

reviewed The hterature on two other related sublects is also briefly summarized how far pedestri-

~ms will waLk to stations, and the effects of land-use environments on transit usage

2. Ridership by Proximity in the San Francisco Bay Area

So far, only informal surveys have been carried out on the ndership profiles of residents who

iJlve near BART stations A 1991 study (Bernlck and Carroll) interviewed residents hwng in four large

apartment projects within one-third mile of four different East Bay BART stations Treat Commons

(Pleasant Hill station), the Verandas (Umon City), Mission Wells (Fremont), and the Foothills 

Fiayward) Densities in these projects ranged from 30 to 50 dwelhng 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 1 This is much higher than the 9 5 percent transit modal split for commute trips made

by the Bay Area work force in 1990 (Metropolitan Transportation Commission, 1992)

The 1991 survey found httle relationship between distance to the station and transit modal

sphts for housing within the one-third-rmle 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 sphts

were Ver.’mdas (700 feet away) --41 I percent, Foothills (450 feet away)-- 42 percent, and Mlss~on

Wells (1,200 feet away) ~27 6 percent 2 This analysts also found that not only did residential loca-

t,on influence transit ndershtp, but the rail system also influenced residential location 44 to 62

percent of people surveyed cited BART as a "main" or "major" factor m choosing their residence

Another earher informal survey conducted m 1989 found a similar transit capture rate for

housing near BART stat,ons Conducted by Sedway and Associates (1989), the survey of residents

who hved close to three suburban stations on the Concord hne (Concord, Pleasant Hill, and Walnut

Creek) found that 35 to 40 percent used pubhc transportauon This survey asked only if the rest-

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 raft rldershlp for developments near urban rail

stations was conducted in the Washington, D C, area in 1987 and 1989 byJHK & Associates Four

types of nearby land uses were examined residences, offices, retail, and hotels Like this study, only

[arge-scalte projects (e g, residential buildings with 75 or more dwelling units) within approximately

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

Reszdentzal Projects

The 1987 restdennal survey examined ridership at eight mulufamily projects, some in down-

town Washington, D C, others in the suburbs All projects had at least 75 units and ranged from

300 to 3~800 feet away from a station

The 1987 results for residential projects are summarized in Table 2 1 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 statton), 63 percent of residents commuted via rail At the farthest development, Con-

nectlcut ]-Ietghts, at 3,800 feet from the same station, 24 percent rode Metrorail to work The close-

m suburban Crystal City station was a notable excepnon to this pattern rail ndershlp was higher at

Crystal Plaza Apartments, 1,000 feet from the station, than at Crystal Square Apartments (which is

home to a generally older population), only 500 feet from the station From these data, the authors

calculate 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 residential site from a Metrorall station portal

Table 2.1

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

Metroratl Staraon Protect Distance to Station % Raft % Auto

Rosslyn River Place North 1,000 feet 45 3 41 5
River Place South 1,500 feet 40 0 60 0
Prospect House 2,200 feet 18 2 81 9

Crystal Ctl~ Crystal Square Apts 500 feet 36 3 48 8
Crystal Plaza Apts 1,000 feet 44 0 45 0

Van Ness-UDC The Consulate 300 feet 63 0 32 6
Connecticut Heights 3,800 feet 24 0 56 0

Silver Spring Twin Towers 900 feet 36 4 52 3
Georgian Towers 1,400 feet 34 7 43 1

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

% Other1

133
O0
O0

149
110

44
200

114
08

Source: JHK & Associates (1987)
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The 1987 survey was followed by a similar one two ),ears later, carried out at ten different

residential sites near five stauons 3 A similarly high transit modal share was found m the 1989 sur-

vey, ranging from 30 to 74 percent of commute trips Transit usage varied considerably, however,

depending on trip destmauon For instance, m the case of the 507-umt Randolph Towers complex

m Arhng~ on, Virginia, which hes 500 feet from the Ballston Station portal, 69 percent of residents

commuted via Metrorail If they worked m Washington, D C, the modal share was 88 percent

~’nong those workang an nearby suburban Fairfax County, 33 percent rode Metrorall, among those

g¢orlang in Montgomery County, Maryland, 20 percent took rail to work

,Office Projects

The 1987JHK survey of people working m offices near Metrorail stations revealed two clear

patterns ridershtp was much higher at downtown than at suburban sites, and, as m the resldenual

survey, ndershtp fell off steadily as distance from offices to stauons increased

As shown in Table 2 2, nearly 50 percent of those workang in downtown office buildings

within 1,000 feet of the Metro Center or Farragut West Metrorail stations commuted vaa Metroratl,

comparecl 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

Metrora~l Stauon Prolect Distance to Stauon % Raft % Auto

Metro Center & Internauonal Square 200 feet 48 9 42 4
Farragut West NCPC Butldmg 500 feet 46 6 36 5

Olmsted Budding 700 feet 43 5 45 4
McKee Building 900 feet 50 5 32 5
Realtor’s Building 1,200 feet 45 6 28 3
Am Inst of Architects 2,800 feet 27 4 55 9

Rosslyn 1300 N 17th Street 800 feet 19 2 80 0
AM Budding 1,000 feet 24 3 73 4
Air Force Assoc 2,200 feet 13 3 85 3

Crystal City Crystal Mall 1 200 feet 16 3 81 3
Crystal Square 2 1,000 feet 17 4 77 2
2711 Jeff-Davis 2,500 feet 5 4 90 2

Van Ness - UDC Van Ness Stauon 100 feet 21 1 72 8
Intelsat 300 feet 27 9 68 4

Silver Spring Twin Towers 900 feet 36 4 52 3
Georgian Towers 1,400 feet 34 7 43 1

l"Other" consists of the bus, walkmg, and other forms of access

% Other~

88
168
114
170
261
167

15
16
15

24
55
5O

52
38

114
08

Source: JHK & Associates (1987)
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Crystal City or Silver Spring stations The researchers found that for downtown offices, transit rider-

,,hip fell by 0 76 percent for each 100-foot increase m distance from a Metrorail portal, and for

offices, 0 74 percent for each 100 feet

The 1989 follow-up survey byJtlK 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 Sdver Spring Metro Center, a 150,000-square-foot office tower

200 feet flrom the Metrorad portal, 52 percent of workers residing in Washington, D C, rode transit

to work, .among workers living in surrounding Mongtomery County, however, Metrorail was used

by only 10 percent

Retazl Projects

The results of the 1987 and 1989 JHK retail surveys paralleled those of the office surveys,

outside of downtown Washington, D C, ralI rtdershtp 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 Metrorad, compared to only 1 1 percent at the Hecht Company

store several blocks (1,100 feet) from the Silver Spring Metrorad station The 1989 survey did find

.’l surprisingly high transit modal spht at The Underground shopping complex at the Crystal City

Metrorail station in Alexandria, Vlrgima (just over 40 percent) 4 Transit mode share varied consider-

ably, however, depending on time of day, from a peak of over 50 percent of midday shoppers sur-

veyed to approximately 20 percent of evening customers Numerous downtown Washington, D C,

workers, especially government employees with lobs near the Federal Triangle, ride Metrorad to

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

Washzngton Metrorail Survey Summary

JHK and Associates (1987, p 1) concluded that "the most sigmficant factors affecting the per-

cent of trltps by transit are (1) the location of the site within the urban area and on the Metrorail

system, and (2) the proximity of the building to a Metrorail station entrance" The orlgin-destination

patterns of trips were also found to be crucial~ "poor transit accessibihty at either end of the trip

results in poor transit ndership between those pairs" (,13 1)

4. Ridezship by Proximity in Edmonton and Toronto, Canada

A ,,second major earlier study on transit ndershtp by station proximity focused on two Can-

zdian systems ~the Toronto subway system and the Edmonton light rail system The study, sum-

rnartzed in Strmgham (1982), exammed variation in rail modal splits as a function of distance 

stations and modes of access for over 2,000 people either hying or workang near two suburban

stations m each city
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The survey found that wlthm a radial distance of 3,000 feet from a station, rail transit modal

sphts ranged from 30 to 60 percent of all work and school trips 5 The author estimated the "impact

zone" (th e area within which people walk to the station in slgmficant numbers) to extend perhaps 

far as 4,G00 feet from a station As in 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

Ktso consistent with the Washington, D C, study, Strmgham’s work found the transit modal

split for offices located near suburban rail stations to be considerably lower than that of residences

near the same stations, perhaps reflectmg the avallabihty of plentiful parl~ng at the suburban busi-

nesses surveyed

The Stnngham study gives particular emphasis to how modes of access vary with distance

from a station The author found that well over 90 percent of rail users whose origin or destination

was within 1,500 feet ofa stationwalked to the station At a distance of around 3,200 feet, bus transit

echpsed walkang as the predominant mode of access At 3,700, virtually no residents or workers

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

!5. Other Work on Pedestrian Access

Untermann (1984) has conducted the most m-depth work to date on Americans’ walking

behavaor His research shows that most people are willing to walk 500 feet, 40 percent will walk

[,000 feet, and only 10 percent will walk halfa mile These figures do not specify purpose of the

walk trip, however, for more crucial trips, such as to work, the Strmgham study suggests that accepta-

ble walking radii might be farther Additionally, Untermann and others have shown that acceptable

walking distances can be stretched considerably (perhaps as much as doubled) by creating pleasant,

interesting urban spaces and corridors This is 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 walkdng one or two miles once inside the mall Average walkmg distances, moreover,

are large m urban centers ~60 percent of walk trips in downtown Boston are over one-quarter

~atle, and the average walkang distance in Manhattan is one-third mile (Fruin, 1992)

Untermarm 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 6 This is consistent

with Strmgham’s findings Untermann’s research also shows that transit passengers are less sensl-

tJLve to walking distances as servme frequency increases Demographics also has some bearing on

willingness to walk Research shows females, those without driving hcenses, and young people

are more :maenable to walkang

A recent study in Houston underscores the importance of pedestrian amemties 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 sxdewalk footage per 1,000 workers than

Uptown, a suburban activity center six males west of downtown And compared to West Houston’s

Energy corridor, an a~al strip along the Katy Freeway corrador dotted wath office parks, downtown

Houston is nearly ten times as dense and averages 76 percent more sidewalks Downtown Houston

;dso has s kywalks and such pedestrian amenmes as parks, clvac plazas, benches, street sculptures,

~md overhangs and trees as protecuon from the elements The built environment Is also more anter-

estmg downtown, consisting of an assortment of street-level shops, eateries, and storefroms Con-

versely, walking m Uptown and the Energy Corridor reqmres long waits at busy mtersecuons, wad-

ing through expansive surface parking lots, and passing undtstmgmshable urban spaces As a conse-

quence, walkmg/cychng accounts for around 30 percent of all traps (made outstde of buildings) 

downtown Houston, compared to 7 percent m Uptown and only 1 9 percent m West Houstonv The

research esnmated that every 10 percent increase in pedestrian amemties (e g, hneaI feet of stde-

walk, number of benches) is related to a 15 percent dechne in motormed trip-making

6. Sutnmary Evidence on Ridership and Walk Access by Distance

The various studies cited in this chapter provide a fairly consistent set of insights on how

rtdership and levels of walk access vary by distance to raft transit stations Figure 2 1 merges some

of the findings from earher work In general, it appears that, all else equal, rldership potennal is

highest for developments within about one-third of a tmle of a station, though the "impact zone,"

based on Strmgham’s work, can exceed a half mile in radius

These studies also provide useful pubhc pohcy insights A radms 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 ridershap and revenue benefits From their analyses,JHK &Associates (1987, p 81) estimated

that "a nev~ 200,000 square foot office building in downtown will generate nearly 300,000 additional

tx ansat trips per year, valued at approximately $ 500,000 in transzt revenue. A sirmlar building near a

c}ose-m suburban station 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-hr~:ed development would also likely yield important lease revenue income to the transit

agency, which m 1990 exceeded $8 milhon annually for the system as a whole (Cervero et al, 1992)

Studies to date also consistently show that transit-oriented residential development has

more impact on ridership than office development This is hkely attnbutable to abundant free

parkang at most suburban office bmldmgs and the higher time-value of walking at the work end of a

trip Moreover, evidence shows that the ongm-destinatton pattern of trips as also crucial to winning

over commuters to rail Residents laving near rail will most hkely rade transat dthey work downtown,

arid those working near raal wzll most hkely commute by transit if they reside within several males of
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Figure 2.1

Empirical Evidence on Ridership by Distance

a statton The influence of land-use and parkmg factors on transtt modal spht as well as the ong-

m-destmatton patterns of trips are thought to be tmportant factors in urban Cahforma as well, and

thus receive parttcu~ar attentton tn thts study

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

In addmon to studies on the spectflc toptc of ndershtp by proxtmaty to raft stattons, a larger

hod y ofhterature extsts on the relationship between transtt-support~ve land-use patterns and rtder-
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ship The final two secuons of this chapter summarize this research, divided into two scales of

analyses macro (regional) and intermediate (activity center/neighborhood)

A seminal study on how land-use patterns and the built environment influence transit rider-

ship was carried out by Pushkarev and Zupan (1977) Based on inter-modal comparisons of transit

unit costs and inter-city comparisons of transit trip generation rates, the authors developed a set

of land use thresholds necessary to financially justify different types of transit investments They

’round the key land-use determinants of transit demand to be the size of a downtown (in non-resi-

dential floorspace), the distance of a site to downtown, and residential densities To justify a light

zatl line, for instance, Pushkarev and Zupan concluded that mammum residential densities of 9

dwelling units per acre were needed to serve a downtown with at least 20 n’ulllon square feet of

non-res~dential floorspace

.4aaother macro-level study that has received considerable attention in recent years is the

work of Newman and Kentworthy (1989) Using cross-national comparisons, they found average

larban densities to have a strong impact on modal choice and energy consumption Low-density

ld S cme,, hke Houston and Phoemx, for instance, were found to average around seven times as

much gasohne fuel consumption per capita as comparable-size European cities This work has

been heavily criticized, however, notably for the lack of statistical controls that account for other

tactors influencing fuel consumption, such as differences in the fuel efficiencies of U S versus

forelgn fleets (Gordon and Pachardson, 1989, Gomez-Ibanez, 1991)

8. Research on Tr’ansit Demand and Transit-I.inked Development: Intermediate-
Scale Analyses

A number of recent studies have examined land use and transportation relationships at a

~’aore lntemaediate scale, focusing on specific corridors, activity centers, and neighborhoods In his

analysis ol~suburban activity centers in metropohtan Toronto, Pill (1983) found dense office and resl-

dLential subcenters hke North York and Scarborough to be vital in maintmmng multi-directional flows

on the regional rail 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 parkang averaged transit modal splits under 2 percent, a finding also confirmed by

Fulton (1986) in his analysis of inter-suburban commuting in the U S 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 sphts fell from 58 percent to 3 percent among

several thousand office workers who were relocated from downtown San Francisco (well-served

by BART) l o 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 activity centers influence travel behavior Hooper’s (1989) survey of six mLxed-use activity
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centers across the U S found transit modal sphts to be consistently below 10 percent, although

there was considerable variauon across individual propemes 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 (L989) classzfied America’s largest suburban acuvlty 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 choxce A more recent study by Douglas (1992) found

tt anslt modal shares for work trips to be four times higher m downtown Washington (served by

rail) than Jtn a suburban downtown (Bethesda, also served by raft), and four times higher m sub-

urban Betlhesda than in a suburban office park (Rock Springs Park, unserved by rail)

Several recent studies of subregtons m the San Francisco Bay Area further underscore the

m’~portance of urban denslties m influencing travel behavior Using the Bay Area’s 33 superdistricts,

Harvey (19’90) (using 1981 data) and Cervero (1993b) (using 1990 data) both found strong 

exponential relattonshlps between residential densities and the amount of vehicular travel-- on

a~.erage, a doubhng of densities resulted In a 30 percent decline m VMT/household In another

steady, Hohzclaw (1990) found a simalar pattern across five Bay Area commumtles with similar

income profiles--residents of a dense part of San Francisco logged, on average, only one-third as

many miles on their private vehicles each year as resldents of Danville, an East Bay suburb

Anc)ther hne of recent empirical work conducted at the neighborhood scale has sought to

measure the degree to which neo-tradmonal communities affect travel behavior These efforts have

been hampered, however, by the fact that most neo-tradmonal communmes are still under construc-

uon or being planned Thus work to date has focused mainly on comparing travel behavior between

long-estabhtshed tradluonal commumtles and nearby 1960s-style suburban neighborhoods A study

of San Francisco Bay Area travel found a dramatic difference m mode choice between standard

suburban developments and traditional, pre-World War II neighborhoods with mixed uses and

moderate to high densities (Fehrs and Peers Associates, 1992) In tradltional neighborhoods, 

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 m the Bay Area,

however, found no significant difference tn the share of walk trips to retail centers among neo-

tra(zlltional versus conventional suburban neighborhoods (Handy, 1992)

A recent study m Montgomery County, Maryland provades the best insights to date on the

travel characteristics of tradltional neighborhoods that are served directly by rail transit (MNCPPC,

19c)2) The authors compared transit modal sphts between three transit-oriented tradmonal

neighborhoods (served by the B&O commuter railroad or a trolley hne) and three nearby newer

neighborhoods with a branching system of streets designed for auto access The study found that
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J’esidents of the transit-oriented communmes patronized transit between 10 percent and 45

percent more than residents of nearby auto-oriented neighborhoods

To conclude, research on the influence of land uses on transit rldershlp has been carried

.’Lt varying scales and textures of analyses Much of the evidence to date is conslstents, revealing a

fair amount of elasuc,ty between transit ndersh~p and such factors as proxamlty, and density The

research that follows alms to build upon this body of evidence

Notes

1Regular customers were defined as those ndmg BART to work at least four t,mes per week Among
surveyed residents, 43 percent said they commuted by BART at least once a week

~-The transit commute modal sphts greatly exceeded those of the respective c~t~es as a whole Pleasant Hill m
10 2 percent, Umon City --6 7 percent, Fremont m4 5 percent, and South Hayward m7 8 percent

3The surveyed station areas were shghfly different m the 1989 survey In addltaon to Silver Spring and Crystal
C~ty stations, res~dent,al developments near Ballston, Twlnbrook, and Grosvenor Metrorafl stataons were
surveyed m 1989

4This was compared to a transit market share of only 14 percent m the original 1987 survey

5Unhke the JHK study of Washington Metroratl, this earher work concentrated on the travel charactenstacs of
both adults and school-age children within households

6A mile can be w~,dked m about 20 minutes at the brisk pace of three miles per hour, whzch translates to 265
feet per minute In typical urban settings w~th mtersectaons, grades, and other pedestr,an traffic, the average
pace tends to be slower

v’[’hese statastacs are based on a 1987 survey prepared by the Rice Center for Urban Mobil,ty Research (1987)
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Chapter Three

Study Methodology and Survey Approach

I. Introduction

To conduct a complete study of the travel characteristics of residents, workers, and shoppers

around urban rall stations in Cahforma, a rich database IS needed Since no pre-existing secondary

data sources were available, primary data needed to be collected, mainly in the form of responses to

~.urveys sent to targeted populations Sites which met mlmmum threshold requirements (e g, size

~Lnd distance to stations) were initially identified and screened Surveys were then designed, pre-

tested, revised, and administered to the occupants of chosen sites Since this study also sought to

examine the relationship between transit rldership and the land-use characteristics of station-area

developments, data on individual buildings and sites also had to be collected

Ocerall, this study is very data-lntenslve, as are the materials presented in this report This

chapter describes the methods, approaches, and survey instruments used in carrying out this

research Many of the technical details are found in the endnotes of this chapter

2. Study Approach

This work seeks to understand ridershtp relationships for transit-focused development at

two levels (1) among mdtviduals hvmg, working, or shopping near stations, and (2) among sites

near raft slations 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 hving, working, and shopping near rail sta-

tions allowed a fairly rich perspective on travel behavior and choices. With these data, both descnp-

tlve/exploratory and mferenraal research was carried out The descriptive/exploratory analyses

describe rail transit users m terms of their socio-econonuc profiles, trip purposes, and other travel

charactenstms, including the geographic patterns of travel and modes of access to stations The

inferential analyses aim to model travel choices by predicting the degree to which such factors as

trip origins and destinations, incomes, and parking costs influence people’s decisions to patromze

rad transit

The aggregate data support the study of travel and land-use reIanonshtps ~ specifically,

the hnk between station-area built envaronments and transit usage These analyses are more

hypotheucal-deductive in nature, testing the extent to whmh higher densities, closer proximity,

mixed land uses, below-normal parkang supplies, and other spatial and environmental attributes
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encouraged rad usage The site-level data also provades msaghts into the spanal damensaons of

travel, such as the degree to whach ndershap falls wath dastance away from stauons

Both mdavldual-level and sate-level analyses focused on three types of land uses residential,

offices, and retaal estabhshments For resadential prolects , self-admtmstered questionnaires were

raaaled to the tenants in all units of selected buildings For office projects, self-admamstered surveys

were d~strlbuted to employees by managers of partacapatmg compames For retad estabhshments,

personal interviews were conducted at store entrances or in the anterior common areas of large

shopping plazas, depending on characteristics of each sate

The most important consaderation In the design of the data collection program was to maru-

mtze response bmses and errors Mthough all surveys have some degree of samphng error, a careful

data collecuon effort can reduce the chances ofobtalmng biased results and distortions Two ampor-

rant tactics were used in this regard One was extensive pre-testing, to improve the clarity and

phrasing of quesuons and to edit out any suggestive or biasing questions Surveys of different

lengths --long, medium, and short mwere designed and adrmmstered m order to evaluate how

response rates and survey completeness varied * Where poss,ble, those participating in the pre-test

were interviewed to obtain feedback on the clarity and scope of the surveys Surveys were revised to

remove ambigmties Because at became clear many pre-testers d,d not have the stamina to carefully

fill out the" entire long versaon of the surveys, the medium-length version was eventually opted for

The second tacuc used in reducing the chance of bias was to cast the survey as input ~nto a general

s~mdy of transportation m each metropohtan area Defining the surveys as an instrument for study-

mg rail transit usage might have biased modal choice responses. Thus, no d~rect reference was

made to BART, Sacramento Reg,onal Transit, the San Diego trolley, or any other transit agencies

or systems, in the survey titles, headings, or descnpuons

The next several sections discuss the process followed in selecting sites and collecting survey

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

3. Site Selection

The two principle criteria used to select sites were.

(1) ,Maximum distance Sites had to lie v~thm two-thirds rode ofstauons, and ideally v, athm the
more walkable distance of one-third mile

(2) Mznimum size The following thresholds were used for dttIerent land uses residential ~ at
least 75 dwelling units, office ~ at least 10,000 square feet or 100 employees, and retail ~ at
least 400,000 square feet of commercial floorspace

Thus, the umverse ofth~s research consasts of fairly large-scale developments within a reasonable

walkang distance of urban rad stauons in the selected metropohtan areas

Candidate sites were identified and screened through a combination of windshield surveys,

e~astmg databases, and dascusslons with local planners and transit officials Imtially, a database on
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transit-based housing compiled by the National Transit Access Center (NTRAC) at the Umverslty 

Cahforma at Berkeley was used in identifying possible candidates that met threshold criteria 2 Since

office uses were not included in the NT/’~C databases, and to further check on whether other candi-

date sites exasted, windshield surveys were conducted along main roads within a one-third-male

radius of stations 3 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 hstmg of candidate reslden-

tlal, office, and retail buildings 4

Aanong the candidate sates, the deciding factor an whether a sate was chosen to be surveyed

was the willingness of building owners or agents to partmipate an the survey Thas was crucaal,

especially for the office sates, in order to have access to resldentaal addresses, employees, or (an the

case of the retaal surveys) pravate pretmses Property-owner endorsement was also necessary/an

order to obtain specafic sate reformation (such as rents, parkang supply, braiding square footage)

And perhaps as important, owner support, an the form of a letter encouraging tenants to partmapate

an the survey, was vaewed as necessary in order to increase the survey response rate Thus, property-

owners or thear agents (property managers and leasing firms) ofaU candidate sates were approached

about particapatmg an the survey We emphasized the fact that all survey responses would be anony-

mous and would be combined to provade summary aggregates We also emphasmed the importance

of collecting such data an order to be able to shape public pohcy and improve regional transporta-

tion services In all, 27 of the candidate resadential sates and 18 of the candadate office sites were

chosen fi:~r the study Three retail sites near BART stations were also selected

Maps 3 1 to 3 10 depict the raft systems, stauons, and general locations of all surveyed

sites, broken down among metropohtan areas Surveyed residential sites and nearby stauons are

shown m Maps 3 1 to 3 5 Surveyed office sates are shown in Maps 3 6 to 3 10

4. Residential Surveys

The residential sates that were surveyed are hsted in Table 3 1 Housing projects varied in

terms of proxamity to stataorP (361 to 3,527 feet) and size (76 to 892 umts) All of the projects

contained rental umts, except for slx sates whmh were condotmums6

As shown m Table 3 2, final response rates varied considerably, from just 5 percent an the

case of The Hamlet Apartments near BART’s Bayfaar stauon to 54 percent an case of La Mesa Village

?laza The average response rate was 18 4 percent, whale a hagher response rate would have been

preferred, this was vaewed as acceptable for a maflback survey and was considerably higher than the

12 6 percent response rate obtained byJHK & Associates (1989, p 48) in their most recent survey

of housing units near Washington Metrorail stauons Adjusting for vacancaes among surveyed

housing umts, the true response rate among occupied units was closer to 25 percent Table 3 2
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Table 3.1

Surveyed Residential Projects

S~t_=~e
Distance to No of Housing

Station Smtto~ I Units Tv_xp_q2

BART

lVhsslon Wells
Verandas Apts
Parkstde Apts
The Foothills Apts
Mission Heights Apts
Summerhdl Terrace Apts
Bayfan" Ea:,t
"[’he Hamlet Apts
Nobel Tower Apts
Wayside Plaza

Park Regency Apts

Fremont 1,148 390 Apts
Union City 1,104 380 Apts
Umon CttT 598 210 Apts
South Hayward 774 190 Apts
South Hayward 2 618 145 Apts
Bayfair 3,105 100 Apts
Bayfatr 2,805 135 Apts
Bayfau" 1,050 150 Apts
Lake Merrttt 1,330 195 Apts
Pleasant Hdl 1,756 155 Condos
Pleasant Hdl 1,568 890 Apts

CalTram

Hdlsdale Garden Apts
Grosvenor Park Condos
Northpark Apts
PaJo Alto Condos

HtUsdale 2,175 695 Apts
San Mateo 1,789 145 Condos
Broadway 1,155 510 Apts
Palo Alto 1,511 85 Condos

Santa Clam County Light Rad

BeUa Vtsm Apts
Stonegate Condos
Wdlow Glen Creek Condos
Park Almaden Condos

lack Mall 3,527 400 Apts
Tammn 1,330 85 Condos
Tamten 1,759 135 Condos
Almaden 987 590 Condos

Sacramento iagbt RaM

Woodlake (Close Apts Royal Oaks 1,730 75 Apts
O~¢¢ee Apts Tiber 476 145 Apts
Woodlake Vttlage Apts Power Inn 2,925 650 Apts
Windsor Padge Apts Butterfield 1,322 110 Apts

San Diego Trolley

¥dlages of La Mesa Amaya Dr 598 385 Apts
Park Grossmont Amaya Dr 2,643 160 Apts
La Mesa Vdlage Plaza La Mesa Blvd 316 90 Condos
Spring Hall Apts Sprmg St 845 95 Apts

IThts ~s me-~sured ,~alkang distance by the shortest path from the center of the residential complex to the nearest ucket
rrtachme of the nearest ta-anstt stauon
2Apts = rental apartments, Condos = owner-occupied condomtmums
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Table 3.2

Residential Site Response Rates

No of Ouesuonna~res
Sent Percent

Station Out x Returned Returned

BART

Verandas Apts
Ways,de Plaza
Park Regency Apts
Mission Wells
Summerhdl Terrace Apts
Nobel Tower Apts
Bayfatr East
The Haralet Apts
The Foothills Apts
Mission Heights Apts
Parks,de Apts

Cover
Lettera

CalTram

Hdlsdale Garden Apts
Grosvenor Park Condos
Northpark Apts
Palo Alto Condos

Union City 201 37 18 N
Pleasant Hdl 131 63 48 Y
Pleasant Hill 291 41 14 N
Fremont 218 44 20 Y
Bayfatr 57 6 11 N
Lake Merrtrt 185 I7 9 Y
Bayfatr 92 15 16 N
Bayfatr 111 5 5 N

South Hayward 164 31 19 N
South Hayward 94 14 15 N
Union City 101 12 12 N

Santa Clara County laght Raft

Befla Vista Apts
Stonegate Condos
Wdlow Glen Creek Condos
Park Almaden Condos

Hdlsdale 271 72 27 Y
San Mateo 92 15 16 N
Broadway 510 30 6 Y
Palo Alto I01 20 20 Y

Sacramento

Woodlak e Close Apts
Windsor Ridge Apts
Woodlake Vdlagc Apts
Oaktree Apts

lack MRI 345 107 31 Y
Tamlen 75 10 13 N
Tammn 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

San Dingo Trolley

Spring Hill Apts Sprung St 72 15 21
La Mesa Vdlage Plaza La Mesa Blvd 68 37 54
Vdlages of La Mesa Amaya Dr 324 78 24
Park Grossmont Amaya Dr 131 10 8

27-Site Total 4,758 885 18 4%

ltn some msu~nces, not all umts were surveyed because of prior knowledge that units were vacant

N
Y
Y
N

34



~,hows a general pattern that response rates were highest if a letter of endorsement was included

trom the property, owner or braiding manager

Acopyofa residential survey is shown mAppendJxAv The surveys have four main sections

~[’he first gathered background socto-demographtc information on each respondent’s household, the

respondent, and one other household member at least I6 years otd The second set of questions

ehctted m~formataon on the travel charactenstms of both the respondent and the other person for up

to three trips Travel mformauon was requested for "main" raps on a single weekday, It was up to the

respondent to decide what was a main trip The third section obtained information on the respon-

dent’s commute trip only (e g, fares, avatlabihty of free parking at the work site) as well as more

detailed mformauon (such as mode of station access) for respondents who commuted by rail

I.astly, mformanon was gathered on respondents’ prior residence within the metropohtan area

5° Office Surveys

A :similar survey approach was followed for office prolects Table 3 3 shows that the 18 sur-

e’eyed office prolects varied considerably m terms of distance to stations (50 to 3,408 feet) s and slze

of firm (75 to 3,000 employees)

For offices surveyed, it was necessary in all cases to first secure the approval of management

This was usually arranged through imtlal telephone inquiries and follow-up letters that explained

the purpose of the survey and guaranteed confidentiahry Once management agreed to participate,

questionnaires were dehvered to individual offices We personaUy visited most offices to further

explain the survey procedure and to iron out any logistical questions Also, a letter explaining the

purpose ofthe surveywas left with the employer’s contact person In most cases, employers distribu-

ted surveys with their own cover letter Employers also typmally collected surveys Between one

and two weeks after surveys were dehvered, we arranged to pick them up at the site In some cases

employers mailed all responses back in bulk, and in other cases they had their employees mail them

back indnrtdually Our primary concern was to work with the employer to make the surveying

process the least cumbersome and disruptive as possible All office surveys were admtmstered

during the October-November 1992 and February-March 1993 periods in order to avoid the

hohday period and Cahforma’s tamest months 9

For rune of the 18 offices surveyed, all employees were given surveys For the remaimng

~ane offices, a subset of employees was sampled at the request of the employer Where only a part

of the wo~,,kforce was surveyed, every effort was made to ensure that surveys were representative

across the full spectrum of posttlons 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 in abso-
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Table 3.3

Office Sites Surveyed

Site
Distance to No of

Stat,on Stanon (ft)1 Workers

BART

Cmbank
Pac Bell
Fremont Center Building
39350 Cmc Center Drive
Great Western Building

Pleasant Hill 655 350
Montgomery St 490 550
Fremont 1,005 300
Fremont 1,475 235
Berkeley 50 275

CalTram

Dlgstal Eqmpment
Homart
Mountain Vsew City Hall

Palo Alto 455 400
South San Francisco 3,410 1,800
Mountain vaew 2,810 150

Santa Clara County Light Raft

Northpomte Business Center
San Jose Corporate Center
KoU Center

Tasman 490 75
Metro/Axrport 425 600
Karma Court 420 1,000

Sacramento Light Raft

California Center
Mavhew Tech Center
Franchise Tax Board
Dept of Conservation

Watt/Marrdove 1,130 1,000
Tiber 1,870 605
Butterfield 1,565 3,000
8th and K Streets 365 398

San Diego Trolley

Latham & Watkms Gaslamp 675 160
St John Kmts Iris Ave 3,200 106
Southwest Marine Bario Logan 2,080 1,200

1This ts measured walking distance by the shortest path from the entrance of the office complex to the entrance of the
nearest t~cket machine of the nearest transit station

lute terms Even in the case of Homart near the South San Francisco CalTram station, where the

respon,se rate was only 4 percent, data on the travel characteristics of 72 employees were obtamed

AppendLx B shows an example of an office survey Surveys were custommed for each metro-

pohtan area Quesnonnatres covered four primary, areas First, they obtained background socto-

demographic and household data for each employee respondent Second, mformanon 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 to two midday trips made the prior work day And lastly, mformauon on commuting
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Table 3.4

Office Response Rates

!3ART

Cmbank
Pac Bell
Fremont Center Building
39350 Ct~c Center Drive
Great Western Building

CalTram

Digital Eqtnpment
l-Iomart
Mountain View City. Hall

Santa Clara County Light Rail

Northpomte Business Center
San Jose Corporate Center
Koll Center

Sacramento Iaght Rail

Calfforma Center
Mayhew Tech Center
Franchtse "Fax Board
Dept of Conservauon

No of Questtonnmres
Sent Percent

Stauon OutI Returned Returned

Pleasant Hill 280 114 41
Montgomery St 80 46 58
Fremont 300 79 26
Fremont 235 124 53
Berkeley 270 48 18

Patio Alto 370 56 15
South San Francisco 1,800 72 4
Mountam vmw 150 77 51

Tasman 75 33 44
Metro/Airport 250 54 22
Karma Court 175 48 27

Watt/Manlove 1,000 156 16
Trber 500 95 19
Butterfield 200 111 56
8th and K Streets 250 115 46

~,an Diego Trollev

I.atham & Watkms Gaslamp 160 87 54
.St John Kruts Ins Ave 106 94 89
.C,outhwest Marine Bano Logan 150 21 14

18-Site Total 6,351 1,430 22 5

patterns for those who worked at a different locanon within the past three years m the same

rrietropohtan area was compiled

6. Retail Surveys

At surveyed retml estabhshments, pedestrian intercept surveys were used --those walking

by were asked tf they would be wllhng to answer a few quesuons on transportauon Surveys were

designed m be brief so as not to overly mconvemence shoppers Thus, only essential data were
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gathered on trip purpose, mode of access, where people arrived from, and several demographic

variables Surveys were conducted m mid-fall (October and November) 1992, and late-wmter/

earlx-sprlng (March and April) to avoid peak shopping periods and Cahfornla’s rainy winter

months 10

Ideally, surveys would have been conducted in the most central location of each retail

complex to minimize the possibility of selection biases However, because of management con-

cern, surveyors were instead posted at the mator entrances of each site and, where possible, at

other areas of heavy traffic 11

7. Site Data Collection

For carrymg out site-level analyses, travel data were aggregated to produce modal sphts

and other statistics for each site Statistics on parking supply, land area, and other physical attri-

butes of sites were, where possible, obtained from building managers or secondary sources Informa-

tion of the walking env, ronment between sites and the nearest freeway (e g, the existence of con-

tinuous sidewalks) was gathered m the field Chapter Seven discusses how these data were

gathered in more detail

8. Clo,sing

This chapter described the procedures followed in collecting the kinds of data necessary to

study the rldership characteristics of transit-focused development in Cahforma The data collec-

tion effort, to the degree possible, sought to rmmnuze btases and to provide a representative sample

of large-scale residential, office, and retail complexes within walking distance of California raft

transit s:anons The next three chapters present the empirical results from these surveys

Notes

*For the res~denual surveys, long quesuonnatres ehctted more detailed travel d,ary mformauon --data on
up to four trips for up to three household members The medium-length survey obtained mformauon on
up to three trips for up to two household members The short survey obtained reformation on up to three
raps, but only for the person completing the survey Several quesuons on travel behawor prior to residing
near a r~ station were also asked

2See Bermck and Carroll (1991) and Bermck and Munkres (1992) for d,scusslons of these databases
3Where possible sites were ,dent.tried, researchers sought to talk with an on-site property manager or leasing
agent about the size of the project to see whether tt met minimum threshold requirements Th,s also pro-
vlded some feedback on whether property-owners at these sites m,ght be willing to pamctpate m the survey

4Several other factors influenced which sites were chosen Among residenual sltes, only those w~th market-
rate housing units, either rental or owner-occupied, open to the general populauon, were considered as
possible candidates Thus, the following types of housing were not surveyed public and subsidized housing
projects, msutuuonal housing, such as mdztary quarters or university, dormitor,es, and specialuzed housxng,
i e, for reurees and older Americans Among office sites, private businesses were surveyed, except for a
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cl~’ goveinment office in Mountain View and two state offices m Sacramento And among retail sites, only
large retail plazas w~th at least one major anchor tenant near BART rail services were surveyed

~This w~s measured as the shortest waJkable distance from the center of the project to the closest station
entrance

6At residential projects, establishing a contact was desirable primarily because this person could provide an
accurate list of the addresses (wlthout names) of each of the units in the complex, and could sometimes
indicate which units were vacant The cxpectauon that official sanction from the management of prolects
might reduce greater and more detailed survey responses form residents led us to request that, ff possible,
a letter be drafted by the management to accompany our survey Twelve of the prolect managers or owners
obliged u,, m this respect Where property, managers offered httle or no cooperation, it often proved effective
to estabhsh contact dtrecr.ly with property owners and developers When this failed, it was sometimes possi-
ble to obtain the addresses from a direct vasit to the site, then to marl the surveys m the form of a letter

Surveys were originally mailed to all housing units in each of the 27 prolects between October and Novem-
ber 1992 Each survey was sent out m 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 ,ruth the surveys Surveys were designed as self-addressed, prepmd forms that could be easily
folded into letter-sized envelope-hke mailings The response rate after the first round of mailings was
around 12 percent In February and March 1993, a madback survey was sent to all households m the 27
prolects ti~at did not respond to the original survey

Households were not surveyed during December and January, which are among the rammst months m 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
monitor which housing units responded A number of non-responses were because units were vacant

VQuesttonna~res were customized for each area --titles and references to raft transit systems varied

Sl)lsumce to stauon was measured as door-to-door walking dLsm.nce --along the shortest walkable path
!firom the mare entrance of the office to the mare entrance of the nearest transit station

%ome employers requested that surveys be carried out at specific dates

1cSurveying shoppers during the December holiday season and rainy months could have biased modal spht
statistics t, mce rail transit is less likely to be used for large-volume holiday shopping or during periods of
inclement weather

ltAt retail survey sites it was necessary to estabhsh contact with the management of the project Private firms at

two of the prolects reserved the exclusive right to conduct surveys within the boundaries of the projects them-
selves An agreement was reached with the mamagement 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. Introduction

This chapter summarmes findings from the survey of the 27 selected housing projects near

near ra iI transit stanons in Cahforma As discussed in the previous chapter, travel and socto-econormc

data were ehcited for up to two adult household members from each surveyed residence For each

household, travel data were requested for the "main trips" made the day before the survey was filled

out t For the most part, statistics presented in this chapter are summarized by combimng 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 relatively httle variation across the five tall sys-

tems st udied (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 MS& and San Diego

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

Table 4.1

Station-Area Household Characteristics

All
Systems BART SCCTA CalTram RT SD___TT

Household Size
Average 1 89 1 84 1 83 2 01 2 03 I 80
(Std Dev (0 78) (0 84) (0 69) (0 84) (0 74) (0 75)

No of Vehicles Available
Aver’age 1 53 1 41 1 61 1 57 1 58 1 58
(Std Dev) (0 72) (0 70) (0 67) (0 83 (0 73) (0 66)

BART=Bay Area Rapid Transtt
SCCTA=Santa Clara County Transit Authority, hght raft
CalTram = CalTram, commuter raft
RT=Sacramento Regaonal Transtt, hght raft
SDT= S;m Dingo Trolley
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On average, surveyed residences had 1 53 vehicles ~ available for use b v household mem-

bers (Table 4 1) This was also less than the weighted-average of 1 73 for the three metropolitan

areas Only 1 percent of the surveyed households had no vehicles available Around one-quarter

,had a single vehicle and nearly one-half had two vehicles In general, those residing near urban

J:ail stations in California appear to have moderately high levels of automobihty

hmong all adult members for which travel data were obtained,4 the average age was 36 7

’~,ears (Table 4 2) Respondents5 hvang near CalTram stations were, on average, more than 17 years

older than those hvmg near Sacramento RT stations Around 55 percent of the respondents, more-

over, were women Women respondents were the majorl~ across all five rail systems, in the case of

:Sacramento RT, six often respondents were women Ethmcally, whites made up the overwhelming

majorlt3, of respondents, particularly so in the cases of SCCTA, CalTram, and RT6 Only in the case

of BART did non-whites represent more than one-third of the survey respondents Slightly higher

shares of white residents were surveyed than the weighted-average for the three metropohtan

,~reas T Most of the surveyed sites were in the suburbs, however, and these percentages do closely

approximate the ethmc compositions of many suburban areas in the three metropohtan areas

Table 4.2

Station-Area Trip-Maker Demographic Characteristics

All
Systems BART SCCTA CalTram RT SDT

Age
Average 36 7 34 8 33 4 47 6 30 0 40 7
(Std Dev) (15 2) (13 2) (10 3) (18 5) (11 6) (17 8)

J?ercent Female 55 5 56 2 51 2 56 8 60 4 53 6

Ethnictty- Percent
African American 5 3 10 3 1 3 2 4 6 7 2 7
Asian American 9 7 18 5 9 0 1 2 7 9 3 8
Hispanic 5 3 5 3 3 0 9 5 4 4 5 6
White 78 5 65 3 84 6 84 5 79 8 88 5
Other 1 1 0 6 2 I 2 4 0 0 0 5

On average, around 85 percent of the respondents were employed either full-time or part-

lame (Table 4 3) While unemployment rates were relatively high in some station neighborhoods

,~oartlcularly in the cases of CalTram and SDT), this is partly explained by the fact that some respon-

dents were university students Nearly one-half of the employed respondents worked as managers

or professionals Compared to the average for the three metropohtan areas, there were relatively

l,arge numbers of managers, professionals, and service workers hvang near rail stations and relatively
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Table 4.3

Station-Area Trip-Maker Employlnent Characteristics

All
Systems BART SCCTA CalTram RT SDT

Employment Status -- Percent
Full-TLme Employed 73 6 82 0 86 8 63 9 58 2 64 2
Pm-t.Ttme Employed 12 0 6 7 7 2 9 3 29 0 14 5
Unemployed 14 4 11 3 6 0 26 8 12 8 21 2

Occupa*aons -- Percent
Manager/Professional 48 1 49 9 65 4 40 0 34 8 40 6
Clerical/Accounting 21 4 21 7 17 7 29 0 20 8 25 5
SaIes/Serwces 10 5 9 5 7 2 10 3 18 0 9 2
Other 20 0 18 8 9 7 20 7 26 4 24 7

Annual Salary -- Percent
0-$20,000 25 9 21 6 10 4 23 2 51 0 31 2
$20,000-$40,000 40 2 41 4 30 6 42 4 38 6 49 4
$40,000-$60,000 24 4 30 7 37 5 20 5 8 8 13 8
$60,000-$80,000 6 7 5 1 15 5 4 6 1 6 3 2
> $80,000 34 12 60 93 00 24

small numbers of clerks, secretaries, and laborers s 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 (Sihcon

Valley), which is directly served by the hght rail system. CalTrain averaged relatively large shares

of station-area residents who are secretaries, clerical workers, and accountants while RT had a

compm-at~vely large share of sales, services, and other9 workers°

Annual salarms vaned considerably among station-area residents across the five urban rml

systems (Table 4 3) The median salary ranges, broken down by rail system, were Sacramento 

--$15-20,000, San Diego Transit--$20-25,000, BART and CalTram--$30-40,000, and SCCRTm

$40-50,000. The relatively low salaries of RT’s station-area residents corresponds with their high

shares of serwce 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 "mare trips" for which survey data were obtained, 15 percent of the trips

were by rail transit (Table 4 4) Modal sphts varied widely by system, however In the case of BART,

over one-quarter of the mare 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
Systems BART SCCTA CalTram R__T_T SDT

Percent of Trips by
Drive Car 73 0 64 4 84 8 69 9 72 7 76 5
PddeCar 50 2 1 44 58 68 93
Raft Tw, msit 15 0 26 8 6 7 9 7 12 0 11 5
Bus 22 28 04 52 32 05
Walk 27 32 07 72 16 19
Bike 07 01 12 06 03 14
Other 1 3 0 6 1 7 1 7 0 0 2 5

No of cases 2,560 707 569 370 449 375

SCCTA, rail’s market share was less than 7 percent Overall, those residing near Cahforraa*s rail sta-

tions appear to be fairly auto-dependent--over three-quarters rehed on a car, either as the driver

or a passenger, for their main raps Most of the remaimng modes, hke bus transit, walkmg, and

c2/chng, accounted for a small share of total trips The remainder of this chapter concentrates on

tdennfymg those factors whmh are most closely associated with raft usage by station-area residents

The wide ~rarlation m rail transit usage suggests a number of factors, hke vehicle avatlabthty and

trip destination, maght explain mode choices among station-area residents in Cahforma

The modal sphts of mdmdual residential projects (for all trips and work trips) are summa-

rtzed in Tables A4 I to A4 5 m the Appendix for the five rail systems The highest rail modal spht

-- 78 6 percent ofaU raps and 86 4 percent of work traps-- was found for the Oaktree apartment

complex m Sacramento Other station-area restdenttal projects with relauvely high raft modal

sphts (for .-tiLl raps) 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 Apartments, Burhngame --27 0%
" SDT Spring Hill Apartments, San Diego ---35 1%

OveraLl, rail modal sphts were found to be fairly high for the surveyed residenual projects

when compared to cttywtde and regional averages from the 1990 journey-to-work censuses For

m,~,tance, uiban rail transit accounted for 5 0 percent of 1990 work trips made by residents of the

three counties (San Francisco, Alameda, and Contra Costa) within the BART service district,i°,li

for the surveyed residents hying near BART stauons, raft transit was used for 32 1 percent of work
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trips ---more than st.x times as much as the three-county average Those resld,ng near SCCTA stations

used light rail transit for 7 0 percent of raps, compared to the counn~lde 1990 average of 3 0 per-

cent for all modes of transu 12 CalTram’s work-trip modal split for stanon-area residents was 36 6

percent, considerably above the 1 7 percent of work trips via CalTram by all residents of San Mateo

CounD’ And the transit modal sphts for work trips by station-area residents in Sacramento and

San Dm~go of 18 2 and 14 2 percents greatly exceeded thmr respective metropohtan averages of

2 4 ana 3 3 percents 13

Overall, rail modal sphts appear to be higher for these stanon-area housing prolects than

for other residences near rail stations Table 4 5 shows the 1990 share of work trips made by rail

for all restdences within a one-half-retie radms of a BART station in the three BART-served countms

The three-county total was around 18 percent-- that ,s, fewer than one out of five of Bay Area commu-

ters hvmg within one-half mile of a BART station rode BART to work The share in San Francisco

was more than twine as high as m Contra Costa County By comparison, for the 11 large-scale hous-

mg protects 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 residences near BARTconststs ofsmgle-farmly homes To the degree home-

owners are financmUy better off than renters, then d,fferences could be clue to income They rmght

also reflect the fact that larger-scale projects tend to be m denser, more translt-conduc,ve physical

env~ror~aments, a top,c that ~s explored m Chapter Seven

At a finer-grain level, the commurttty, the strong transit orientation of stauon-area residents

ts even more evident For the Bay Area, Table 4 6 compares the work-mp transit modal sphts for

Table 4.5

Rail Modal Splits for Residences With,~n One-Half Mile of a
BART Station, 1990 Work Trips~

NOTES

City BART Work Trtpsz Percent of,Ml Work Trips

Alameda 4,621 17 3

Contra Costa 2,494 11 3

San Francisco 5,024 25 5

Three-County Total 12,139 17 8

IThe one.half.male t~adtus was approxtmated by taking block groups within census tracts around every BART station in
each coumT
2A BART trtp ~-as mterpreteted to be one de.stgnated as the category of "subway or elevated tram" m the U S Census
journey-to-work stattsttcs

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 Sphts (%) for
Ctt’v Station-Area Residents 3 Cttvwlde 4

BI~J~Ti

Pleasant Hdl 46 7 16 0
Fremont 12 9 2 7
Union City 27 5 3 8
Hayward 25 7 4 4
San Leandro 27 7 6 1
Oakland 10 0 6 I

CalTraml

San Mateo 26 2 2 8

SCCTA2

San Jose 7 0 3 6

NOTES

lbtattsucs presented for urban rail trar~tt trips only
2S:attstms presented for all u’a~tt modes combined, including both rail and bus tra~tt
3Ba.~d on stn’vey results from 1992-93, aggregated according to city lurtsdtcuon
4X990 stat~ttca Sources Metropolitan Trartsportatton Commlxsston (1993) and 1990 lourney-to-work certsus statmuc$,

STF-3A. All t,tatmtacs exclude workers wflo work at home

station-area residents m the hsted cities to the c~tywade averages from the 1990 journey-to-work

census Overall, it is evident that workers residing near raft stattons in Cahforma patromze rail

tr:msit f2d" more than their counterparts residing farther away from stations but within the same

ctl T On average, residents hvmg near statzons were five tzmes as likely to use rail transit to get

to work as the average worker hvmg tn the same city, and zn some cases as much as seven tzmes

as likely Xqaese statistics seem to bode favorably for the abihty of concentrated restdenuai develop-

ment around Cahforma’s rail stations to substantially induce transit rtdership.

Tr~p Purpose

Around 70 percent of the surveyed mps of station-area resadents were work-related--

either to or from work (Table 4 7) No other trip purpose category exceeded 10 percent of trips

By comparison, work and work-related trips accounted for only 26 3 percent of all vehicle trips in

the 1990 Nattonwlde Personal Transportation Survey (NPTS) (Hu and Young, 1992) Clearly, 

trip data obtained from Califorrua station-area residents were skewed toward work trips Smce

data were ehcited only for "main trips," survey respondents evxdently viewed iourneys to work as

their most important ones
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Table 4.7

Trip Purpose for All Trips by Station-Area Residents

MI
Systems BART SCCTA CalTram RT SDT

Percent of Trips
To Work 42 6 45 2 45 0 39 7 38 1 41 4
Retuz n Home 27 4 32 3 27 5 23 7 24 0 24 3
Personal Business 5 1 4 5 4 9 7 2 4 5 5 6
Meal 31 20 54 19 34 24
Shopping 48 43 56 63 38 45
Medical 17 1 1 1 1 50 09 19
Socla1-Recreatlon 6 4 4 7 5 4 7 7 8 3 8 3
Other 8 8 5 8 5 1 8 3 17 0 I1 2

Trip Lengths, Times, and Speeds

Surveyed trips were fairly long--on average, 13 rmles over a 29-minute period, at a speed

of 25 5 mph (Table 4 8) These compare to the 1990 NPTS averages of 9 0 rmles (for aLl trips), 

rrunutes (for work trips only), and 27 4 mph (for work trips) The longest (and fastest) trips 

taken by those residing near BART stations while the shortest (and slowest) trips were made 

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,

rail trips were 25 percent longer and, in terms of door-to-door travel time, 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 CalTram RT

Trip Lengx-h (Miles)
Average 13 0 19 4 9 9 12 2 8 4
(Std Dev) (11 9) (13 9) (10 0) (11 8) (8 1)

SD__.Z

108
(8 7)

Trip Time (Minutes)
Average 28 9 37 4 24 1 27 7 22 1 26 7
(Std Dev) (18 6) (19 5) (17 4) (19 2) (14 0) (15 8)

Trip Speed (mph)
Average 25 5 28 4 24 8 24 3 23 9
(Std Dev) (16 4) (19 3) (14 I) (15 6) (16 3)

24 0
(13 1)
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7tme 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) Stataon-area residents riding rat| transit tended to travel during peak

periods more than residents travehng by eather automobile or bus (Figures 4 3 and 4 4) The high

degree of peakedness reflects the fact that a malora~ of the surveyed trips were for work purposes

P,tgure g 4 also shows that relauvely high shares of trips made by foot took place during the mad-

day and afternoon

The time of day of traps varied the most by trip purpose (Fagure 4 5) Work trips were made

rnamly during the peak while personal business was primarily a midday affair Shopping trips

occurred mainly m the afternoon and evenings, and socml-recreauonal trips steadily increased as

the day wore on

No sigmficant differences were found an the temporal pattern of trips by those station-area

residents who have staggered work schedules or flex-t,me prmleges versus those who do not For

work trips, however, the temporal distribution of trips was relatively flat (less peaked) for those

with flexible work hours

S.pattal Patterns

Maps 4 1 and 4 2 compare the city-by-city origm-destmauon patterns for all surveyed traps

made by station-area residents by rail transit versus automobile m the Bay Area Rail usage clearly
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Time of Day of Departure: AU Trips, Residential Survey

47



Percent

40 -(/1

3O

2O

10

0
mtdnight-6am 6-9sm gain=noon noon-3pm 3-6pro 6pro-midnight

Time of Day

Figure 4.2

Time of Day of Arrival: All Trips, Residential Survey

Percent
40

3O

20

10

0
mldnlght-6em 6-gsm 9am-noon noon-3pm 3-6pro 6pm-midnight

Time of Day

BART ~ SCCTA [-~ Caltraln 1 RT [~ SD Trolley

Figure 4.3

Time of Day of Departure by Rail System: All Trips, Residential Survey

48



5O

4O

30

2O

"10

0

Percent

mldnlght-6sm 6-9sin 9sm-noon noon-3pm 3-6pm

Time of Day
6pro-midnight

1 Pr=vate auto ~ Raft ~ Bus ~ Walk ~ Other

Figure 4.4

Time of Day of Departure by Mode: All Trips, Residential Survey

5O
Percent

6-gem 9am-noon noon-3pm 8-6pro 6pm-mldnlght

Time of Day

Personal Business ~ Shopping

Other

40

3O

20

10

0
mldnlght-6sm

1 Work/Return Home

E Social-Recreational

Figure 4.5

Time of Day of Departure by Trip Purpose: All Trips, Residenti__aJ Survey



\

I

I San Ft~nclsco
2 Oaktand/Emeryvlffe
3 San ~ose
4 Houn~mVlew/San~ Ct~r~/Sunnyvaie
5 Palo A,ko/A~erton/Essc Palo Alto/l’lenlo Park
6 San Hateo/Redwood CgtT/San C~dos/Belmonc
7 South SF/Burhnl~me/Mlllbrae/San Bruno
8 Colm,dDaly CJ~
9 Paczfica/Half Hoon Bay/Moss Beac~dPescadero
I 0 Campbell/Cuper~no/Los Altos/Los Gacos/Saracog~
I I Ben Lomond/Por~olaValley/La Honda
12 Gdroy/HofllstertMorgun Hdl
13 FremontJHdplcas/NewarkJUmon ClW
14 Hay~/San Leandro/San LorenzolCascroValley
I S Alameda
16 Berkeley/AlbanytKensm~con
17 RichmondlEI Cemco/San Pablo
18 Ormda]LMayeccedHoraga
19 LJvern~or~Pleasanron/San F~monlDubhnlAlamo
20 Pleasant Halls’Walnut Creek/Pacheco
21 Concord/Namnez/Claycon
22 P~ctsbtJrg/Anuoch/Brentwood/Oakley/Bymn
23 Crock ecrJH ercules/Pmole/Rodeo
24 San L~lfae~/LarkspurCTiburon/BelvederedSan Ansetmo
25 Pecaluma/Novam/Nmas~o
26 VailelcdBemcJa
27 Napa/Sanca Rosa
28 Falrfietd/Vacawlle/Co~eh~JSu~sun C~cy

SCALE
0 2~ miles

20 Ion

I

\

Map 4.1

Origin-Destination Patterns for Automobile Trips
by" Sampled Station-Area ResidenLs in the San Francisco Bay Area, All Trips

5O



@
\

\
\

\

//
I

I

@

®

@

®

! /
/

/

1

\

/
I

/
t

/

I
2
3
4
$
6
7
8
9

10
II
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

® /
x

//x/

\ ~ /x

\ 

"

San Fr’~ncnsco I "
OaldarM/Emeryvdle ~, ..... ~ ~ -

Mountain V~ew/Santa Clara/Sunnyvale ~ \ /
Palo Alco/Athercon/East Palo Alto/Menlo Park ~ ~ t ~ 1-.
San r~teo/R~wood C,~yJS~n c~o~}i~m~n-~ ~. ’~ - _
Sou~ ~F/Bur~,ng~mP_JM0ilbr~e/San Bruno "-~ "
Colma/Daly C~cy ~ \. -.
Pac~ficaJHalf Moon Bay/Moss BeacWPescadero \
CampbellJCuperuno/Los Altos/Los Gatos/Saracoga "~.
Ben Lomond/PortotaVailey/La Honda "~ ~. ~
GtlroylHolhsterlMorgan Hmll ~ ~
Fremor~t/Mdp~tas~Newark/Umon C~ty ~ ~ i... \ ,. ~
Haywa~d/San Leandro/San Lorenzo/C’-astmVailey \ (,I I) _ " ,,
Alameda " \ ~ - "(- 
Berkemey/AlbanylKens~ngton ~ "
Rmhmond/EJ Cemto/San Pablo
Onnda/Lafayette/Morag~
bvermoreiPieasantonlSan Ramon/Dubhn/Alamo
Pleasan~ Hnll/V~alnut CreekJPacheco
Conco rd/MarunezJCl~yton
Pittsbu rg/Ant~ocWBrentwood/Oakley/Byron
CrockettJHercules/Pmole/Rodeo
San Ra~ei/Larkspur/Tiburon/BetvederedSan Anselmo
PetalumaJNovato/N~cas~o
VallelolBemcta
Napa/Santa Rosa
Fatrfield/Vacav|lle/Cordelna/Su|sun Ctcy

SCALE
0
t

~’0~
Map 4.2

\

NUHBER OFTRIPS

Origin-Destination Patterns for Rail Trips
by Sampled Station-Area Residents in the San Francisco Bay Area, All Trips

v
/

/

~j
/
s.

?

51



matches the same corridors served by BART, CalTram, and SCCTA Cross-Bay rail travel between

San Francisco and the East Bay is particularly dominant Other s~gmttcant corridors of rail travel are

between central-and-southern Alameda County,, San Francisco, and ()aldand/13erkelev, and between

San Jose and the Sihcon Valley In contrast, Map 4 2 shows that origin-destination patterns for auto-

mobde trips made by stanon-area residents are far more dispersed The linkage between San Fran-

cisco and the East and South Bay areas are far weaker It is clear that rall transit’s spatial market in the

Bay Area differs considerably from its chief competitor, the automobile To the degree trips are

between major centers along malor rail corridors, then stgmficant numbers of stanon-area residents

will opt for rail travel To virtually any other destinations, automobzle becomes the mode of choice

Commute Tr,p Cost Character~stzcs

The surveys also ehcited snformation on the direct, out-of-pocket cost of work trips made

by station-area residents The average two-way fare paid by station-area restdents who commuted

by transit was $3 30, with considerable variation among transit trips and across transit agencies

(Table 4 9) Average daily parking expenses were shghtly higher--$3 60, with slgmficant varia-

tion across agencies Those residing near SCCTA stations only prod, on average, around a quarter

per day for parking (and nearly 90 percent parked free at their workplace, a prevalent practme 

the oflqce parks scattered throughout northern Santa Clara County) By contrast, residents near

BART stations paid about $3 50 per day to park and those residing near RT and SDT stations prod

over $5 00 per day for parking These differences seem to correlate closely with transit modal

sphts for work trips workers hwng near SCCTA stanons pay virtually nothing for parking and

Table 4.9

Station-Area Resident Conlmute Trip Cost Characteristics

Respondents whose Residences are
All Survey Near a Raft Stauon on Following System

Re.g~ondents BAR______TSCCTA CalTram R_..T_T SDT

Round-Trip Fares
Average ($) 3 30 3 52 2 43 3 81 1 82 5 18
(Std Dec) (6 66) (2 23) (2 93) (12 18) (5 03) (11,79)

Parkang Cost
Average ($) 3 60 3 45 0 23 0 46 5 26 7 10
(Std Dec) (12 63) (9 56) (0 60) (1 23) (15 97) (20 68)

Tolls
Average ($) 0 65 0 80 0 00 1 25 0 08 0 33
(Std Dec) (0 63) (0 90) (0 00) (1 37) (0 37) (0 65)
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only 7 percent commuted by raft, those hvmg near BART, RT, and SDT stanons pay, on average,

s~gmficam amounts to park and patromzed rail transit for a relatively high share of work trlps---

32 1 percent. 18 2 percent, and 14 2 percent respecuvely

The. only other significant out-of-pocket expense incurred was for tolls-- on average 65

cents per day Sull, tolls cost considerably less than either parlcmg or fares paid by stauon-area

residents ’The highest tolls were mcurred by those hvmg near BART and CalTram stanons, many

of whom pay a dollar per day to cross the San Franclsco-Oaldand Bay Bridge and San Mateo-

Hayward Bridge

Transportat:on Polzczes at Statzon-Area Residents’ Workplaces

Information on the transportation pohctes at each of the surveyed station-area residents’

workplace was also obtained As with parking and transit fares, some of the variables in Table 4 10

may help exptam vanauon m transit usage among those residing near Cahfornta rail stations

Surprisingly, nearly one-half of the surveyed workers have some form of flex-time pnvfleges

In the case ofSCCTA’s stanon-area residents, many of whom are professionals and engmeers work-

mg m high-technology fields, almost 60 percent had flexible work schedules By comparison,

staggered work schedules were far less common, as were nudday car access (a potential reduce

Table 4.10

Transportation Policies at Station-Area Residents’ Workplaces

Respondents whose Residences are
All Survey Near a Raft Stxuon on Following Svstern

Respondents BART SCCTA CalTrain R__T..T SDT

Percent wath Flex-
Tune Prtvdeges 47 8 50 2 59 2 32 9 49 1 34 6

Percent wath Staggered
Work Hours 14 1 10 6 20 0 8 6 17 9 13 2

Percent Provided a Car
for Midday Use 11 6 15 9 7 7 4 9 13 4 11 8

Percent with Transit Allowance 15 2 13 3 12 I 15 7 20 5 17 5

Percent wxth ,qree Parking 72 3 63 2 86 6 70 7 67 0 78 5

Daily Parking Costs
Average 5 03 5 48 13 0 2 39 4 25 4 50
(Std Dev (4 30) (4 32) (10 0) (2 02) (1 69) (2 12)

Mo athly Parking Costs
Average 48 65 59 50 50 00 23 33 45 36 45 71
(Std De,, (40 59) (48 38) (-) (17 39) (38 21) (40 04)
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ment to, ndesharmg and transit usage) and transit allowances (e g, subsidized monthly passes,

free multl-rlde coupon books)

,As with most Americans, the overwhelming majority, of station-area residents received free

parking at thmr workplaces This varied considerably, however, depending upon the locanon of

the workplace For those wor~ng downtown, fewer than one out of four of station-area residents

received free parking, and in the case of those working in downtown San Francisco, less than 10

percent parked free As mentioned before, free parking was most prevalent in Santa Clara Coun~

"Fable 4 10 shows that among the workplaces that did charge for parlang, the average daily

cost was around $5 Where monthly parkang fees were levied, the average was around $50 Almost

without excepnon, 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 section explores the influences of the sociodemographtc, trip-makang, travel costs, and

pohcy factors discussed in the prewous sections on modal splits and, more specifically, rail usage

The insights gained in this section are used tn the section that follows to build a predictxve model

of rail transit mode choice for station-area residents

Influence of Household Charactemstzcs

Kail ndership 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

Modes

RaM Transit
Bus
Drove Car
Rode Car
Walk
Other

TOTAL

Table 4.11

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

Household Size
_1__ ._g2 ~ 4 or more

17 7% 14.5% 10 8% 10 9%
2.1 19 45 18

74 6 70 7 75 3 82 7
21 72 42 27
30 29 14 19
05 17 28 00

100 0% I00 0% 100 0% 100 0%
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tor of rail usage, however, was vehicle avallabdity (Table 4 12)-- for no-vehicle households near

rall stattorls, 42 3 percent of trips were made by rail transit versus only 3 5 percent of trips for house-

holds with three or more vehtctes Conversely, auto travel rose sharply with vehicle avatlablhn

Table 4.12

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

Number ofVehmles Avadable
For Use bv Household Members

Modes 13 _.L _.2_2 3 or more

Rad Trznst~ 42 3% 19 1% 9 6% 3 5%
Bus 25 8 18 0 7 18
Drove Car 41 691 817 83 5
Rode Car 14 4 5 5 3 7 8 4
Walk 113 2 7 2 4 0 9
Other 21 18 18 19

"I OTAL I00 0% 100 0% I00 0% I00 0%

IJ~fluence of Soczodemograpbic Factors

Among sampled trip-makers residing near rail stations, women patronmed rail transit shghtly

more than men (Table 4 13) Across ethmc categories, African Americans were most dependent

on rail transit, followed by Asian Americans

Table 4.13

Influence of Gender and Ettmicity on Modal Splits of Station-Area Residents,
All Trips

Ethntctrv
Gender Afrzcan Asian

Modes Females Males American American Hispanic White Other

l~uJ Transit 159% 13 7% 244% 175% 9 6% 14 5% 14 8%
Bus 2 0 24 2 5 3 6 8 0 14 00
Drove Car 71 7 74 8 61 3 65 0 67 2 74 7 81 5
Rode Car 6 8 2 9 0 8 112 104 4 6 00
Walk 22 33 34 04 24 30 37
O.daer 14 28 76 22 24 18 00

TOTAL 100 0% 100 0% 100 0% 100 0% I00 0% 100 0% 100 0%
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Persons m the 31-40 year age group utthzed raxl transit the most (Table 4 14) This no doubt

reflects the fact that these mdmduals, being in the mlddle stages of the hfe cycle, make relauvely

high shares of work trips, the trip purpose category, that was most heawly represented m the sample

In general, walk trips were made more often among older trip-makers, and auto-passenger travel

’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 0-2._0 ~ 31-40 41-50 50-70 > 71

Raft Transit 9 5% 12 5% 19 6% 17 5% 17 0% 6 3%
Bus 3 8 1 4 1 0 1 4 6 1 8 4
]Drove Car 72 4 77 0 73 0 72 3 59 6 68 4
Rode Car 8 6 5 2 2 7 3 5 8 3 10 5
Walk 2 9 1 8 1 8 2 8 7 2 5 3
Other 28 21 18 25 18 1 1

TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%

Those working m clerical and accounting occupations were most hkely to patronize rail and

those employed in sales and the servaces sector were the least (Table 4 15) In terms of mode choice,

occupation often serves as a proxy, for income No strong pattern emerged between rail transit usage

and annual salary (Table 4 16) Those m the maddle-earmngs range averaged the highest rates 

tail usage’ and those m the highest salary bracket averaged the lowest.

Table 4.15

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

Occupations
Manager/ Clerical/ Sales/

Modes Professional Accounting Services Other

Ra~ Trartslt 15 1% 21 4% 9 3% 13 6%
Bus 1 0 1 0 3 1 3 6
Drove Car 76 1 68 5 78 8 69 5
Rode Car 3 7 6 6 5 4 4 3
Walk 2 3 1 5 1 5 5 0
Other 1 8 1 0 1 9 4 0

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

M odes 0-$20 000 $40 000 $60 000 ~80 000 > $80 000

Raft Transit 12 5% 17 3% 15 3% 15 5% 7 9%
Bus 46 18 02 00 00
[)rove Car 70 2 71 9 79 5 79 6 73 7
Rode Car 7 2 4 3 2 3 1 4 10 5
Walk 25 27 14 22 79
Other 3 0 2 0 1 3 6 3 0 0

~[ OTAL 100 0% 100 0% 100 0% 100 0% 100 0%

~.zp Purposes and Modal Sphts

Different modes of travel were favored for different trip purposes among station-area resi-

dents (Table 4 17) Rail transit was rehed upon most heavily for the most essential 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

activities, fewer than one out of twentT 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

Raft Translt
Bus
Drove Car
Rode Car
W~dk
O~her

TOTAL

To Work/ Personal
Return Home Business Shooomg

19 0% 10 1% 4 1%
17 08 49

70 7 76 0 78 0
43 85 72
24 46 49
19 O0 O0

I00 0% I00 0% I00 0%

Trip Purpose
Soctal/Recre-

attonal Other

3 7% 5 2%
31 41

83 4 77 0
49 70
31 29
18 38

100 0% 100 0%
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Tr~p Performance, Modal Splits, and Tr~p Purposes~

Rail transit was relied upon most heavily by stanon-area residents ma~ng relauvely long raps

--on average, around 20 miles one-way15 (Table 4 18) All other motorized forms of transport were

used for raps typmally m the 10-12-mile range In part because of the longer distances covered, rail

trips also tended to take the longest--on average, around 45 minutes Travel nines varied more

stgmficantly among modal classes than any tnp-makang variable 16 For the elapse pomon of raps,

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

Raft Drove Rode F-
Transtt Bu__.~s Car C~ Walk Other Stanstm Sag

Trip Length (miles)
Average 19 9 I1 0 11 5 i1 6 2 1 8 5 39 1 000
(Std Dev (11 2) (I0 2) (10 4) (I2.6) (6.3) (11 8)

Trip Tram (mms)
Average 44 5 38 8 25 6 25 1 20 3 26 4 65 0 000
(Std Dev (16 1) (23 3) (17.1) (17 2) (18 8) (17 4)

Trip Speed (mph)
Average 26 0 15 6 26 4 25 0 4 2 19 0 22.7 000
(Std Dev) (12 6) (12 0) (16 6) (19 8) (6 1) (14 6)

Trip performance also varied sigmficantly 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 transportation pohcy variables appear to have a strong influence on the modal splits

for work trips made by stanon-area residents (Table 4.20) Among workers residing near a rail sta-

tion who received transit allowances, 30 8 percent commuted by rail transit, among those without

aUowances, only 12.5 percent did Having access to a midday car also appeared to induce some

stanon.area residents to commute by rail transit By far the strongest influence was parking pohcies

m42 percent of station-area residents who paid for parking commuted via rail transit, compared

to 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 WorL/ Soctal/
Return Personal Shop- Recrea- F-
Home Business ~ ttonal Other Stattsttc

"htp Length (miles)
Average 13 7 9 4 6 4 11 5 8 7 14 9

(Std Dev (11 4) (9 3) (7 8) (11 6) (9 4)

1 np Ttme (rams)
Average 29 3 27 5 26 9 26 2 23 1 5 5
(Std Dev) (182) (197) (183) (190) (170)

T,np Speed
Average 27 0 21 6 18 9 26 2 21 8 8 9

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

000

000

000

Percent
of Tn~s by

R~fl Transit
Drove Car
Other

TOTAL

Table 4.20

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

Staggered Flexable Recelved Have Midday Provaded
Work Hours Work Hours Translt Access to Free

Available Available Allowance Comoanv Car Parking_
Ye...~s N__o Ye___ssN..oo Yess N__oo Ye_..~sN oo ½e__ssN._.oo

14 4 15 1 17 8 12 4 30 8 12 5 20 6 14 1 4 5 42 0
747 767 75 1 777 584 795 750 768 876 473
109 82 71 99 108 80 46 91 79 107

I000 I000 I000 I000 I000 I000 I000 I000 I000 I000

In general, modtfied work schedules, hke staggered work hours, were weakly assoctated

with modal sphts There was only a shght tendency for stauon-area residents with flextble work

schedules to favor rad commutmg

Influence of Trip Destmatzon

Ot~,e of the strongest deterrmnants of whether statton-area residents used ratl transit was their

destination If they were headed to a large downtown-- where parking Is usually expensive, con-

necting htghways are often congested, and rad servaces are the best-- statton-area restdents were

hkely to choose transtt For trips to smaller downtowns and regional subcenters, rad usage dropped

off markedly And for most other destmauons, fewer than one of twenty trtps were by raft
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Table 4 21 shows that among those irving near BART stations and heading to San Francisco,

eight out of ten trips were bv BART This compares with 26 8 percent of trips taken by rail for all

destinations Those living near BART stations and headed to other Bay Area urban centers well-

served by BART also relied heavily on rail access Around 62 percent of station-area residents

destined to Berkeley patronized BART Interestingly. around one-third of those heading to Walnut

Creek and Pleasant Hill, both characteristtcaUv suburban areas, patronized BART (This is 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 stations [Cervero, 1986] ) Table 4 21 also shows that

for all destinations other than those hsted, fewer than 3 percent of trips taken by station-area resi-

dents were by BART Table A4 6, in the Appendix, shows that destination is an equally important

factor in influencing modal splits for work trips For work trips destined to Oakland or Walnut

Creek/Pleasant HxH, around 40 percent of station-area residents patronmed BART

Table 4.21

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

Destmauon
Walnut
Creek/ Share

San Pleas. San Fremont/ of
Fran- Oak- Berkeley/ ant Leandro Union All All

Mode ciseo Land Albany Hill Ha H.~w~d City Other

Auto 18 2% 47.8% 28 6% 59 1% 70 0% 80 9% 90 5% 64 4%
Rail 79 8 31 9 61 9 32 6 15 6 13 2 2 6 26 8
Other 2 0 20 3 9 5 8 3 14 4 5 9 6 9 8 8

TOTAL 1000% 1000% 1000% 1000% 1000% 1000% 1000% 1000%

Share of MI Trips 12 6% 8 8% 2 7% 16 8% 20 4% 17 3% 21 4% 100%

NOTE "I he body of this table shows the percent of all trips to each destmauon made by each mode The
bottom row shows the percent of all trips by stauon-area residents destined to lunsdlcuons The
last column shows the percent of all trips by stauon-area residents by each mode

While rail usage was far lower for Santa Clara County residents, destination was also an

important predictor of mode choice (Table 4.22). For station-area residents traveling within San

Jose, nearly 15 percent patrorttzed 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 sprawhng office parks and abundant free parkang, fewer than 3 percent took rail transit In con-

trast, 92 percent of station-area residents working m the Silicon Valley drove alone to work (Per-

centage:s were fairly similar for work traps, as shown in Table A4 7, except rail was used relauvely

less for work raps to Palo Alto and Stanford Umverstty )
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Table 4.22

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

Destination
Share

Sdmon Palo Alto/ All of all
Modes San lose Valley1 Stanford Other Tops

Auto 80 6% 94 7% 88 0% 94 7% 89 2%
Raft 14 5 2 4 8 0 0 6 6 7
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% 4 5% 13 7% 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 staraon-area residents destined to lurisdlctaons The
last column shows the percent of all trips by station-area residents by each mode

Sthcon Vali(~ = Mountain VlCv¢, SanTM Clara, Sunnyvale

Among residents living near CalTram stations, rad usage vaned considerably depending on

whether they were headed to San Francasco or other destmanons (Table 4 23) While only around

10 percent, of all those hying near stanons rode CalTrain for all of their traps, among those going

to San Francasco, the share was 40 percent For work traps, 48 percent of trips by station-area resa-

dents to San Francasco were by commuter rail (Table A4 8 an 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

M ode casco SFO City Park Other Trios

A’Llto 56 1% 82 7% 79 7% 61 2% 86 4% 75 7%
lZ~ 390 115 39 61 45 97
Other 49 58 168 327 91 146

TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%

Share of All Trips 11 5% 14 5% 48 0% 13 7% 12 3% 100 0%

NOTE The body of this table shows the percent of all trips to each destmauon made by each mode The
bosom row shows the percent ofaU trips by staraon-area residents destined to lunsdmuons The
last column shows the percent ofaU trips by stauon-area residents by each mode
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tn the Sacramento area, trip destmauon was equally ~mportam (Table 4 24) Around 13 per-

cent of station-area residents travehng to Sacramento used hght rail, compared to only 3 percent

headed to all other destinations (For work trips, the difference was 18 4 percent versus 2 6 per-

cent, see Table A4 9 ) And m the San Diego region, station-area residents were most hkely to ride

the trolley tf thelr destination was within the city of San Diego, trips along the south hne and El

Cajon hne captured smaller shares of rail trips, and travel to almost any other destmanon was almost

exclusveety by some form other than rail transit (Table 4 25) (The city of San Diego was even

more dorrunam m capturing rail trips to work, as shown m Table A4 10 )

Table 4.2 4

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

Mode

Auto
Raft
Other

TOTAL

Share of All Trips

NOTE

Destination
All Share of

Sacramento Other All Trips

77 0% 95 4% 85 8%
13 I 3 1 11 5
99 15 27

100 0% 100 0% 100 0%

85 2% 14 8% 100 0%

The body of this table shows the percent of all trips to each destmauon made by each mode The
bottom row shows the percent of all trips by stauon-area residents destined to lurtsdtcuons The
last column shows the percent of all trips by staraon.area residents by each mode

Table 4.25

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

Destmauon

El Cajotd Chula Vista/ All
Modes San Diego La Mesa National CI~ Other

Auto 80 0% 87 8% 80.3% 98 5%
Raft 185 83 167 08
Other 1 5 3 9 3 0 0 7

TOTAL 100 0% 100 0% 100 0% 100 0%

Share of All Trips 36 3% 57 0% 2 7% 4 0%

NOTE

Share
of all

75 8%
115
12.7

100 0%

100 0%

The body of this table shows the percent of aLl trips to each destmauon made by each mode The
bottom row shows the percent of all trips by stauon-area residents destLned to jurtsd~cuons The
last column shows the percent of all trips by stauon-area residents by each mode
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5. Mode Choice Models for Rail Trips by Station-Area Residents

Th~s section builds upon the previous one by presenting several models that predict whether

station-area residents will patronize raft transit or other modes Binomial logit models are used to

isolate those factors which in combination do the best job of predicting which modes station-area

residents wiU choose Sensitivity tests are also presented

Mode Cbozce Model for Work Trips

Table 4 26 summarizes the logit model for predicting rail transit usage among all surveyed

station-area residents for work trips i~ This was determined to be the "best" model on the grounds

that it had the highest pseudo R-Squared statistic and outperformed all others in correctly predicting

whether an observed trip was by rail transit

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

~1 their workplace m rail travel drops off precipitously if station-area residents park freelS The next

Table 4.26

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

Fl-ee Parkm~
S°m Francisco Dummyb

List Bay Primary Center Dummy~

Vehicles A~tlabled

T,mnstt AUowancee

Company Car Accessr

Constant

Standard
Coe~cmnt Error St_Lg, n~cance

-2 467 232 000

2 089 364 000

0 610 312 050

-0 725 i86 000

0 815 260 002

0 567 331 047

-0 066 311 831

S~amma.t-v S t~tlstaes

Number of cases = 1,913
Chi-Square = -2 (log hkehhood rauo) = 262 78, p = 0000
P,,eudc~R-Squared = 1- (hkehhood rauo) = 618
Pc:rcent of all cases correctly predicted by model = 89 9
P~:rcent of raft trip cases correctly predicted by model = 68 4

Notes

al =Free parkmg at workplace, O=patd parking at workplace
b ] ---- San Francisco destitution, 0 = other desurt~tion
cl =Destm~tton ~ prmaary East Bay employment center - Oakland, Berkeley, Walnut Creek or Pleasant Hill,

0=other destination
dNumber of vehicles avaalable for use by household members

~1 = E mp|over helps pay ~tt expenses, 0 = employer prowdes no assistance
l = Employel- makes available company car, 0 = no company car available
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strongest predictor was destination --specifically. whether residents worked in San Francisco

or the large East Bay employment centers in Oakland, Berkeley, Walnut Creek, and Pleasant Hill

Relative to all other destinations (in the Bay Area as well as m Sacramento and San Diego), station-

area residents heading to San Francisco were six times as hkely to patronize rail transit and those

heading to a major East Bay center were twice as hkely to do so. all else being equal*9

All other variables included in the model are also consistent with expectations Rail ridership

fell with vehicle avaiiabihry -- each addmonal vehicle in the household of station-area residents

lowered the hkehhood of patronizing rail transit by around 10 percent, all other factors being con-

stant 2o Two workplace policy, variables also emerged as important predictors-- transit allowance

and access to a company car Holding other factors constant, station-area residents who received

some form of transit subsidy from their employer were around 15 percent more hkely to patronize

raft transit to work as their counterparts who received no assistance And if they had access to a

company car during the midday (in case of emergencies or pressing personal business), they were

likewise more likely to commute by rail

S~mulations were also carried out to shed additional hght mto these relanonshlps Based

on the model output, Figure 4 6 shows the sensm~ty of rail transit usage to changes in the three

strongest predmtors --parking pohcy, destination, and number of vehicles available 21 In this figure,

the values of the other predictor variables are set to zero-- e g., non-East Bay destination, no transit

allowance, and no access to a company car At one extreme, this graph shows that for someone

hying near a Bay Area rail station who has no vehicles available, works m San Francisco, and has to

pay for parkang, there ts 88 percent hkehhood theywill 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

llhan San Francisco, there is only about a I percent probabihty that they will opt for rail travel In the

more typllcal situation where someone had a smgle vehicle available, the model predicts there is a 24

percent chance they will commute wa rail transit if heading to a San Francisco workplace with free

l~arking and a 33 percent chance if going to a non-San Francisco destination with paid parkmg

The fact that probabtliues drop the sharpest between paid versus free parkmg underscores

the importance ofparkmg pohcies m mfluencmg mode choice, even among those hying within easy

walking distance of a station and heading to a destmatlon, Like San Francisco, that ts well-served by

transit 22 Probabilities change markedly, however, between San Francisco and non-San Francisco

destmations as well as free versus paid parkang. Figure 4 6 also shows that the probability of rail

usage fails the fastest (e g, steepest slopes) when going from a no-car to a one-car household

A,mcond simulation was produced wherein the values of the other predictor variables were

set to one’ --workers recexve a transit allowance, have access to a company car, and work in a large

F.ast Bay urban center (or else San Francisco) Figure 4 7 shows that under these conditions, proba-

bilities consistently rise Thus, there is a 98 percent probabihty that a station-area resident without
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car access who works for a company m San Francisco that charges for parking (and also provides 

transit voucher and allows midday usage of a company car) will commute via rall transit If the same

condmons hold except the resident has two vehicles avadable and works in Oakland instead, the

probabdlrv of rail usage falls to 64 percent And if th~s person were to receive free parkang at hzs or

her Oakland workplace, the probability falls to 12 percent The differential m probabilmes between

hines m the graph suggests that, all else equal, paid paring increases the hkehhood of rail com-

nautmg by around 50 percentage points Addmonally, a San Francasco destination increases the

odds of rail commuting by 25 to 35 percentage points relative to a large East Bay destination

Mode Choice Model for Work Tr~ps zn the Bay Area Only

Further insights into the importance oftnp destination in shaping mode choice were gained by

h mmng the analysis to lust Bay Area destinations (e g, only residents hvang near the BART, CalTram,

and SCCTA systems) Table 4 27 reveals that paid parking was agam 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

Free Parkm#

San Francisco Dummy~’

East Bay Primary Center Dummy¢

San Jose Dumm~

Bay Area Secondary Center Dummye

Vehicle Avxdabler

Constant

Standard
Coe~cmnt E~or

-2 501 368 000

3 329 705 000

1 722 608 005

1 440 622 021

-1 179 294 000

0 862 344 012

-0 522 692 451

Summary Stat~sracs

l~umber of cases = 976
Ch,-Square = -2 (log hkehhood ratio) = 240 73, p = 0000
Pseudo-R-Squared = 1- (hkelthood rauo) = 360
P:rcent of aa/cases correctly predicted by model = 89 8
Percent of tad trip cases correctly predicted by model = 67 56

Notes

al =Free parking at workplace, O=patd parking at workplace
b L=San F~nctsco destination, O=other d~tmatton
¢1 =Dcsttrtauon ts primary East Bay employment center - Oakland, Berkeley, Walnut Creek, or Pleasant Hill,

O--other destination
d~ = San Jose destination, 0 = other desttrmtton
e] =D~tmatton ts secondary East Bay employment center - Fremont, Hay~’~rd, San I.eandro, Lmon City,

Brisbane or San Francisco Au-port area, O=other destination
fl = Number of vehicles avmlabie for use by household members
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to riding rail transit among Bay Area residents hvmg near rail stanons The exponennatlon of the

coefficmnts on the destination dummy variables mdmate the relanve importance of different destma-

t,ons Relative to all other destinations than the ones hsted m the table, station-area res,dents head-

mg to San Franosco for work are more than 17 times as hkely to patromze rail, all else being equal If

the workplace ,s a large East Bay employment center (Oakland, Berkeley, Walnut Creek, and Pleasant

Hill), the odds of rail patronage are five nines higher than all other places than the hsted destmanons,

but 70 percent less than for a San Francisco destmanon Secondary Bay area employment centers

hke 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 stanon-area residents, Table 4 28 further substantiates the

importance of parkang pohcies and destmanons an influencing rail usage For this subpopulanon,

having flexible work hours was also found to be an inducement to tad usage, possibly because of

the abflzly to patronize BART under less crowded condmons when more seats are available

Table 4.28

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

Free Parking~

San Francisco Dummyb

East Bay Primary Center Dummyc

East Bay Secondary Center Dummyd

Vehicle Availablee

Flexible Hours t

Constant

Standard
Coefflctent Error

-2 446 268 000

2 857 431 000

1 594 383 000

1 022 433 018

1 239 379 001

-0 787 204 000

-0 449 426 288

Summar3, Statistics

Number of cases = 625
Chl-Square = -2 (log hkehhood ratio) = 155 16, p = 0000
Pseudo-B-Squared = 1- (l,kehhood ratio) = 386
Percent of all cases correcdy predmted by model = 85 9
Percent of rail trip cases correctly predicted by model = 63 2

Notes
a 1 = Free parking at workplace, O = paid parking at workplace
b I -- San F~-anctsco dcsttngtton, 0 m other destination
¢ 1 = Destination ts prtrrmry East Bay employment center - Oakland, Berkeley, Walnut Creek, or Pleasant Hill,

0 = otJler dcstmauon
d t = Dcstttlatton ts secondary East Bay employment center- Fremont, Hayward, San l.candro, Union City,

Bash,me, or San Francisco Airport area, O=other destination
©Number of vehicles available for use by household members
II=Has fl~able work schedule, O--does not
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Summary

This and the previous section underscore the importance of two factors m inducing rad usage

among stauon-area reszdences --parkmgpohczes and trzp destznatlons From a public pohcv

standpoint, st as clear that sf concentrating resldennal growth around statmns ts to have substantlal

payoff, st must be accompanied by programs that pass on true costs to motorists, including parkang

charges Addmonally, transmfocused housing wall not draw many people to transit tf workplace

destmattons are scattered throughout a metropolitan area For transit-focused housing to reap

mobdtty and envtronmental dividends, there must also be transmfocused employment centers

Th,s finding speaks to the need of encouraging concentrated employment growth around rail sta-

nons, m addmon to housing ~ whether m the form of mtxed-use transit villages or separate con-

centrations Whether such built forms are brought about through htgher motoring and parkang

charges or stronger regional planmng ,s a difficult pohtical choice

6. Mode of Access to and from Rail Stations

Information was also compiled on how resadents reached their neighborhood rail stanons

and traveled between their extt statton and ultimate destination Table 4 29 shows that nearly rune

o~,t of ten rad users reached the station near their home by foot The next most common mode of

access was to drive a car, pamcularly in the case of Sacramento RT and SCCT& Since all of the

stations near the surveyed residential prolects in these areas have ample park-and-ride facllmes, tt

appears that some residents are induced to use their automobiles to reach rail transit even when

they hve v;tthm a third of a tmle of a station (Of course, some station-area restdems mtght rely on

automobiles because of physmal impairments and the hke 23) Such raft trips do httle to improve aar

q~,ahty since the ermssmn rates of short automobile trips are fairly high owing to the mefficaency

o f catalync 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

Walk
Drove Car
Rtde as Pas,,enger
Bus
Other

Systems BART SCCTA C~Tram R.._T_T SDT

87 8% 89 3% 73 7% 92 0% 78 8% 95 2%
88 80 105 20 212 12
10 00 53 80 00 36
05 09 00 00 00 00
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 exit stanon, Table 4 30 shows that, wath the excep-

non of the CalTram systems, most walk to their desnnanon Bus travel is used as an access mode

to a far higher degree at the destlnanon end of the trip For those travehng to San Francisco, Mum

trolleys, cable cars, and hght rail vehmles are used as feeder connections as well

Table 4.30

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

AlI
Systems BART SCCTA CalTraln RT SDT

W:dk 74 2% 74 5% 76 5% 40 0% 83 3% 84 2%
Bus 20 6 21 8 5 9 55 0 10 0 15 8
Rode as Passenger 2 0 1 8 5 9 5 0 0 0 0 0
Other 31 19 117 00 67 00

TOTAL I00 0% 100 0% I00 0% I00 0% 100 0% 100 0%

Modes of access did vary somewhat dependmg upon trip purpose For all trip purposes, walk-

mg was the’ mare mode of access At the home end of the trip, when the automobile was used for

reaching a station, It was predomanantly 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 Social/Recre-

Work Business Shopping attonal Other

W:dk 87 7% 90 9% 100 0% 100 0% 86 0%
Drove Car 8 0 9 1 0 0 0 0 11 6
Rode as Passenger 1 2 0 0 0 0 0 0 2 4
Other 3 1 00 00 00 00

TOTAL 100 0% 100 0% 100 0% 100 0% I00 0%

exit station, wall~ng again predomanated 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)

Lasdy, the average time for accessing the nearest stauon 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

destmanons were not always near exit stations, it took longer, on average over 12 minutes, to reach
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Table 4.3 2

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

Personal
Work Business Shopping

~alk 73 8% 70 0% 81 2%
B as 20 3 2 4 18 8
R.,~de as Pas.,,enger 2 2 10 0 0 0
Other 3 7 17 6 0 0

Tr~p Purpose
Soclal/Recre-

at~onal Other

93 8% 69 2%
62 282
00 26
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 CalTram RT SDT

Travel Tune from Home
to Raft Sta~Lon

Average" (minutes) 8 19 9 82 9 39 5 55 6 22 4 77
(Std Dev (9 23) (10 87) (8 58) (5 32) (5 08) (6 98)

"[’ravel Tune from Raft
Stauon to Workplace

Average (minutes) 12 17 13 48 9 44 13 47 8 13 13 2
(Std Dev) (14 30) (16 85) (10 70) (10 27) (8 78) (12 87)

TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%

one’s final destmauon after leawng the rail station Destinations appeared much closer to Sacra-

mento RT’s exit stations than BART’s

7. Changes in Commuting Behavior from Prior Residence

Changes zn Mode of Travel

To gain better insights into the benefits associated with Cahformans residing near rail sta-

tions, data were also collected on how station-area residents usually commuted at their prior resi-

dence, ff that residence was in the same metropohtan area The most significant environmental and

rnobihty benefits would accrue if substantial numbers of current rail commuters previously drove

alone to work (when they resided farther away from a station) Residences near SCCTA stations
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were omitted from this analysis since Santa Clara County’s light rail system was only recently

opened, meaning relatively few stat,on-area residents would have been able to commute by rail

transit previously Also, changes In mode of travel were examined only for those whose workplace

locanon did not change between thear former and present res,dence

Among current rail commuters residing near raft stauons, 28 8 percent usually drove alone

te, work at thelr 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 raft commuters, however, previously rode rail-- 42 5 percent And around 14 percent

previously commuted by bus Thus, a majority of current rail users previously patronLzed some form

ot" mass transit when they resided farther away from a rail station Part of the h~gh 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 clue to habit, personal taste, or happenstance Addmonally, the

decision to rent or buy a home near a rail stanon might have been influenced by a desire to com-

mute to work by rail transit

Table 4.3 4

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

Usual
M ode for Current Usual Mode to Work
Prior Drive Ride
Residence . Car Car Raft Bums Walk O.ther

Drove Car 82 0% 65 5% 28 8% 23 5% 40 0% 20 0%
Rode Car 2 0 I0 3 3 9 5 9 0 0 0 0
Raft 9 3 6 9 42 5 23 5 13 3 0 0
Bus 2 6 10 3 13 7 41 2 20 0 30 0
Walk 3 2 6 9 4 6 5 9 20 0 15 4
Other 0 9 0 0 6 5 0 0 6 7 34 6

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 mormng from

their prevxous residence. And almost 10 percent previously commuted by rail transit, even though

they hved farther from a rml station

Table 4 35 provades a shghtly different perspecuve by showing how current travel differs

fi’om the past Among those who previously solo-commuted, around three-quarters stlU solo-

commute even though they hve closer to a rail station Just 15 7 percent of the former solo-

commuters currently ride rail transit to work, the majority of these individuals, moreover, changed

rl~eir workplace address, further suggesting the importance of destination as a determinant of rail
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Table 4.35

htfluence of Prior Commuting Mode on Current Commuting Mode

Current Usual Mode for Prior Residence
Us ual Mode Drove Rode
Re sldence Car Car Raft Bus, Walk Other

Drive Car 75 5% 38 5% 18 3% 11 4% 41 2% 25 6%
Pdde Car 4 8 7 7 1 2 2 9 5 9 5 0
Rad 15 7 46 2 76 8 54 3 41 2 70 0
Bus 12 76 24 171 00 00
W:dk 2 0 0 0 I 2 5 7 11 8 0 0
Other 0 8 0 0 0 0 8 6 0 0 0 0

TC)TA_L 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%

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

switched to rall commuting--46 2 percent

O’~anges i,n Commute Distance and Tzme

Among those changing residences within the same metropohtan area (but retalmng the same

workplace), average commute distances and travel nmes increased once they moved near a rail

station (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

Pnor Commute Distance (Mdes)
Average 13
(Std Dev) (12

Current Commute Distance (Mdes)1

Average 14

All
SArstems BART SCCTA CalTram RT SDT

54 16 58 14 O8 15 27 9 96 9 26
34) (14 78) (13 89) (9 66) (7 08) (6 08)

54 20 42 12 43 16 90 7 67 11 42
(Std Dev) (13 24) (15 96) (13 10) (11 85) (4 89) (6 05)

Prior Commute Time (Mm)
Average 29 8 36 5 32 9 29 0 21 6 19 6
(Std Dev) (22 1) (24 9) (26 2) (16 4) (11 69) (12 90)

Current Commute Time (Mm)1
Average 36 7 53 4 26 4 36 2 23 8 29 3
(Std Dev) (52 2) (80 8) (21 1) (17 9) (19 3) (14 6)

l~[hese statistics differ from those m Table 4 7 because they are lUSt for work trips and for subpopulattons whose
re.stdences changed w~thm the same metropohtan area yet their workplaces remained the same
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distances could reflect the decision of some resldences to trade-off longer commutes for residing

m ,1 neighborhood with good rail transit access and perhaps more affordable housing These

relauonshq:~s were not uniform, however-- m the cases of SCCTA and Sacramento RT, average

commute d~stances and umes fell following the move to a stat,on area

8. Conclusion

The analyses m this chapter reveal the importance of parking pohcies and the built environ-

ment an shaping the travel choices of those hying near Cahforma’s rail stauons Station-area resi-

dents are anywhere from live to seven tames more hkely to travel v~a rail transit than someone else

hvmg within the same community or regaon If they work an a malor urban center served by ra,l

transit and face daily parking expenses, the hkehhood of commuting by raft increases markedly--

as hagh as 90 to 98 percent, depending on whether lncenuves hke employer-paad transit allowances

are’ offered If, on the other hand, they work m a suburban office park not served by raal but well

endowed with free parking, the odds of commuting by rml falls to nearly zero This chapter further

revealed that most raal commuters access stauons by foot, which bodes well for transit-based hous-

ing from an aar quahty standpoint Also, around 28 percent of stauon-area residents who currently

commute by raft previously drove alone to work when they resided elsewhere within the same

metropohtgm area Larger shares, however, previously commuted by some form of mass trans,t,

wl’tlch suggests that the choace to move to a resadence near a rail station might have been mflu-

en,ced by a desare to commute by rail transit

Clearly, fftransit-based housing imtmtives are to yaeld s~gmlicant environmental and mobahty

be nefits, they must be accompamed by other land-use measures whlch attract employment growth

to rml stataons as well as transportataon demand management programs, hke mandatory parking

ch,arges In short, for transit-based housing to win over many former motorists, the metropohtan

structures of regions will need to more closely resemble those of places hke greater Stockholm

and Toronto ~both of whach have hagh shares of rail commuting and slgnilicant concentrations of

population and employment wathm walkang distances of rail stations Such built forms are hke

"pearls on at string," w, th each pearl representing a residentml, employment, or mixed-use center,

strmged together by subways Market-rate parking charges are also prevalent in these and other

large metropohses with high levels of rail usage

Whether more clustered development is socially desirable is a bagger quesuon that cannot be

answered fiom thas research And flit as, whether market-based measures hke road prxcmg or more

centrahzed planmng mmauves would be the best means of achieving a transit-support~ve urban

folxn is largely a political decasion What can be said from thas research as that for transat-based

housing to yaeld s~gmficant benefits, there must also be large concentrauons of employment near

rail stations, and programs whach pass on true costs to motorists and parkers
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Notes

~What was considered a "main trip" was up to each respondents’ own interpretation Also, trip data were
requested for the prior day In order to reduce selection bias and to provide a full-day perspective on travel
behawor If the previous day was a Saturday or Sunday, respondents were asked to provide travel data for
the last weekday they worked See the survey m Appendix A

2MI of the statistics for the three metropohtan areas presented in this chapter were computed from Sum-
mary Tape File 3A for California, provaded by the 1990 U S Bureau of Census

3Vehicles were defined as autos, pickups, and vans, motorcycles were excluded in the definmon of vehicles

4This totaled 1,420 --893 primary respondents (the person filling out the survey, which m most cases repre-
sented the household’s pr~nary wage-earner) and 527 secondary respondents 0dentdaed as a second adult
m the household)

5Respondents represent all adults for whom travel data were prowded in the survey returns

6These percentages, of course, reflect the ethnic compositions of station areas surveyed The relatively high
shares of whites partly reflects the fact that the majority of station areas survyed could be charaeterLzed as
suburban

7"lhe weighted-average ethnic composmon for the three metropohtan areas in 1990 was Mncan Ameri-
cans --7 8 percent, Asian Americans --12 6 percent, Hxspamc --4 9 percent White --71 7 percent, and
Other --3 (3 percent

8The 1990 weighted-average breakdown for the three metropolitan areas was managers/professionals
35 1 percent, Clermal/Accounting --16 3 percent, Sales/Servaces ~21 5 percent, and Other ~27 1 per-
cent

9Other ts dethled as craftsman, laborer, and all other occupations besides those listed m Table 4 3

1°.411 1990 Iourney-to-work census statistics for the Bay Area were obtained from the Metropohtan Trans-
portataon Commission (1993) For other areas, data were compiled from STF-1 of the U S Bureau 
Census Statistics are for all work trips made by all modes, including walking and bicycling, they exclude
workers who work at home, however

nTwice as many residents m these three counties ~10 1 percent ~commuted to work using all forms of
mass transit, mcIudmg 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

12~Jl modes of transit (which m Santa Clara County’s case was predommately bus) are used since the SCCTA
light rmI system did not begin operations until 1991, one year after the census surveys were conducted

X3These statistms are for all transit modes, including bus Source U S Bureau of Census, Summary Tape
File 3A

~4UnAlke the other sub-sections, transportation mode functions as the independent variables m th,s sub-sec-
tion and all other vat’tables presented are influenced by transportation mode

19I’hls staustm seems rather high gaven the fact that the average length of work trips nationwide was around
2L 1 9 miles m 1990 (Plsarska 1992) The Bay Area averages shghfly longer raps than the national average
because of the presence of a large water body m the center of the metropohs StiU, the inflated mp length
~,,tatistic suggests that some of the respondents might have recorded two-way trip lengths, despite the fact
that one-v,~ty lengths were expressly requested Any biasing effects, however, were likely comparable
across subpopulations and modal classes, meaning the relarave differences shown m Table 4 18 probably
~tiU hold

~6"I’he F-stati,mc is based on an Analysis of Variance comparison of trip tames among modal classes

~7~lhe dependent variable, mode of travel, was coded 1 for raft transit trips and 0 for all other modes com-
bined Thus a simple binary analysis of mode choice was carried out Also, models were only predicted
for work nips (which made up the majority of all trips), however, the models esmnated for all trip pur-
poses were almost identical to the work trip models and are thus not presented
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lSThis ts refl,ected by the high coefficient for the "Free Parking" variable relative 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 variable and mode choice

19Only this trichotomous breakdown of destanat~ons --San Franc~so versus large East Bay centers versus all
other destmat, ons Nwas statastlcally s~gmficant m terms of dummy variables

2C’l"his should be interpreted as increasing a probabthty by nearly 50 percent Thus, if the model predicts a
probabd,tT of 0 20 that someone will ride raft transit if they have a single vehicle available, if they were to
suddenly have two vehicles avadable, their probabd~ty, according to the model, would falI to 0 18

21-i-hl s is an .a,nalysls of Covananee, where vehicle avadabdity functions as the covarmte and the other variables

as the treatment variables

22.amother v<ay of showing this ts that from the top line of the graph (paid parking, San Francisco destination),
the free parking sltuatlon (reflected by the third hne from the top) has lower probabdmes than the non-
San Franc, sco situation (reflected by the second line from the top)

23Addmonal~y, m some areas, residents have been known to travel outbound to a terminal station m order to
increase the ltkehhood ofobtmnmg a seat Such behavaor has been observed among reszdents of Walnut
Creek and Lafayette who travel to Pleasant HtU or Concord to catch BART m the morning because seats
are often taken by the tame rebound trmns reach stations in these crees
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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 soclodemogra-

phtc characteristics of workers are drawn A loglt model is then built to isolate those factors most

strongly associated with rail usage In addition, the modes of access to and from offices near rail

transit stations are studied Finally, midday trips made by stanon-area office and factory workers

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

2. Background: Household and Demographics Characteristics

The sample of workers surveyed in this study differs from a general cross-section of workers

m the reglons studied To begin with, the average household among respondents was larger than

the weighted average for the three metropohtan 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 sties served by the San Diego Trolley (3 26) was considerably

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 CalTram RT SDT

Household Size
Average 2 81 2 73 2 7 2 65 2 78 3 26
(Std Dev) (1 42) (1 27) (1 41) (1 28) (1 33) (1 75)

No of Vehicles Available
Average 2 08 2 06 2 11 2 07 2 12 1 92
(Std Dev (0 95) (0 94) (0 99) (0 95) (0 99) (0 82)

The average number ofvehmles available to station-area workers was 2 08, which is considera-

101y above the weighted average of 1 73 for the three regions The ratio ofvehmles to persons in the

household, 0 95, is also stgmficantly higher than the weighted average for the three regions (0 64)
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Thls lndical es workers near rml 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 thirties

(Table 5 2) San Diego Trolley stations had a particularly high share of surveyed office workers

who were female, while CalTram had nearly a 50-50 gender split

Table 5.2

Station-Area Worker Sociodemographic Characteristics

All
Systems BART SCCTA CalTram RT SDT

Age
Average 37 3 36 3 35 9 36 81 38 8 37 1
(Std Dev) (9 7) (10 1) (10 9) (8 7) (9 4) (9 0)

Percent Female 62 9 65 3 56 2 50 7 64 7 71 7

A relatively high share of respondents worked m managerial or professional occupations and

a relatively small share worked m sales and servaces (Table 5 3) Managers and professionals accoun-

ted for 41 7 percent of aU workers surveyed, compared to 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-

p2tred to 2 t 5 percent of the workforce m the three regions I In San Diego, over half of surveyed

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

Table 5.3

Station-Area Worker Employment Characteristics

All
Systems BAR T SCCTA CalTram RT SDT

Occuparaons - Percent
ManageNFrofessional 41 7 38 8 55 1 52 9 40 6 28 6
Clerical/Accounting 35 9 43 7 22 8 33 3 40 2 20 0
Sales/Services 5 9 6 2 12 5 4 9 6 1 1 1
Other 16 5 11 4 9 6 8 8 13 1 50 3

Annual Salary - Percent
$0 - $20,000 15 3 13 0 12 8 6 0 10 2 44 8
$20,000 ° $40,000 44 9 47 6 42 1 40 8 52 8 25 7
$40,000 - $60,000 23 9 24 3 23 3 20 9 29 8 12 0
$60,000 - $80,000 8 3 8 0 10 5 16 0 5 6 6 0
> $80,000 7 6 7 0 11 3 16 4 1 5 11 5
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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 Dingo Trolley, 44 8 percent earned $20,000 or less-- reflecting the large

shares of serm-shlled workers and part-nme mthtary personnel who work at the businesses and

light manufacturmg plants that were surveyed on the south line

3. Trip Characteristics of Station-Area Workers

Modal Sphts 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 walkang, and 2 2 percent by other modes

(including bike and taxi) 2 Among automobile commuters, 68 percent drove alone, 10 percent

drove a catpool, and 4 6 percent rode in a carpool or vanpool Among those workang near a BART

station, 68 3 percent drove alone and 17 1 percent commuted by rail This is in contrast to the

average rail commuter share for the counties served by BART--Alameda, Contra Costa, and San

Francisco Counties3 --of 5 percent It is more than twice the share of work trips by rail by those

workang near SCCTA hght 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 

Table 5.4

Mode Splits For Station-Area Workers

All
S~tems BART SCCTA C~Tram RT SDT

Percent of ~:lps
Drive Car 68 0 68 3 79 6 73 2 67 0 55 8
Drive w/O~ers 10 6 6 3 73 8 3 13 6 174
~de m C~ 4 6 2 0 5 1 2 0 5 0 12 1
Raft 88 171 80 39 63 32
Bus 39 34 00 10 54 74
W~k 18 17 00 34 08 42
B~e 15 02 00 73 10 00
O~er 07 10 00 10 08 00

N 0 of Cases 1,421 410 137 205 479 190

On average, people working near rail stations in Califorma were about 2 7 times more likely

to travel to work by rail than other commuters in the same metropohtan area4 In the case of BART,

there is nearly three-andoa-half times 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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Tr,p Lengtbs, T, mes, and Speeds

Among those working near California rail stations, the average trip to work was 14 7 miles

(Table 5 5) The commute averaged 32 2 minutes at a speed of 27 9 mph, with a high degree 

variation 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 time to

access transit stops

Table 5.5

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

All
Systems BART SCCTA CaJTram RT SDT

Trip Length (miles)
Average 14 7 17 0 16 3 12 3 14 8 11 9
(Std Dev) (12 6) 04 6) (15 8) (11 4) (10 8) (10 1)

Trip Time (minutes)
Average 32 4 34 6 35 3 28 2 31 8 36 0
(Std Dev) (22 7) (22 8) (21 3) (20 9) (21 7) (23 2)

Trip Speed (mph)
Average 27 9 28 8 29 0 25 2 28 4 26 9
(Std Dev) (20 4) (22 1) (34 4) (15 6) (16 9) (15 2)

Trips by rail were typically longer than those by other modes 21 9 miles compared to 14 8

miles for dlave-alone trips (13 2 miles for trips by bus) As a result of longer distances and lower

speeds, traps 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 as consadera-

bly less dramatic than the difference reported m 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 bye

near rail, compared to those persons who live but do not necessarily work near raft 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 ctty-by-caty origin-destination patterns of work trips made

by station-area employees by rail transit versus automobile in the Bay Area The high volume of

auto traffic between Fremont, San Jose, and Sahcon Valley. (Map 5.1) as explained by the large

numbers of employees in high-technology fields who work near BART and SCCTA stations and

who hve m pockets of relatavely affordable housmg in the South Bay By contrast, there as rela-
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tlvely httle auto commuting across the Bay Bridge to BART-served workplaces, evidently because

B.4KI" commuting Is advantageous for such travel, as suggested m Map 5 2

Map 5 2 mdmates the heaviest corridors of ra,l commuting to workplaces near Bay Area rail

st~Luons are (1) central Contra Costa County to San Francisco, (2) Fremont to San Franc,sco 

Berkeley, and (3) Walnut Creek to Oakland By contrast, rail traffic between crees served only 

SC, CTA and CalTram seem meager

Commute Trap Cost Cbaracterzstws

On average, station-area workers who commuted by rail transit paid $3 m round-trip fares,

though there was considerable variation, rangmg from $1 77 for RT users to $3 79 for CalTram

commuters (Table 5 6) Tolls were incurred mamly by workers dnvmg across the San Francisco°

Oakland Bay Bridge For the most part, those workmg near rail stations enjoyed free parkang or

paid nominal amounts per day

Table 5.6

Station-Area Worker Commute Trip Cost Characteristics

All
S~tems BART SCCTA CalTram RT SDT

Roundtnp ]Fares
Average ($) 2 99 3 31 2 67 3 79 1 77
(Std Dev) (1 60) (1 58) (2 54) (1 64) (0 58)

Parlang Cost
Average ($) 0 25 0 11 n/a n/a 0 50
(Std Dev) (0 49) (0 30) (0 87)

n/a

n/a

"tolls
Average ($) 0 94 1 18 0 62 n/a n/a n/a
(Std Dev) (1 53) (1 64) (0 87)

Workplace Transportation Policies

About halftheworkers at sties near CalTrain and Sacramento RT stations said their

employers offer flexible workttme privileges (Table 5 7). San Diego Trolley workers cited a much

lower incidence ~ 12 4 percent ~far below the mean mcidence (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 CalTram 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 CalTram RT SDT

Percent with flextame privileges 42 9 38 5 42 5 53 4 53 1 12 4
Percent with staggered workhours 16 6 11 3 16 4 13 2 26 3 5 2
Percent provided a ear

for mlddiay use 14 7 8 8 23 1 24 7 16 4 4 6
Percent with transit allowance I4 2 9 6 3 0 7 4 21 1 23 5
Percent w~t2t free parkmg 76 2 80 4 78 4 90 9 76 1 47 7

Monthly Parlang 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 also had the lowest incidence of employer-provided free

parking (47 7 percent compared to the 76 2 percent average) Despite these two Inducements 

patromze t aft, sites located near the San D~ego 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 m Chapter Four, this section explores how various demogra-

phic, trip-makmg, and travel cost characteristics ofstauon-areaworkers are associated with rail usage

This analysis provides background for estimating mode-choice models for stauon-area workers

I~fluence of Household Characterzstzcs

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

whereas rail use declined as household sine increased More strongly related to modal chome is the

Table 5.8

Influence of Household Size on Modal Splits of Station-Area Employees

Modes

Drive Car
Drive w/Orb ers
Ride m Car
Raft
Bus
Walk
Older

TOTAL

Household Sine
1 2 __3__ 4 or more

68 7% 65 3 71 2 68 6
5 7 10 6 11 3 12 9
05 52 26 75

128 92 99 58
43 52 18 38
47 18 04 09
33 28 29 04

100 0% 100 0% 100 0% I00 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 m 3 + car households (Table 5 9)

Table 5.9

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

Number of Vehicles Avadable
For Use by Household Members

Modes __Q_0 1 2 3 or more

Drive Car 0 0% 55 2% 71 3% 76 9%
Diwe w/Others 6 3 12 6 10 4 9 2
thde m Car 0 0 4 9 4 5 4 9
Raft 62 5 13 5 7 0 5 4
Bus 25 0 5 7 3 6 1 9
Walk 6 3 4 9 0 7 0 8
O1 her 0 0 3 2 2 5 0 8

TOTAL 100 0% 100 0% 100 0% 100 0%

Ir, fluence of Soczodemograpbic Factors

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

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

Table 5.10

Influence of Gender on Modal Splits of Station-Area Employees

Gender
Female Male

Drive Car 68 8% 66 7%
Drive w/Oflhers 11 3 9 4
Ride m Car 5 9 2 7
Ratl 7 8 10 7
Bus 3 8 4 0
Walk 1 6 2 1

Other 0 9 4 4

TOTAL 100 0% 100 0%

effect on tail ndership -- for those over 20 years of age, between 8 and 10 percent commuted by rail

transit (Table 5 11) No strong patterns emerged between either occupation or salary and workers’

commuting modes --clerical/accounting workers and middle-income workers averaged shghtly

h~gher rales of rail comll’lUtlng (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

Mode 0-20 21-30 3_.1.-40 41-50 50-70 > 70

Drove Car 95 2% 69 6% 67 8% 64 7% 67 0% 73 9%
Drive w/Others 4 8 10 3 10 5 12 1 11 8 2 2
Ride m Car 0 0 5 0 4 2 4 6 5 5 6 5
Rad 0 0 8 4 8 2 10 0 10 2 8 7
Bus 0 0 3 3 4 0 4 3 4 7 4 3
Walk 0 0 1 7 1 6 2 4 0 8 4 3
Other 0 0 1 7 3 6 1 9 0 0 0 0

TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%

Table 5.12

I~ntfluence of Occupation on Modal Splits of Station-Area Employees

Modes

Drive Car
Drive w/Others
Ride in Car
Rml
Bus
Walk
Older

TOTAL

Occupations
Manager/ Clerical/ Sales/

Professional Accounting Services Other

83 1% 69 2% 68 1% 59 8%
36 85 118 155
12 31 42 104
72 109 84 52
24 27 50 52
00 17 14 36
24 38 12 04

100 0% 100 0% 100 0% 100 0%

Table 5.13

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

Modes

Drive Car
DI lye w/Others

Ride in Car
Raft
Bus
Wadk
Other

TOTAL

$20,000- $40,000- $60,000-
0420,000 ~40,000 ~60,000 $80,000 >$80,000

63 9% 69 7% 65 3% 67 5% 73 8%
12 7 10 6 11 3 11 4 3 9
88 52 21 09 29
78 72 132 105 58
44 43 52 00 29
24 18 09 44 10
00 12 18 52 97

100 0% 100 0% 100 0% 100 0% 100 0%
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Influence of Trzp Length and Tzme

As discussed m Chapter Four and suggested in the spatial analysis in this chapter, among

statlon-area workers the propensity to use rail increased with trip length The average commute by

rat[ was 21 9 miles, longer than trips made by any other mode (Table 5 14) In any metropolitan

are’a, a trip of this length could probably not be made by auto without travehng a substantial portion

ofl:he way G,n the freeway network The need to do so might be a significant deterrent to automobIe

tra~,el when there is a viable rail alternative Even tf rail is only used for the hne-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 in any ofCahforma’s metropohtan areas Table 5 14 also shows that Station-

area workers who commuted by rad spent nearly twice as long reaching their workplace, explained

paJvtly 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 Drove w/ Rode
Alone Others m Car R~ Bus Walkk Other

Trip Length (miles)
Average 14 8 14 0 15 0 21 9 13 2 0 7 11 8
(Std Dev) (lX 9) (9 8) (11 0) (14 6) (9 7) (0 6) (5 4)

Trip Time (minutes)
Average 29 0 32 7 31 9 55 7 42 8 16 5 17 8
(Std Dev) (20 5) (23 6) (20 7) (21 4) (20 8) (12 2) (13 0)

Trip Speed (mph
Average 30 3 26 3 28 8 22 4 18 0 2 7 9 3
(Std Dev) (22 7) (12 6) (14 8) (10 0) (8 9) (1 5) (7 0)

Influence of Workplace Transportation Policzes

The various transportation pohcles pursued by employers had conflicting impacts on rail

ridershlp (Table 5 15) Staggered work hours appeared to discourage rail ridershlp Only 5 3 per-

ce at of wotkers at firms which staggered work hours commuted by rail, compared to 8 8 percent

of workers at firms that did not The abihty to shift one’s commute from peak period to off-peak

rmght have made auto commuting more attractive

Differences were even greater where employees received a travel allowance-- they are more

than four times as hkely to take rail to work While only around one-half of station-area workers

who received 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 availabll-
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Drove Car
Drove w/Others
Rode m Car
Rat[
Bus
Walk
Other

TOTAL

Table 5.15

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

Staggered Flexible Received Provide

Work Hours Work Hours Transit Free
Available Avadable Allowance Parking_

Yes No Yes N_9o Yes No Yes N.__0_o

72 89 75 99 76 59 74 39 53 19 78 99 83 19 50
16 0 10 5 11 1 11 6 12 4 11 1 11 2 12
24 29 19 35 51 24 19 5
53 88 86 81 243 58 30 25
10 09 06 11 45 03 02 3
05 04 02 06 06 04 01 1
19 07 11 07 00 10 05 2

1000% 1000% 100 096 1000% 100 096 1000% 1000% 100

Have Midday
Access to

Company Car
Yes N_.~o

29 70 99 76 09
1 132 11 1
7 22 29
6 104 79
0 11 09
3 05 04
0 16 08

0% 1000% 1000%

try of free parking Only 3 percent of the workers who received free parking commuted by rail,

whereas over one-quarter of those who had to pay to park opted for rail commuting

Access to a company car seems to have made travel by rail more appeahng 10 4 percent

with acces,i commuted by rail compared to 7.9 percent without access The need to make midday

tm ps away from the workplace does seem to be an important determmantm 11 percent of workers

commuted by rail when no midday mps were made, compared to only 6 5 percent when one mid-

day mp was made The need to make at least one midday trip for company or personal business

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

Influence of Trip Origin

Persons who hve in all area served by the same rail system located near their workplace are

shghtly more hkely to commute by rail For example, 19 3 percent of those who lived in areas served

by BART arid who worked near BART stations commuted by BART compared to 12 8 percent of

those who worked in similar settings but did not bye in BART-served clues (Table 5 16) The high-

est incidence of BART usage was by Oakland residents who worked near a station-- 43 percent

Of persons workang at sites near SCCTA stauons, 15 9 percent of those hying in San Jose

commuted by hght rail (Table 5 17) By contrast, none of those surveyed who hved m the Sihcon

Vadley (also served by rail) used the system Of persons hvmg m cities not served by SCCTA’s rail

network, only 2 5 percent rode hght rail to work

A smaller proportion of those who hve and work m cities served by CalTrain rode CalTrain

to work than those who hve in cities not served by that system (Table 5.18) At the level of aggrega-

non for which residential data are available, there appears to be no relauonshtp between residential

proximity to CalTram and ridership A similar result was found for persons working near the San

Diego trolley (Table 5 19) and Sacramento RT (Table 5 
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Table 5.16

Modal Splits for Work Trips by BART Area Workers, by Origin

Origins Not Served by BART
Others Total

Iaver- Not Not Walnut
more Antioch Served Served Oakland Creek

Origins Served by BART
Others Tom[ Share

San Served Served of
Fran- by b~ work
cisco Hayward Concord BART BART

Drove Car 76 7% 83 3% 98 6% 76 7% 35 7% 72 7% 25 8% 75 9% 70 4% 73 9% 64 4% 68 3
Drove
w/Others 93 42 20 45 143 91 65 34 11 1 51 69 63

Rode Car 23 00 20 15 00 00 32 34 00 29 22 20
Pad 93 12 5 20 1 12 8 42 9 9 1 32 3 17 2 18 5 13 8 193 17 1
Bus 00 00 80 30 36 45 161 00 00 22 36 34
Walk O0 O0 O0 O0 O0 45 97 O0 O0 22 25 17
Other 23 00 20 15 36 00 65 00 00 00 11 12

TOTAL 1000% 1000% 1000% 1000% 1000% I000% 1000% 1000% 1000% 1000% 1000% 1000%

Share of
Work Trips 10 5% 5 9% 16 1% 32 5% 6 8% 5 4% 76% 7 1% 6 6% 33 7% 67 6% 100 0%

NOTE The lc~ody of flats table shows the percent of all trtps from each ortgL, a made by each mode The bottom row
shows the percent of all mps by station.area workers who restded m each lurisdtcuon The last column shows the
percent of all raps by station-area workers by each mode

Table 5.17

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

Origins Not Origins Served by SCCTA Share
Served by Sdtcon Total Served of Work

SCCTA ~ San Jose By SCCTA

Drove Car 83 3% 76 9% 78 3% 77 9% 79 69
Drove w/Others 11 9 15 4 1 4 5 3 7 3
Rode Car 48 77 43 53 51
l~ul 0 0 0 0 15 9 11 6 8 0
Bus 0 0 0 0 0 0 0 0 0 0
Walk 00 00 00 00 00
Other 0 0 0 0 0 0 0 0 0 0

TOTAL 100 0% 100 096 100 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 raps from each ongm made by each mode The bottom row
shows the lx:rcent of all trips by statton-area workers who resided m each lunsdmtton The last column shows the
percent of all trtps 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

Qngms Not Served by CalTram Orlgms Served bv CalTram
Others Total Others Total Share
Not Not Sdtcon Palo San Served by Served by of Work

_Cupertino Served Served Valley Alto Mateo CalTram CalTram Trios

Drove Car 57 9% 86 7% 75 5% 59 0% 58 8% 92 6% 80 4% 72 4% 73 2%
Drove w/O~thersl0 5 3 3 6 1 12 8 5 9 0 0 12 5 9 0 8 3
Rode Car 5 3 0 0 2 0 0 0 2 9 0 0 3 6 1 9 2 0
Rad 53 33 41 51 29 74 18 38 39
Bus 53 00 20 00 00 00 18 06 10
Walk 00 00 00 154 29 00 00 45 34
Other 15 8 6 7 10 2 7 7 26 5 0 0 0 0 7 7 8 3

"I OTAL 1000% 100 0% 1000% 1000% 100 0% 1000% 100 0% 100 0% 1000%

Share of
Work Trtps 9 3% 14 6% 23 9% 19 0% 16 6% 13 2% 27 3% 76 1% 100 0%

~TOTE The body of thts table shows the percent of all raps from each ortgon made by each mode The bottom row
qhows the percent of all trtps by stauon-area workers who restded m each lunsdtcuon The last column shows the
percent of all trips by statton-area workers by each mode

Table 5.19

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

Origins Not Served by Sacramento RT Origins Share
Others Total Served by of Work

Auburn Folsom Not Served Not Served Sacramento RT Trips

[)rove Car 64 7% 67 4% 68 8% 67 6% 66 1% 67 0%
[)rove

w/Others 23 5 14 0 12 5 14 7 I2 4 13 6
Rode Car 5 9 5 4 7 3 6 2 3 7 5 0
Ra~ 59 109 21 69 55 63
Bus 00 08 94 39 73 54
Walk 0 0 0 0 0 0 0 0 1 8 0 8
Other 00 16 00 08 32 18

TOTAL 1OO 0% 1OO 0% 1OO 0% 1Ot3 0% I00 0% I00 0%

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

NOTE The body of flits table shows the percent of all traps from each ongm made by each mode The bottom row
~hows the percent of all trips by statton-area workers who resided m each lun.sdmtton The last column shows the
percent of all raps by statton-area workers by each mode
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Table 5.20

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

Origms Served By San Diego Trolley Share
Total Total Served of Work

Not Served Chula Vista La Masa ~ by S D Trolley .Trips

Drove Car 65 0% 43 1% 55 6% 59 8% 54 3% 55 8%
D rove

w/Others 5 0 23 5 22 2 15 7 18 5 17 4
Rode Car 0 0 23 5 11 1 8 8 13 6 12 1
Rml 50 00 111 39 31 32
Bus 20 0 3 9 0 0 7 8 6 2 7 4
~alk 50 59 00 39 43 42
Other 0 0 0 0 0 0 0 0 0 0 0 0

OTAL 1000% 1000% 1000% 1000% i00 0% 100 0%

Share of
Work Trips 10 5% 26 8% 4 7% 53 7% 85 3% 100 0%

NOTE The body of this table shows the percent of all raps from each ongm made by each mode The bottom row
shows the percent of all trips by station.area workers who resided tn each jurisdiction The last column shows the
percent of all trips by station-area workers by each mode

Another spatial factor influencing rtdership is the proximity of the place of work to the near-

e,st rail transit station Close proximity of an employment site to a rail station corresponds to high

levels of l~ail 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

proximt W and ridership is discussed further in Chapter Seven

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

As in Chapter Four, a binomial logit model was estimated to identify which variables best

explained the decision by station-area workers to commute by rad A model of modest predlcnve

ablhtles was esumated, one that predicted non-rail commute choices quite accurately but which

could not predmt rail commutes above 50 percent accuracy The best predictive model is summa-

rJ~ed 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-

mg prices, trip ongin, and vehicle availability. Figure 5.1 represents the scenario where all other

dummy variables (not shown m the graph) are set to zero, and Figure 5 2 is the scenario where

other dummaes are set to one 5

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

every two household members, the hkehhood she commuted by rad 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

Coeffxcmnt Standard Error St~mficance

Vehicles per Person~ -3 561 670 000
B ~RT City Dummyb 2 338 390 000
San Jose Dumm~ 2 301 580 000
FJ ee Parkingd -1 031 440 019
Household Sinee - 610 152 000
Pay Parking & AUowancef 2 394 434 000
Commute Dtstanceg 071 011 000
Parking per Employeeh - 471 168 005
M ldday Trips* - 720 261 006
(]lose Worl~placeJ 2 037 407 000
Constant - 174 1 014 864

Number of cases = 1,140
(’ha-Square = 304 49, p = 0000
P,~eudo R-Squared = 0 484
P~.~rcent of all cases correctly predicted by the model94 3 percent
Pcrcem of rail trap cases correctly predicted by model 45 6 percent

aNumber of vehicles per person per household
b~, =Ongm is a city served by BART, 0 =Ongm is a city not served by BART
cl -- Ongm is San Jose, 0 = otherwise
d2 = Free p~rkmg at workplace, 0 = paid parking at workplace
eNumber of people m worker’s household
fl = Parking ts not free and employer pays transit allowance, 0 = otherwise
gDtstance traveled from home to work, m males
hNumber of parking spaces per employee at workplace
Zl -- Number ofrrudday trips made
J 1 = Workplace ts less than 500 feet from raft station, 0 = otherwme

lived in a city served by BART versus in a city that is not On the other hand, free parkmg reduced

the probabihty of rail comlTlUtlng by 10 to 20 percent for the same employee

Figure 5 2 suggests that the likehhood a station-area worker who also hves in a rml-served

cmty commutes by rail approaches one when other conditions are favorable~ such as paid parking

at a workplace that lies within 500 feet of the station and the availabihty of a transit allowance

Transit subsidies and parking prmes are shown to be of equal importance For instance, if a worker

i,, from a household with one car per person, under the most favorable condition, Figure 5 2 shows

there is around a 98 percent chance he will commute via rail If these same condmons hold except

he no longer receives a transit allowance, the probability drops to 78 percent And tfparkmg

becomes free at his workplace, the odds of transit commuting fall to 58 percent

Overall, these findings reveal the following

¯ Vehicle avallabihty, 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 raft commuting The analy-
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sis showed that a travel allowance was not significant unless it was combined
with the absence of free parking Free parking, on the other hand, was signifi-
cant by itself in deterrrmg rail commuting and encouraging solo commuting

¯ Place of origin was also a significant determinant of whether statlon-area workers
commuted by rail Specifically, trips originating in San Jose or any city served
by BART had a much higher chance of bemg 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 midday trips, on the other hand, discouraged rail commuting
among station-area workers

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

¯ Workers from large households were less likely to commute by rail, perhaps In
part because carpoohng becomes more feasible in larger and multiple-earner
households

Thus, consistent with the findings from Chapter Four, parkmg pohcles and the physical envl-

ronment ha s a strong bearing on whether station-area workers In Cahforma 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 satisfy midday trip-making needs), would substantially Increase rail commuting In the state

Summary

For those working near Cahforma rail stations, the chances of commuting by rail mcrease

dramatmally if they also hve near rail Thus, consistent with the findings of the prevaous chapter,

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 is, transit-based workplaces require transit-

based housmg ff rail travel is to senously compete with the private automobile When combined

wxl;h parking charges and such incentives as transit vouchers, concentrated development of both

errtployment 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-

tmatlon stauon, the overwhelming majority of rail commuters walked to their nearby workplace,

especially m the case of BART (Table 5 23) The high incidence of park-and-ride access accounts

for the greater amount of time usually spent getting from home to the origin station than from the

exit station 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

M1
Systems BART SCCTA CalTram RT SDT

Walk 19 3% 22 4% 8 3% 22 2% 12 1% 40 0%
Drove Car 53 3 53 9 58 3 44 4 57 6 20 0
Rode as Passenger 11 1 7 9 8 3 22 2 18 2 0 0
Bus/other 16 3 15 8 25 I 11 2 12 1 40 0

TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%

Table 5.2 3

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

Walk
Drove
Rode as Passenger
Bus/other

BART SCCTA CalT~m RT SDT

85 9% 90 3% 83 6% 68 5% 87 1% 75 0%
69 56 73 65 65 00
24 14 00 125 32 00
48 27 91 125 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

All
Systems

Travel tmae from Home to Raft Stauon
Average 0umutes) 16 49
(Std Dev) (15 47)

Travel time from Rad Stauon to Work
Average (minutes) 5 66
(Std Dev) (6 25)

BART SCCTA CalTram RT SDT

17 27 19 00 8 33 16 20 n/a
(11 20) (35 00) (2 89) (14 9)

11 58 2 25 8 43 4 88 n/a
(13 37) (1 17) (2 77) (6 91)

n/a = not ava.Aable
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in the absence ofsubstanttaI amounts of transit-based housing, park-and-ride facihtles are essentml

if.,,tation-atea workers are to commute by rail m large numbers

7. Travel Changes Over Time

Station-area workers were asked to provide reformation on their prior commute if they

changed their place of employment, within the last three years, from some other place within the

same metropohtan area that was not within waikang 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 raxl now used it before (Table 5 25) 6 From this, one can refer that workmg near a tall station

ra~ ses the h kehhood of commuting by rail by 30 or so percentage points, all else being equal

Mode at
Prior Workplace

Drove
Rode Car
Pdtd and walk
tk~d arid drive
Pad and Bus
All Raft
Bus
W’.dk
Other

TOTAL

Table 5.25

Comparison of Current Mode and Usual Mode

at Prior Workplace for Those Living at Same Residence

Current Mode
Drove Drove~
Hone 9~ers RodeC~ Raft BUs W~k O~er

860% 714% 294% 619% 476% 167% 2509
18 128 471 00 00 167 00
13 26 00 71 00 00 O0
66 77 00 190 00 167 250
04 26 00 48 48 00 00
83 129 O0 309 48 167 250
04 00 O0 48 381 00 O0
09 26 118 00 00 333 00
26 00 118 24 96 167 500

1000% 1000%1000% 1000%1000% 1000%1000%

8, Midday Trips

In the survey, workers were asked to record trips that they made during business hours out-

side the building that theywork in Since those makang large numbers of midday trips hkely depend

on, their cm’s for some of these trips (especially in the suburbs), it is unhkely they would commute

by rail Only 27 7 percent of those who traveled by rail to work left their building at all for any reason

du ring the course of the work day, compared to 37 7 percent of those who got to work by other

modes Only 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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WotMng near a rad stanon was not a strong inducement to use rad for m~ddav travel Only

2 7 percent of m~dday trips were by rad, three-quarters were made by car (Table 5 26) Six out 

Table 5.26

Mode of Midday Travel, by System

All
Systems BART SCCTA CalTram RT SDT

Drove 74 8% 71 9% 82 5% 75 7% 77 2% 54 5%
Rode in Car 5 4 5 4 6 3 3 5 6 5 3 0
Ra_d and walk 2 3 2 1 10 0 0 7 0 8 3 0
Rad and drive 0 4 1 2 0 0 0 0 0 0 0 0
Rad and Bus 0 0 0 0 0 0 0 0 0 0 0 0
Bus 04 08 00 00 04 00
W~dk 15 8 17 8 0 0 19 4 13 8 39 4
Other 0 9 0 8 1 3 0 7 1 2 0 0

TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%

seven midday raps made by rail were accessed by foot, the remamder were accessed by car More

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

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

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

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

trips made for medical purposes

Table 5.27

Midday Trip Purpose, by System

All
Systems BART SCCTA CalTram RT SDT

Business-Related 31 5% 23 4% 43 8% 38 4% 32 1% 28 6%
Personal Bu,smess 19 8 21 4 11 3 20 5 19 3 28 6
Meal or Snack 35 9 41 9 25 0 30 1 36 5 37 1
Shopping 4 1 4 8 6 3 4 I 3 2 0 0
Medmal 4 7 4 8 6 3 2 7 5 6 2 9
Soclal/Recreataonal 2 6 1 6 3 8 3 4 2 8 2 9
Other 1 3 2 0 3 8 0 7 0 4 0 0

TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%
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Table 5.28

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

Mode

Purpose
Social/

Business- Personal Meal or Shop Recrea-
Related Business Snack ~ Medical tlonal Other

Drove 87 5% 80 7% 62 1% 58 1% 53 6% 55 5% 667~o
Rode m Car 3 9 3 4 8 9 3 2 3 6 0 0 0 0
RaJl and walk 17 28 26 32 36 00 11 1
Rad and drive 00 00 00 00 00 00 11 1
Ra~I and Bus 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Bus 00 00 04 32 00 00 00
Walk 4 7 13 1 26 0 32 3 39 3 40 0 0 0
Other 22 00 00 00 00 50 111

TOTAL 1000% 1000% 1000% 1000% 1000% 100 0% 1000%

The average midday trip was 7 5 miles long and took 22 6 nunutes, one-way (Table 5 29)

Midday trips by station-area workers m the Sacramento area were the longest, perhaps because of

the area’s spread-out development pattern 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

Tnp Length t mdes)
Average
(Std Dev 

All
Systems BART SCCTA CalTram RT SDT

7 53 6 46 9 I8 7 44 11 97 5 13
(16 50) (11 19) (11 11) (8 59) (24 58) (4 60)

Trip Time (minutes)
Average 22 59 17 93 20 72 25 74 24 45 12 46

(Std Dev) (30 66) (18 73) (16 44) (44 02) (34 01) (6 39)

Trxp Speed (mph)
Average
(Std Dev)

21 48 19 59 25 7 18 73 23 08 23 85
(17 14) (18 09) (16 31) (14 02) (16 61) (25 57)
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Table 5.30

Midday Trip Characteristics by Mode

Trip Length
Average (miles)
(Std Dev 

Trip Time
Average (minutes)
(Std Dev 

Trip Speed
Average (mph)
(Std Dev)

Drove Car Rode Car Rad Walk

10 54 6 99 4 25 0 53
(18 12) (14 93) (4 16) (1 08)

23 75 15 00 18 00 12 01
(27 34) (21 91) (10 65) (12 79)

24 77 24 83 16 31 3 69
(16 O6) (12 59) (12 54) (11 81)

Table 5.31

Midday Trip Distance, Time, and Speed for Different Purposes

Mode

Purpose
Socxal/

Business- Personal Meal or Shop Recrea-
Related Business Snack tgm~ Medical tlonal

Tnp Length
Average (miles) 17 68 5 72 3 09 5 30 10 38 7 75
(Std Dev) (26 25) (6 00) (3 (7 24) (13 (12 49)

TJap Time
Average (minutes) 37 28 17 28 11 90 I7 42 23 79 25 
(Std Dev) (46 90) (12 64) (11 40) (17 90) (19 

"I’,:lp Speed
Average (mph) 27 49 20 73 17 24 16 82 22 46 14 41
(Std Dev) (17 80) (15 61) (16 21) (18 22) (16 32) 

9. Conclusion.

Although, on average, the employment sites examined m this study produced lower rail

modal sphts than the residential projects examined m Chapter Four, they nonetheless exceeded

the city- and county-wide averages everywhere except m San Diego Station-area workers are far

more hkely to commute by rail if they also bye near a rail station, receive a transit allowance, face

the prospects of paid parkmg, and make few midday trips These findings suggest pubhc policy

could play a stgmficant role in allowing for the kands of conditions that will attract sigmficant

numbers of Cahformans to rail transit
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Notes

1T~ese figures reflect the unique character of the work sates included m this study The dispartty between
this sample and the genera/population is partly accounted for by the criteria used to select sates for partac~pa-
tion an the ,,study as discussed in chapter three These criteria should also account for dafferences adent,fied
m occupational and employment characteristics of the sample when compared to the regions m their entirety

2Rcspondents were asked to describe their morning commute to work by logging their mode of travel and
various characteristacs of their trip to work for the day on which they completed the survey

3Although BART does serve Da/y City, whach is m the northernmost corner of San Mateo County, at presently
serves no other part of that county

4Ir~ genera/ station-area workers had higher rates of raft commuting than county-w~de 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 m 1990 Even the 3 9 percent share of trips on Ca/Tram is more than twice the San Marco County
average of 1 7 percent for tad trips The Sacramento Regiona/Trans,t splat 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 tad modal split among respondents and the 3 3 percent citywlde average

5For other rauo-sca/e variables hke commute dastance, mean values are used m these stmulauons In the
second sunulauon, it is infeasible for trips to have both a San Jose origin and an or~gtn m a city served by
DART ms weU, 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 rad before they worked near raft continue to do so, mdlcaung that there is
some attracuon of raft ndershlp which supercedes prox~mlty of employment to raft
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Chapter Six

Modal Access to Retail Centers Near BART Stations

]. Introduction

Transit Is not usually viewed as a viable mode for shopping trips This is mainly because the

p~:lvate 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,

o’a the other hand, are served by transit

This chapter exatmnes the travel characteristms of shoppers and others (e g, employees) 

three large Bay Area shopping complexes located within a quarter-mile of a BART stanon One of

the centers studied is the San Francisco Centre, which is directly connected to the Powell Street sta-

tion in downtown San Francisco The other two surveyed centers are in the East Bay-- El Cerrlto

P][aza (near El Cermo station) and Bayfair Shopping Mall (near the San Leandro station) Both 

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 station. All three shopping centers are fully or parti-

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

The Sites

San Francisco Shopping Centre (SFCentre) hes on the south side of Market Street in down-

town San ]Francisco, adjacent to BART’s busiest station-- PoweU Street It is the largest of the sur-

veyed shopping centers, contaimng nearly one milhon 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 is available in the immediate area

---which can run upwards of $3 per hour

El Cernto Plaza is a large commumty 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 hned with stnp commercial development To the north and west of the

center is a relanvely dense residential development (at 35 dwelling units to the acre) To the east

and south is single-family detached housing at 8 dwelling umts 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 mamly by small retail plazas

and strip commercial developments inaterspersed with apartment complexes
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Survw Approach

For each site, pedestrian intercept surveys were conducted Interviews were fairly brief

(typically under one minute) and were conducted at all malor entrances to each center m order 

minimize possible biases Surveys were carried out in 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-

wewer was approached about being surveyed People were told the survey was brief, anonymous,

and voluntary Around one m every two persons approached m SFCentre agreed to participate,

cc,mpared to around one m every four at Bayfair and El Cemto Approximately, three hundred

surveys were collected at each center In addition to mformanon on how mdr~aduals reached the

shopping center, background socio-economm data were also compiled A copy of the pedestrian

intercept survey form is shown in Appendix C

2. Demographic Background

The typical person surveyed was a female in her earl)’ 30s (Table 6 1) The relauveiy large

share of women reflects the tendency for women to do family shopping and their high rate of

employment in retail sales

The ethnic composmon of those surveyed at the malls varied considerably Around half

were white At Bayfair, a large share of those surveyed were African Amermans Additionally, a

re [atively large share of those present at SFCentre were foreign tourists, many of whom were

European

Age

Average
(Std Devlanon)

Pei cent Female

Table 6.1

Demographic Characteristics of Those Surveyed
at Three Bay Area Shopping Centers

All Centers SF Centre Bagfair El Cemto

34 2 32 7 31 3 38 6
(13 6) (11 6) (12 7) (15 3)

53 3 51 5 51 5 57 8

Er2tmclty ~Percent
African American 24 4 12 4 41 6 21 3
Asian American 14 6 16 9 10 3 16 2
Hispanic 9 2 8 8 14 4 4 8
Wh,te 50 3 60 3 32 6 56 6
Other 1 5 1 6 I I 1 1

TOTAL I00 0 100 0 100 0 100 0
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.3,. Comparison of Retail Centers’ Trip Characteristics

Modal Spht

Around 15 percent of those surveyed arrived at the shopping center by BART, a dmtant second

after the automobile and only a shghtly 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 potennal

market of shoppers who work or reside in and around downtown It is surrounded by skyscrapers

filled with office workers, hotels full of tourists, and a densely populated city The setting is more

conducive to walkang than driving The BART and Mum train stations are dlrecfly connected to

SFCentre by a subway portal Nearbyparkang can be quite expensive and hard to find Often those

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

Table 6.2

Mode of Access to Retail Centers

All Centers SFCentre Bayfair El Cemto

Percent of Trip by
Drive Car 44 7 17 5 56 9 64 0
Pade Car 10 7 6 9 15 1 10 7
Raft Transit1 15 4 20 8 18 8 6 6
Bus 7 3 13 0 4 4 4 0
Walk 16 4 31 8 3 5 12 2
Other 5 5 10 0 1 3 2 5

TOTAL 100 0 100 0 100 0 100 0

Xlncludes BART heavy raft and Mup-t light raft and cable-car services

n:=845

The opposite ts true for the suburban malls, where the private automobile is the most con-

vement means of access Well over fifty percent of those interviewed at both Bayfair and El Cernto

drove to th e malls Nearly one out of five of Bayfmr interviewees reached the mall by BART, com-

p~ red to only 6 percent of those at El Cerrito

The’ abundant free parkmg --both surrounding the malls and at the nearby BART stations

---surely accounts, m part, for the higher rates of auto access to El Cernto and Bayfair Automobile

avaflablhty also explains some of the differences m only 47 percent of those at SFCentre had a

vehtcle available, compared to more than 75 percent at El Cermo and Bayfmr

Trzp Purpose

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

offices, health clubs, movie theaters, and salons, among other acnvmes As tmght be expected,
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most of those surveyed went to the retail centers primarily to shop (Table 6 3) Still, 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 Cernto, around 14 percent were at the mall to make a banking transaction

or to meet a friend

Table 6.3

Primary Purpose of Trip to Retail Center

All Centers SF Centre El Cernto Bayfair

Percent of Trips for
Shopping 73 7 75 2 73 6 72 2
Eating 7 9 12 1 3 3 7 9
Business 2 1 2 0 1 8 2 6
Employee 6 2 3 3 7 7 7 9
Other1" 10 1 7 4 13 6 9 4

TOTAL 100 0 100 0 100 0 100 0

l’Other’ includes banking, meeting people,hanging out wxth h’tends, and other acttvitms

Market Draw

Based on information gathered on interviewees’ places of residence, Map 6 1 shows that

SFCentre al tracted people who resided throughout the BayArea By contrast, El Cerrlto and Bayfair

sel-ved more local chentele within the East Bay (Maps 6.2 and 6 3) Smce rail transit ts generally

more attractive for shop trips made over long distances (typically to purchase more costly, high-

quahty apparel and other hght merchandise), it follows that SFCentre’s relatively high share of

BART users reflects its larger retail marketshed

Place of Origzn and Distance Traveled

Another mdmator 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 malonty of visitors arrived from an ori-

gwt withm five miles, while at Bayfair a relatively large share came from up to 20 tmles away For

both malls, over half of those surveyed traveled directly from their residence to the mall (Table

6 5) Ba~atr had a much higher share of shoppers who dropped by en route from their offices

(mainly m 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
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Table 6 4 shows those at SFCentre traveled a wide range of distances to get there Since it

attracts a large number of downtown workers and vzsltors (Table 6 5), SFCentre drew over a third

of its customers from locataons wathm a one-altle d~stance However, SFCentre also had a relanvely

large share’ of surveyed mdl~,aduals who came from beyond 20 males away Long-distance

shoppers usually amve directly from their homes, and are wflhng to endure long trips because of

SFCentre’s wide variety of shops and other downtown attractmns 1

Table 6.4

Distance From l~st Place Visited to Retail Center

Alt Centers SF Centre Bayfair El Cernto

Percent Coming From
< 1Mile 196 348 48 160
1-5 Mdes 46 2 34 1 42 3 66 4
6-10 Mdes 12 7 10 2 19 5 7 9
11-20 Mdes 13 0 7 2 24 5 7 8
>20 Mdes 8 5 13 7 8 9 1 9

TOTAL 100 0 100 0 100 0 100 0

Table 6.5

Place of Origin for Trips to Retail Center

All Centers SF Centre El Cemto Bayfatr

Percent Coming From
Office 18 0 19 2 11 8 22 8
Home 47 9 36 8 52 4 56 7
Frmnd 6 5 9 4 6 9 3 0
Other Store 5 6 2 9 8 8 5 3
Hotel 7 0 19 2 0 0 0 0
Other1 15 0 12 5 20 1 12 2

TOTAL 100 0 100 0 100 0 100 0

1’Other’ includes banking, school, restaurant, medical appointment, and pinking up or dropping offpeople

4. Influences of Various Factors on Rail Transit Usage

&~ciodemographic 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 transat tended to be younger than those who

drove alone to a center Moreover, larger shares of Htspanics and African Americans arrived at
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centers by rail transit than an)’ other ethnic group Around one out of five Asian Americans and

whites surveyed at centers arr,ved exclusively by foot travel In general, the largest share of raft

users surveyed at shopping centers came from groups which have h~stoncally been the most transit-

dependent --women, younger people, and ethmc mmormes

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

Rad Transit 17 3 11 1 30 3 19 9 17 0 24 3 15 8 9 1
Bus 78 84 32 6 11 7 73 72 5 4 0 0
Drove Car 42 I 53 6 36 2 45 8 39 2 47 4 45 6 36 3
Rode Car 14 9 12 6 30 3 11 8 13 0 10 9 9 4 9 1
Walk 15 3 11 7 33 8 8 5 19 5 10 2 20 1 45 5
Other 2 6 2 6 38 3 2 3 4 0 0 0 7 3 0 0

White Other

TOTAL 100 0 100 0 34 2 100 0 100 0 100 0 100 0 100 0

Parpose oj’Vimt 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

(either rail or bus) This pattern probably reflects the fact that rail is less convement for shopping

(e g, carrying packages) than for other purposes

Table 6.7

Modal Splits for Different Purposes
for Coming to the Shopping Center

RaA Transit
Bias
Drove Car
Rode Car
Walk
Other

TOTAL

Shopping Eatmg

Trip Purpose
Personal
Business Work Other

15 3% 25 5% 33 3% 21 3% 25 0%
63 115 56 115 92

46 7 314 50 0 50 0 35 5
124 42 111 38 73
165 214 00 96 184
28 60 00 38 46

100 0% 100 0% 100 0% 100 0% 100 0%
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Relationships did vary, considerably among shopping centers, however Around one-quarter

of SFCemre’s shoppers arrayed by rail transit, compared to only 4 5 percent of El Cernto’s shoppers

(Table 6 8) One-third of SFCentre’s shoppers walked directly from their origin to the shopping

complex, compared to only 3 6 percent of Bayfair’s shoppers Over three-quarters of both Bayfair’s

and E1 Cermto’s shoppers either drove or rode as a passenger to reach the malls

SFCentre
Raft Transit
Bus
Drove Car
Rode Car
Walk
Other

TOTAL

Bayfau"
Rail Transit
Bus
Drove Car
Rode Cm-
Walk
Other

TOTAL

E1 Cernto
Raft Transit
Bus
Drove Ca r
Rode Car
Walk
Other

TOTAL

Table 6.8

Purpose Of Trip By Mode Per Mail

Eating Business Employee Other

24 2% 32 4 50 0% 40 0% 39 0%
117 189 00 400 87
182 108 500 100 13 1
91 00 00 00 00

333 351 00 100 261
35 28 00 00 131

100 0% 100 0% 100 0% 100 0% 100 0%

15 7% 19 0% 14 3% 28 6% 32 0%
1 6 4 8 14 3 4 8 20 0

60 9 61 9 57 1 42 8 32 0
16 1 14 3 14 3 9 5 12 0

36 00 00 48 40
21 00 00 95 00

100 0% 100 0% 100 0% 100 0% 100 0%

4 5% 22 2% 40 0% 4 8% 10 8%
45 00 00 48 27

66 0 55 6 40 0 76 2 514
125 00 200 00 81
10 0 22 2 0 0 14 2 21 6
25 00 00 00 54

100 0% I00 096 100 0% 100 0% 100 0%

Walkmg access was popular among those who went to SFCentre to eat The next most

common means of accessing SFCentre for lunch and droner was by transit Over 40 percent of

SFCentre’s (:liners arrived by rail or bus

Influence of Distance Traveled

Trip distance was a strong predictor of mode choice among those su~-eyed at the three

shopping centers (Table 6 9) In general, rail transit usage increased as trip distance increased 

36 percent of those travehng over 20 miles arrived at a shopping center via rail transit, compared

to only 12 percent of those travehng one to five miles In contrast, bus usage fell with distance
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Fv, dently, because of its hne-haul, hmtted-stop service features, raft trans,t is preferred by those

t :avehng more than five miles to a shopping center near a BART station

Table 6.9

Modal Splits for Different Trip Distance Categories

Trap Distance (Md_ees)
< 1 Mile 1-5 Miles 6-10 Miles

R.ul Transit 8 3% 11 8% 27 3% 22 5% 35 9%
Bus 96 86 40 49 00
Drove Car 17 1 53 7 51 5 57 8 43 3
Rode Car 1 3 12 8 14 1 13 7 17 9
x~aiked 60 5 9 7 1 0 0 0 0 0
Other 32 34 21 1 1 29

Total I00 0% i00 0% 100 0% 100 0% 100 0%

11-20 Miles >20 Miles

Walkers, of course, trekked relatively short distances to BART-served shoppmg centers

Beyond one mile, there was little relationship between distance and automobile travel n shoppers

travehng five or 15 redes to one of the retail centers were just as hkely to arrive by car Overall,

a~ttomobtles were rehed on most heawly to reach rail-served shoppmg centers regardless if the trip

was short or long Drive-alone shoppers represented the largest market share m the short (1-5

n~tles) and intermediate (11-20 miles) 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 n~xed

Table 6.10

Modal Splits for Different Trip Origins

Place of Trip Ongm
Office Home Friends Store Hotel Other

Raft Transit 23 1% 19 0% 18 2% 12 8% 8 5% 14 2%
Bus 66 67 127 64 85 79
Drove Car 48 0 48 4 34 5 59 6 8 5 44 9
Rode Car 5 9 12 1 18 2 10 6 3 4 11 8
Walk 13 8 11 4 16 4 4 3 66 1 17 3
Other1 2 6 2 4 0 0 6 3 5 0 3 9

TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%

l’Other’ includes banking, school, restaurant, medmal appointment, and picking up or dropping off people
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5, Summary

Th~ s chapter profiled people lntervmwed at three large shopping centers near BART stations

Irt total, around 15 percent of those surveyed at the three shopping centers adlacent to BART stations

patromzedL rail transit Most were choice riders The choice to ride rail seemed most heavily influ-

enced by parking availabihty --around 21 percent of those surveyed at SFCentre, which has no free

parking, arrived by rail transit, compared to only 6 6 percent at E1 Cernto, a suburban-hke plaza

with plentJful free parking Around three-quarters of those at Bayfalr and El Cemto 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 regional rail

s’~anons wdl ride rail transit

The immediate built environment also seems to have a strong bearing on rail ndershlp among

shoppers In addition to parking restraints, SFCentre lies m a dense, mixed-use downtown setting

arid 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 Mum,

many SFCentre patrons arrive exclusively by foot Bayfair and El Cemto, on the other hand, are in

suburban-hke environs where horizontally scaled buildings create long walking distances, even to

nmghbonng 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

arid 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 at tract sigmficant numbers of shoppers to rail if some restrictions are placed on parking

avid densities are high enough to encourage walking over automobile circulation Havang a large

population 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 activmes need to be mixed

w~tth residences and workplaces if sigmficant numbers of shoppers are expected to patronize

transit or arrive by foot Thus, consistent with the findings of the two previous chapters, retail

activanes require complementary land uses if transit-focused shopping complexes are to yield

sigmfican~ mobihty benefits This further suggests that transit-focused development needs to be

in the form of transit villages ~ moderately dense maxed-use commumties with htmts on parking

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

NOTES

El Cernto and Bay’fair do not show marked difference between market share and distance from the last
place v~stted For these retad centers, those mtervmwed came prtmardy from nearby communmes
SFCentre, by contrast, Is located m a busy tour,st area and Is surrounded by many other downtown
attractions

113



Chapter Seven

Site Characteristics of Station-Area Developments

and their Impact on Raft Ridership

1. Introduction

This chapter explores the relatmnsh,ps between transit ndersh~p and various charactenst,cs

of the 27 res,dennal and 18 office s,tes surveyed Whereas the prewous three chapters examined fac-

tors influencing the individual mode chomes of residents, workers, and shoppers, by aggregating data

for each s~te, th~s chapter focuses on how the physmal environment and relanve proximity of each

s~Lte to rall stauons affect demand Thus, the two central areas of exploratmn m th~s chapter are

(1) how the land-use and physical charactenstms of sites (and areas surrounding them) influence
ralI usage and

(2) the degree to which rad ndershlp decreases as walking d~stance to a stauon increases

Answers to these quesuons can grade planners m assessing

(1) the types of development most appropriately placed near ra.tl transit stauons,
(2) the density and physical development charactenstms that are most conducive to raft usage, and
(3) the relanve importance of proxLm,ty and clustering m reducing those hying and worhng near

raft stauons to use raft transit

2. Building a Database

In order to investigate these quesuons, it was necessary to build a database containmg refor-

mation on the physmal and design characteristics of each of the surveyed sites AddltionaUy, smce

the quahD 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-

pJded on the distance between sites and stations and other Indicators of environmental quahty

Reszdentzal Sites

DalEa collected for residential sites included

o Number of units by size and price
e Land area
o Dwelling units per acre1

® Floor area ratio2
® Number of parking spaces

Cost of parking per month
e Distance from the nearest staraon3

e Distance from the nearest freeway on-ramp4
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Because the physical and environmental characteristics of the entire commumry around a

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

v, ere also compiled

¯ Residential densities of the census tract of the site5
¯ Levels of land-use mLxture in the census tract of the site6
¯ The number of signahzed crosswalks between the site and the nearest station7

¯ The w~dth of the w~dest street crossing between the site and the nearest stations

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

CJf_fice Szte.s

For office sites, similar data were gathered

¯ The number of tenants m the budding
¯ Number of employees at the site
® Gross braiding area, m square feet
¯ Land area m acres
¯ Employees per acre9

Floor area ratio
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 indmators of walking environment were

measured

O

O

O

@

®

O

@

Distance from the nearest station
Distance from the nearest freeway on-ramp
Mix of land-uses m 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

Measunng the quality of the walking environment Is not easy, in part because people per-

ceive physlcal environments so differently While some walkers prefer the strmghtest possible path,

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

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

quahty of the walkmg environment with varying degrees of success, although no fully satisfactory

mdmators have been developed to date as far as we know Certainly no single mdmator fury cap-

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

of this study, the following indicators were used, which m comblnauon tap into the dimensions of

spatml distance, ~mpedance, 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 mare entrance for office sites and to the geographic
center of residential sites
Continuous sidewalks whether or not sidewalks cover the entire distance from the
site to the station, not including parking lots of either the station or the site

o Pedestrian Paths a site was considered to have a pedestrian path to the station tf any

paved right-of-way was provaded specifically for pedestrians that was not part of a
sidewalk, immediately ad)acent to curbsides, or as part of a parking lot

e Number of signahzed crosswalks this reflected the degree to which there were conflict

points between pedestrians and vehicular traffic
o Street widths at w~dest crosswalk this reflected the relative scale of intersections

(which represent pedestrian-car conflict points)

3.. Rider,ship Gradients

We would expect that the closer a person is to a rail station, the higher the hkehhood 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, ndership fell

ra pidly 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 in 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

re lationshlp between rail modal sphts and distance was not hnear, implying that effects of distance

change as one approaches the station A recent study of commuting in greater Toronto confirmed

the importance of proximity to subway as the primary determinant of mode choice (Plvo, 1993)

Reszdential Sites

Table 7 1 shows the recorded walkmg distances from the center of each surveyed residential

sx te to the ucket machine of the nearest rail station Plomng these data against the percent of resi-

dents in each site who used rail to get to work (shown m Chapter Four) produces Figure 7 1 The

plot is broken down into two groups residential sites along the BART hne, and other surveyed

residential sites

The negative slopes of both best-fitting hnes mdmate that distance indeed had a deterring

effect on commuung by rail transit, however, the relationship was not particularly strong This is

fiJrther revealed by the relauvely low R-squared goodness-of-fit statistics for both sets of stations

BART Percent Ralt = . 004(Distance) + 31 R2 = 119 (7 1)

Other Percent Rail = - 011(Distance) + 32 R2 = 280 (7 2)

For BART, l~he ridership gradient was linear, though the relationship between rail usage and distance

was weak A stronger relationship held for the other four Cahforma rail systems On average, rail’s

modal shate fell about 1 1 percentage point for every. 100-foot increase in walkmg distance to non-

B&RT proF~cts
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Table 7.1

Recorded Walking Distances from Residential Sites

to Nearest Station

Site

BART
MI., sion Wells
Verandas Apts
Parkslde Apts
The Foothills Apts
Mission Heights Apts
SummerhtU Terrace Apts
Bayfatr East
The Hamlet Apts
Nobel Tower Apts
Wa,~side Plaza
Park Regency Apts

CalTram
Hdlsdale Garden Apts
Grosvenor Park Condominiums
Nox~dapark Apts
Palo Alto Condominlums

Santa Clara County Iaght Raft
Bella Vista Apartments
Stonegate Condominiums
Wdlow Glen Creek Condos
Park Almaden Condominiums

Sacl"amento Regional Transit
Woodlake Close Apartments
Oaktree Apartments
Woodlake Village Apa~-mmnts
Windsor Ridge Apa~u~ents

San Diego Trolley
Villages of La Mesa
Park Grossmont
La Mesa Village Plaza
Spring Hill Apartments

Nearest Distance to
Station Station (ft)

Fremont 1,150
Union City 1,100
Union City 600
South Hayward 770
South Hayw-ard 2,620
Bayfalr 3 100
Bayfalr 2,800
Bayfair 1,050
Lake Merntt 1,330
Pleasant Hill 1,760
Pleasant Hill 1,570

HtUsdale 2,170
San Mateo 1,790
Broadway 1,150
PaloAlto 1,510

Iack Mill 3,530
Tamien 1,330
Tarnmn 1,760
Almaden 990

RoTA Oaks 1,730
Tiber 480
Power Inn 2,920
Butterfield 1,320

Amay-a Dr 500
Amaya Dr 2,640
La Mesa Bird 320
Spring St 850

For all Cahforma systems combined, the relauonshtp between rail rldership and distance

was also hnear, but the fit was stronger

Percent P~il = - 0085(Distance) + 32 R2 = 381 (7 3)

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

dences within a rmle radius of Cahforma rail stations was far lower than that found for Washington

Metrorail stations and stations near Toronto’s and Edmonton’s rail systems Also, the relauonshlp

between rtdership and distance was weaker in Cahforma, reflected by the flatter hne Some of this

difference n~ght be explained by the fact that most of the Cahforma rail systems studied function
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mainly as commuter systems, and thus have suburban stations with abundant park-and-ride facilities

?~s noted in Chapter Four, around 10 percent (and in the case of Sacramento RT, 21 percent) of the

surveyed station-area residents who used rail accessed the stations by car, even though all hved

within 3:500 feet (and the majority, within 1,500 feet) of a station Thus, the availability of large

amounts of parking at many California suburban rail stations has drawn a much larger share of

these systems’ rail users from beyond normalwalking distances Higher average residential densities,

better feeder bus connections, and perhaps even better quahty walkmg environments might also

explain why these other cities have managed to capture higher shares of rail users among stauon-

area residents than in California

Office &tes

Recorded walking distances between surveyed offices and nearby stations are shown in

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

Table 7.2

Recorded Walking Distances from Office Sites to Nearest Station

Distance to No of
S_~Le Station ~ Workers

BART
Cmbank Pleasant Hill 660 350
Pactfic Bell Montgomery St 490 550
Fremont Center Budding Fremont 1,000 300
39350 Civic Center Dr Fremont 1,470 235
Great Western Building Berkeley 50 275

C~JTram
Digital Equipment Palo Alto 450 400
Homart South S F 3,410 1,800
Mountain View City Hall Mountain View 2,810 150

S:Lnta Clara County Light Raft
Northpomte Bus Ctr Tasman 490 75
S~Ja Jose Corporate Ctr Metro/Au’port 420 300
Koll Center Karma Court 420 1,000

Sacramento Regional Translt
C:dfforma Center WatrA~anlove 1,130 1,000
M~yhew Tech Center Tiber 1,870 605
FraLnchtse Tax Board Butterfield 1,560 3,000
Dept of Cot~servauon 8th and K St 370 398

San Diego Trolley
Latham & Watkms Gaslamp 680 160
St John Kmts Iris Ave 3,200 106
Southwest Marine Barlo Logan 2,080 1,200
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The ndershlp gradient for office sites are shown m Figure 7 3 Compared to the residentml

,_~ltes, the effects of distance on rail commuting was fairly substanua110 For office sites, ndershlp

fi_~ll sharply with walI~ng distance, following the negative exponenual function shown m equation

7 4 0 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 braidings within 50 feet ofa stauon commuted by BART, for

the remaining three buildings that were 500 to 1,500 feet away, the modal sphts were around 10

percent For the non-BART sites, 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 Ra,I = 1,105(Distance)" 795 R2 = 381 (7 4)

F,gure 7 4 shows that, compared to Washington Metrorafl and Toronto/Edmonton, Cahfornla

rail systems captured smaller shares of station-area workers, though differences were not large Dlf-

f~.~rences could be atmbutable to a number of factors, including the larger serrate coverage of Metro-

rml and the Canadian systems v~s-fi-v~s most Cahforma systems or differences m employee parking

pohc~es Such posslblhues merit future research attention Cahforma systems, however, had rider-

ship gradients equally as steep as the other systems, suggesting that the effects of distance on rider-

slup attrmon Is Just as great as m areas where rail as 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

Th~s section tests whether such relauonshlps hold for the surveyed sties by presenting several best-

f~ ttmg regression models that predict rail modal sphts as a function of physical characteristics of

sites as well as indicators of the quality of the walking environment Separate models are estimated

by poohng data across the 27 surveyed residential sites and the 18 surveyed office sites

Reszdentlal Sites

For the 27 resldenual sites, two characteristics were found to be the strongest predictors of

transit modal sphts (for all trip purposes combined)~ proximity to the station and residential den-

s~ ~, Table 7 3 shows that transit modal sphts were, in general, highest for residential projects that

were nearest a station and m relatively dense settings Every one-thousand foot increase m distance

to a stauon, for instance, was associated with a 7 percentage-point dechne in rail modal sphts, hold-

ing density constant The effect of density was convex-shaped, following a quadratic curve This is

because one of the sties was in a relatively high-density setting yet had a comparatively low rail

modal sph~ (Removang this one case yielded a logarithmic relationship between density and rail

modal sphlt )
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Table 7.3

Significant Predictors of Percent of Trips by Rail Transit

Among Residential Sites, All Trips

Sl’ation Distance(feet)
D U per acre
(D U per acre)2

Constant

Summary Statistics

Number of cases = 27
R Squared = 303
F = 2 899
Pfob = 0604

Standard
Coefficient Error S_Lgntficance

-0 007 0 0035 0 0593
-0 124 0 0064 0 0670
1 303 0 6580 0 0620
4 863 15 1770 0 7604

Ow.~rall, the model’s fit was not particularly strong, indicating that other explanatory varia-

bles accounted for most of the variation in transit modal splats among the 27 sites Notably, area-

wide density was the only land-use-related variable that was a statistically sigmt]cant predictor

None of the other variables defined in Section 2 of this chapter had any bearing on the share of

residents fi’om a site who travelled by rail

The verdict is clear besides proximity and density, no other feature of the built environment,

including the various metrics used to reflect quahty of walking environment, seemed to influence

travel behavior of station-area residents This findmg could mean either that other non-land-use-

rei[ated varmbles 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 beheve the results

reflect more of the former than the latter That is, factors hke destinations and the availabihty of

free parking are hkely far stronger predictors of modal sphts that the number of cross-walks passed

en route to a station or the existence of vaned land uses in the neighborhood It could be that

wllthin a one-quarter- to one-half-mile radius of a station, land uses or features of the built environ-

ment matter very httle --as long as places are near a station, the characteristics of the immediate

surrounding environment are inconsequential

O~;zce Sites

A better predictive model was found for explaining variation in rail transit modal sphts for

the 18 office sites near stations Table 7 4 shows that four variables explained 92 percent of the

vartation proximity to station, employment density of the area, commuting behavior at employees’

prior lobs, and occupanon 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

Station Distance(a

Employment densttyCO
Prior Rail(~
Manager/PJrofess,onal(e

Constant

Summary Stat~st,cs

Number of cases = 17
~2= 921

F = 37 63
Prob = 0000

Notes.

Standard
Coefficient Error Sigmficance

859 871 122 841 0000
022 007 0089
609 228 0190
327 088 0026

-10 855 2 752 0017

a The x-ariable for station distance used here was developed in the previous secraon for the ndershtp
gradlenl:, in the form

(Station distance)" 795

so that ,as the distance to the station increases, the variable decreases
b Distance to the nearest freeway on-ramp, measured m miles
c The percent of workers at each site who regularly took raft to their previous lob
d The percent of workers at each site who held managerial or professional positions

Padership decreased at a decreasing rate as the distance from an office to a sta-
tion increased, as noted in the previous section Thus, office workers within one
block of a station were far more likely to commute by raft transit that those
working four or five blocks away

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

¯ Being accustomed to commuting by rail appeared to have some bearing on
modal sphts For every one percent increase in the share of workers who com-
muted by rail translt to their previous workplaces, there was a 0 61 percent
increase m 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 commutmg, they are shghtly more likely than other workers
to patronme rail if their current workplace is well-served by rail transit

¯ Buildings with a relatively large share of management and professional per-
sonnel tended to average higher rail commute modal sphts This is not alto-
gether consistent with expectations, and could reflect a concotmtant relation-
ship --managers and professionals tend to be concentrated in downtown
offices and urban centers, locales whmh, because of their densmes, mixed
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uses, and restrmted parking, average high transit modal sphts Thus, it is hkely
that this variable is serving as a proxy for workplaces that are transit-oriented
and well served by rail services

5. Condusions

Overall, residences and offices closest to California rail stations were found to average

hJLgher 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-

ship between proximity and transit modal splits was not as strong, however, as that found for the

~’ashmgtcn, D C, area or for the two Canadian metropolises n Toronto and Edmonton Proximity

was more important, however, in explaimng the travel behavior of California’s station-area workers

th an its station-area residents

Among land-use variables, only neighborhood density, in addition to proximity, was a sigm-

ficant explainer of modal sphts 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 (like proxitmty to rail and parkmg restrictiveness), override all other factors

Proximity played an even stronger role in influencing the commuting behawor of office and

factory workers near rail stations In general, rail usage plummeted as the distance of workplace

to the nearest station increased In contrast, ridership increased shghtly but steadily as employ-

ment dens~tty 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 httle in shaping com-

muting choices (ignoring issues of safety, blightedness, and the like), with the exception of density

Neighborhood density is correlated with higher rates of transit usage for residential developments

and employment density is correlated with higher transit commute shares at office developments

Of course, to the degree more projects are sited near rail stations, it follows that densities will

increase We conclude, then, it is the "clustering" of residences and workplaces near rail station

that has the biggest influence on travel behavior within a one-quarter- to one-half-mile radius of a

station As long as development is 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
1For residential sites, two measures of densmes were used The first ts the density of the site ttself, measured in dwelhng

units per acre of the site This was computed by dividing the total number of dwelhng unns by the total land area of
the restder.~tta[ The second measure of derk~tty gas the density of the census tract to which the site belonged This
was computed by dividing the total number of dwelhng units in the census tract b) the total area of developed land
devoted to residential uses

2"l~e floor a~’ea ratio is the gross floor area of all the buildings dtvaded 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 h,df of the parcel would also have a floor area rano of 1

3"[’he distance to the nearest station was calculated using a decree that measures walking distances For residential sites,
distances were measured from a designated centrotd to the nearest ticket machine For office sties, distances were
measured ITom the mare entrance to the building (or, m the case of multaple butldmgs at a sate, from a desagnated
centrotd) to the nearest ticket machine Distances were rounded to the nearest ten feet

4The distance from the nearest freeway on-ramp was measured with a ruler on Thomas Brother’s maps to the nearest
tenth of a tntle

5Census tra¢ts were chosen to represent "areaw~de" characteristics For the most part, census tracts corresponded to an
area representing between a one.half- and one-square-mile area around the rail station

6An entropy index was developed to gauge the degree of land-use mixture m the census tract The index expressed the
degree of heterogeneity across the land-use classes of residential, commercial, industrial, and tnstituttonal/pubhc land
uses High entropy values mdmated land-use heterogeneity while low values denoted land-use homogeneity Land
area ~-as n,zt of parklands and open spaces

71 n addition to measuring the distance along the shortest path between the site and the nearest stataon, researchers
counted the number of street crossings and noted whether the crosswalks were equipped with pedestrian-activated
signals or had no sagnal at all

8The widest street width was measured at the point of crossing from curb to curb, or, where no curbs existed, from one
edge of the street pavement to the other

9For office sites, two measures of densities were used The first was the employment densaty of the site atself, measured
m employ¢’es per acre of the sate Employment density was computed by dawdmg 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 sate belonged
This was computed by dt,ctdmg the total number of employees m the census tract by the total area of developed land
devoted to employment uses

ldrl~his was also reflected m the loglt models presented m Chapters Four and Fave Walking distance from the sate to the
nearest raft station was a st#cant predictor of mode choice for office workers, however, tt was msagmficant (and
thus d,d not enter the model) for predactmg mode chomes of stataon-area resadents
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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 ridershlp levels The primary purpose of this research has been to

test this hypothesis for five rail systems in Cahforma The research findings largely confirm the hypo-

thesis --however, with several important caveats One, both housing and workplaces need to be clus-

te red around rail facihtles if significant shares of work trips are to be captured by rail transit, concen-

tr.’mng 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 rml commuting Two, regardless

how close development is to a rail stauon, a number of other factors intervene that strongly deter-

mine mode choice. The most important is parking at the workplace If people hvmg and workmg

near rail stations receive free parking where they work, the odds of commuting by rail drops sharply

And third, 1 ranslt-focused development, in and of itself, as unlikely to yield substantial secondary

benefits, hke reduced traffic congestion on parallel corridors or lower levels of air pollution In com-

bination with other transit-supportive programs, however, transit-focused development can make an

important contrlbuuon toward the attainment of such regional mobihty and envaronmental goals

Thi.,, research was organized around studying ridershlp characteristics of transit-focused

development, and in particular how features of the built envaronment 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

Transzt-Focused Housing

Surveys data were collected from residents of 27 apartments and condominiums (each

wl| h at leasx 75 dweUmg units) located within around one-half mile of a rail station Data were

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

The average rail modal spht for all trips was 15 percent, with mgnificant variation Rail
slhares as high as 79 percent and as low as 2 percent were found among residential

~rojects Housmg around BART averaged the highest rail sphts (26.8 percent) while
ousing around SCCTA averaged the lowest (6 7 percent). Overall, those residing near

Cahforma rail stations are fairly auto-dependent ~ over 75 percent rehed on a car,
either 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 This is much higher than the three BART-served counties’ rail modal
spht of 5 percent for work trips m 1990 It is also considerably higher than the 1990
average of 17 8 percent for allBay Area residents hvmg within one-half mile of a BART

128



stauon For each Bay Area city served by BART, residents hying near rail stations were
around five times as likely to commute by rad transit as the average resident-worker in
the same city
The strongest predictors of whether station-area residents commuted by rail was whether
their destmauon was near a raft station and whether they could park free at their destina-
tion Other s~gmficant predictors were vehicle ownership levels and the avadablhrv of
employer-prod transit allowances If stauon-area residents work m San Francisco for an
employer who charges for parking and they receive a transit voucher, there is over a 95
percent chance they will commute by BART If the same condmons hold and they work
m Oakland, the probablhty 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 theywdl commute by rail Clearly, if transit-based housing is to produce
meaningful mobility and environmental benefits, there must also be transit-focused
employment centers
Many of those surveyed who previously lived elsewhere m the same metropohtan area,
though not near a rail stauon, 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 malority 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 prochvity to patronize rail transit
Also, the decision to rent or buy a home near a rail station rmght have been influenced
by a desire to commute to work by rail transit
As might be expected, the vast maionty of those residing near rail accessed nearby sta-
tions by foot- around rune out of ten Once they reached their exit station, around
three-quarters walked to their destinauons
Households near rail stations were smaller m size (average = 1 89 persons) and owned
fewer vehicles (average = 1 53 cars or trucks) than other households in the respective
metropohtan areas

7i’ansit-Focused Worksites

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

one-half mile of a Califorma rad station
The average rail modal spht 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 times more
hkely to commute by rail than the average worker in 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
.’l private vehicle Living in a BART-served city, for instance, increased the hkelihood of
~,,tauon-area workers commuting by BART by 40 percentage points, all else equal Free
parking reduced the hkelihood by around 20 percentage points Rasl commuting also
increased with commute distance and the availabihty 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
tail travel That is, transit-based workplaces require transit-based housing if rail travel
is to seriously compete with the private automobile
Of station-area workers who previously worked at a location unserved by rail but within
the same metropohtan area, only around 31 percent commuting by rail now used it
before From this, one can infer that working near a rail station raises the hkehhood of
commuting by rail by 30 or so percentage points, all else bemg equal

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

Among station-area workers who commuted by rail, slightly more than 50 percent park-
and-rode at the originating station Around one out of five reached the station by foot
Once at their destination station, over 85 percent walked to their nearby workplace

Transzt-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 is located in

the heart of downtown San Francisco’s retail district where parkang as expensive and transit services

ave superior to anywhere in the region Both El Cernto Plaza and Bayfatr shopping center are

Ial:ge 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 malls with plentiful parking had lower rail
.,,hares, especially El Cerrlto 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-
.,,hed maround 14 percent traveled over 20 miles to get there However, over one-third
also traveled less than a male to SFCentre m typically downtown workers and tourists
Shoppers who arrived by rail tended to be women, youths, and ethnic manorxties

Influences of tloe Built Environment

The relationships between transit ridership and the site and neighborhood characteristms

of the 27 residential and 18 workplaces were also explored

r~l’s modal share fell hnearly with distance from the station for the surveyed housing
projects mon average, by about 0 85 percentage point for every 100-foot increase in
walking distance

For offices, the ridership 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 commutmg by rail; beyond 500 feet, no more than 10 percent of workers took
rml to work

In general, ridership gradients for California transit-focused projects were flatter and
lower than those found in previous studies forWashmgton, D C., Toronto, and Edmonton
"IRis is hkely attributable to the greater abundance of park-and-ride facihtxes at Califorma
stations, differences m urban form, and the higher degree of workplace primacy (l e,
larger downtowns) in these other cities

Among land-use variables studied, ridership for transit-based housing projects was most
sCrongly related to neighborhood density and proximity Maxed land uses and various
indmators of ’MraLking quahty" were not significant predictors of transit modals sphts
among residential sites Thus, within a one-half mile or so radius of a station, land uses
or features of the built envaronment matter very httle ~ as long as residences are near
stations, the characteristics of the immediate surroundings are of nunor importance,
barring no serious problems hke bhght or high crime rates

For office developments, proximity and area-wide densxties were the two dominant site-
related factors influencing rail usage For every additional 100 employees per acre, rail
rldershxp rose 2 2 percent Mixed uses and measures of environmental and walking
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quahtywere not sigmficant predictors of the share of station-area workers who commuted
by rail

Overall, it is 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 hke levels of mixed use or quahty of walkmg environment have
a neghglble influence As long as development is geographically close and oriented
toward a rail station, reasonable shares of residents and workers will travel by rail To
the degree both ends of trips are clustered around a rail station, the odds of travehng
by rail transit increase sharply

2. Conclusions

The principle conclusion ofthls research is that if transit-focused development is to reap slg-

mficant mobility and environmental benefits, then most kinds of trip origins and destinations must

be clustered around rail stations Haxang transit-based housing does httle good if most job growth

occurs outside of CBDs or far removed from rail stationsu such as in suburban office parks and

highway corridors Likewise, raft-served shopping centers will attract relatively few transit users if

most residences and workplaces are not oriented to transit In short, a variety of urban activities

need to be concentrated near transit facihties lfsigmficant shares of trips are to be won over to tran-

sJt, especially given the trend towards decentralization We can conclude, then, that for rail transit

to work effectively, metropohtan areas need a multi-centered urban form that is fed by an efficient

ti anslt sysl em --that is, they need to be more hke some of the world’s most successful transit metrop-

ohses, such as Stockholm and Toronto In addition to clustered development around rail stations,

other complementarypohcies and programs need to be in place-- such as universal parking charges

a rid 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

to transit

Not everyone is so optimistic about the prospects of transit-focused development doing much

good Downs (1992) argues that the permanence of the existing built encironment will prevent dra-

matic gains in density, and that only huge increases in average suburban residential denslues would

substantiaUy 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

st ations would unhkely reduce vehicle-miles traveled (VMT) by any more than 2 percent Besides,

tie notes, cmng 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 hved within one-half mile of a BART

sl ation in 1990 --ranging from 4 5 percent in Contra Costa County to 12 3 percent in San Francisco

Based on 1990 census statistics, 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 Populatlon Among Workers Living % Total Commutes
Within 1/2 Mile of Within 1/2 Mile of by Station-Area Raft

BART Station (1990) BART Station (1990) Commuters (1990)

Alameda County 9 8 17 3 1 7
Contra Costa County 4 5 11 3 0 5
San Francv~co 12 3 25 5 3 1
Three County Total 8 9 17 8 1 6

Source U S Census, STF 3-A

rail transllc --again, less in Contra Costa County and more m San Francisco (This share is shghtly

below the 19 percent rail modal spht for work trips found for the 27 residential sites surveyed in

this study ) This suggests that only 1 6 percent of all commute trips within the three BART-served

counties were by station-area rail users Doubhng the number of station-area rail users would have

a pretty small impact on current regional commuting and environmental conditions

The one land-use strategy that to Downs seems to hold the most promise is concentrating

jobs in large clusters oriented around rail transit stations This is consistent with the findings of

this research that workplaces in dense settmgs near rail stations average high shares of transit com-

muters, especially when parking charges are levied Still, Downs is skeptical about most land-use

initiatives, concluding that there is little pohticaI support for them and that the efforts required are

"wholly disproportionate to the severity of the problem, the pain it is causing, and the benefits of

e!:tdmg it" (p 94)

While the benefits of singularly achieving transit-based housing or concentrated employment

centers are likely to be modest, the effects of such lmtiatives in combination can be far more substan-

tial, especJtally when introduced in combination with parking restraints and other TDM measures

One onfy has to look to Stockholm to appreciate what is achievable Stockholm, we would argue, is

an appropnate comparison in that Sweden is one of the most affluent countries in the world with a

h:tgh automobile ownership rate (2 1 personsArehicle) Moreover, most Swedish cities sit in a large

flit 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 suburbanizanon path than in

America In Stockholm’s case, the key reason for this has been careful coordmation of regional

trans,t and land-use plam,ang over the postwar period In response to urbanization pressures,

Stockholm’s city council has built a number of satelhte new towns over the past three decades, most
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surrounded by greenbelts and connected to Stockholm by rail An ovemdmg principle was to dls-

t~rlbute industry and offices to satellites roughly m proportion to residential population m order to

avoid a "dormitory town environment " These rail-fed new towns were also planned for a mix of

housing types (single-family and multi-tenant) as well as uses, with offices, shops, clvm buildings,

and other actmues m close proximtty to each other (Hall, 1988, City of Stockholm, 1989)

The mobihty and environmental impacts of this built form have been unmtstakeable 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 trlp~,, (Stockholm Lans Landstmg, 1992) However, urban development patterns, alone, did

not produce these results Parking and automobile travel ~s expensive in all Swedish cities, and

nearly all ,apartments are publicly subsidized Cities like Stockholm are testaments to how inte-

grated raft and land-use planmng m combmanon with market-rate pricing of automobile travel

and other demand management efforts can reduce auto-dependency

3. Prospects and Outlooks

A rmmber of observers hold high prospects for denser, more transit-oriented housing and

workplaces m the U S According to the Urban Land Institute (ULI) (1991), rising housing costs 

the trend toward smaller households w young people just starting out, young married couples saving

for a first home, empty nesters, persons once again hvmg alone because of a dtvorce or death of a

spouse --bodes well for the future ofmulufamily housing Today, around 30 percent of households

with annual incomes m the $20,000-$30,000 range live in multifamily housing ULI (1991, p. 6)

concludes that "a region’s economic growth and vitahty depend on the presence of a sufficient

supply of workers and a region’s abihty to attract workers depends in large measure on the

availability of affordable 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

densmes are possible if they are complemented by more amenities, such as on-site recreational faclli-

ues, on-s~te water features and civic spaces, pedestrian-friendly streets, and human building scales

Some designers also maintain they can change peoples’ "perceived densities" through such treat-

ments as varying building heights, detaiLing roofhnes, and altering building materials to break the

monotony of tradttional slab structures, narrowing setbacks while maintaimng detached umts,

actdmg accessory umts and granny fiats to backlots, converting single-family homes into duplexes

and triplexes, and destgmng buffers and edges around high rises (Bookout and Wenthng, 1988)
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Most crees also have a number of number of tools at their dlsposaI to encourage refill devel-

opment and higher densities land use controls (e g, denslff bonuses, transferable development

rights), fon’nauon of redevelopment authormes, and various taxing devices (e g, tax increment

financing) Transit investments themselves can be effective levers toward reducing higher dens,ty

growth, pamcularly 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 vanauon of efficient pricing

would be to grant credits of various forms-- such as against property taxes and impact fee obhga-

tions wto developments that are conducive to transit riding, ndeshanng, walking, and blcychng

If ,transit-focused development indeed yields pubhc benefits, as has been the case in Stockholm,

then this "posmve" impact should be tinancmUy rewarded-- the opposite of an impact fee Better

pr~tclng and better urban deszgn, along with better regional planmng, would go a long way toward

producing built forms that begin to attract substantml numbers of Americans to transit and other

alternattves to the drive-alone automobile
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BAY AREA TRAVEL SURVEY

’This survey =s part of a continuing effort to improve transportation services m the Bay Area It Is being conducted II
by the University ef Califorma Transportation Center Please help us by filling out this questionnaire YourIresponses wdl be completely confcient~al Please complete this w/thin one week and drop it ~n any mailbox Postage |i
is prepa~l For questions, please contact Barbara Hadenfeldt at UC Berkeley (510) 642-4874 

"" Thank You for Your Time and Assistance *"
in[ormationon Your Household
1 Including yourself, how many people live in your household __ How many 16 years or older
2 How many autos, p~ckups, and vans are available ~or use by members of your household

information on Persons 16 Y~rs of Aoe or More
Please provide information on up to two household members of at least 16 years of age, Including yourself and one other person

You
3 Sex 1-Femate 2-Male (anterior2)
4 Age of each person
5 Ethnlc~ty or race
S Does person work out=de this restdance’~ (enter 1, 2, or 3)

1 - Yes, Full "lime 2 - Yes, Part-Time 3 = No

For persons working, enter code to rod=care current occupation
1 - Accountmg/~nanc~al 4 = Lahorer 7 = Sales Worker
2 - C~encal/Secretanal 5 - Manager/Administrator 8 - Service Worker (waiter, store clerk)
3 = Craftsman (mechanic, bulkier) 6 = Professional (consultant, engineer) 9 - Other (specify)

8 Approximate annual salary (enter code}
I. 0-$15,000 3- $20,001 $25,000
2 .. $15,001o$20,0004 - $25,001-$30,000

5- $30,00’I-$40,000
6 = $40,001-$50,000

7- $50,001°$60,000
8 - $60,001-$70,000

9- $70,001 $80 000
10 - over $80,000

9._Travel of Persons 16 Years o| Aoe or More

Pleaseprowdetraveltnformatlononeachpersonldentffledintheprevlousaect=on Person2tn theprewoussect~onshouldbetheseme
as Parson 2 in ths sec~on For each person, please preY=de data for the ~ made yesterday (if yesterday was Saturday or
Sunday, please flit =n for the last weekday you worked )

¯Please use the codes below to fill m information on Tn~) PurDose and Means of Travel ̄

You (Date _._J_.JcJ2)

Time you left (orcle AM or PM}
Trip Purpose (use codes below)

Means of Travef (use codes below)
Ongm (city name or zip code)

Destmabon (c=ty name or z~p code)
Amval t=rna at Deatmatton

Length of tnp

A~PM A~PM __A~PM

AMJPM AM/PM AM/PM
miles ~_ meles ~ redes

PERSON2 (Date __=J,._.jtJ~

~me you left (cLmle AM or PM)
Trip Pumcse (use codes below)

Means of Travel (use codes below)
Ongtn (c~ty name or zip code)

Destination (city name or z~p coda)
Amval tome at Deatma~Jon

Length of tnp

~

ASNPM AM/PM AM/PM

AM/PM AM/PM AM/PM

miles ..... miles - - mdes

CODES: TRIP PURPOSE CODER,

1 - Go to Work 1 = Drove a car
2 - Return Home 2 - Rode in a car or van
3 - Personal Bu=neas (e g~ to bank) 3 = BART
4 = Meal or snack 4 - Rode Bus
5 = Shoppeng 5 = Walk
6 - Med=czl 6 = Bicycle
7 = Soc=aVRecreat=onal 7 - Other ( )
8 = Other ( 

COMPLETE BOTH SIDES
THEN FOLD AND SEAL WITH TAPE
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tn(ormation on Commutlna (YOU ortlv~J
Please answer the remaining questions only for you

10 What was yo~Jr round tnp cost to and ~mm work Ior
transit fares $ ~

lolls $

~as your employer (Check all that apply)
Help pay for your transit expenses
A;Iow you to work flexible hours

Stagger your work hours
ProvJ0e a car tot b~Jness or emergency use dunng the day

Pmvtda 1roe parking N not, how much is pa~ng per day S __
per month $__

Informst|on or+ Commutlna by BAWl"/YOU on|v~
Answer only for tourself, and only/{ YQU rode BART for any Do.on of tour too fo work. Othenmse sidp questions 12 and 13

’t 2A At which BART stabon dCd you board from on yOur way to work
At whch BART star=on dad you axzt from on your way to work

How did you get from your home to BART and then trom BART to your workplace
From home to BAST (ch~k one1 From BART to Workolacs (check one)
walk -- walk
drive car -- drive car
ride as passenger nde as passenger.
bus -- bus
b=cycla __ bicycle
other (.__} -- other ( , )

t 2C Hc~ long d+d ;t take you to travel from
Your home to BART mitxs BART to your workplace __ rams

Please prowde the requested reformation fop your Door rsstdsnce ;! your poor res~/ence was m the B=y Area

13A City or zip code of pnor rasCdencs

13B For your prior re=dance, dad you work at the same p~ace as you do now? Yes No
ff you answered No, please indic=re the city or zip code where you last worked when you lived in your prior re.dance

13C On most days, whet was your usual means of travel to work (Check one)
Drove a car __ Rode Bus
Rode in a car or van __ Walk
BART Bcycle

__ Other ( 

130 What was the usual smount of time end d=st=nce to work Pore your pmvmus residence -- minutes __rmlss

General Comment~
Please Wov,:le any comments or =uggastJons on hmw transportation might be Improvsd tn the Bay Area

if you are wiling to take part In ¯ more extensive transportation/housing survey please provide your neme and number below

NAME TELEPHONE ( ) --

YK 35

POSTAGEWILL BE PAID BY ADDRL~$EL

INSTITUTE OF URBAN AND REGIONAL DEVELOPMENT
UNIVERSITY OF CALIFORNIA
2000 CARLTON ST

BERKELEY CA 94704°9978

Jl)J,,,l,.l],,, J~l,,,.L,,|J+h,~,J,, l,. n,,J+,,+Jl, 
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BAY AREA TRAVEL SURVEY
rTh=ssurvey=spartofacontmumgeffortto=mprovetransportataonservcesmtheBayArea It ~s being conducted by the
Unwers~ty of Callforma Transportatmn Center Please help us by filhng out th~s questmnna~re Your responses wdl be
comptetely confidenbal Please complete th=s Hnthm one week and drop =t in any ma~ box Postage =s prepaid For
questions, please contact Barbara H adenfeldt at UC Berkeley (510) 642-4874

J~mst(on on Yourself
1 Please Indicate where you IJve

Name of City or Town Intersection nearest your home
Zip Coda __

2 Including yourself, how many people bye in your household?
3 How many autos, p~ckups and vans are avadabla for use by members of your household?
4 Your sex (Circle one) 1 = Female 2 = Male
5 Your age
8 Your occupal=on (Crrcle one)

1 = Accounting/Financial
2 = ClencaL,’Secretanal
3 - Craftsman (e g, mechanic, bu=lder)
4 = Laborer
5 - Manager/Administrator

7 Your approximate annua~ salary (Circle one)
1 - 0 $15,000 4. $25,001-$30,000 7 = $50,001-$60,000
2 - $15,001 $20,000 5 - $30,001-$40,000 8 - $60,001 $70,000
3 = $20,001-$25,000 6 - $40,00’~-$50,000 9 = $70,001-$80,000

6 = Prolesstonal (e g, consultant, engineer, lawyer)
7 = Sales Wo~er
8 - SQrvlce Worker (e g, waster, store clerk)
9 - Other (. 

Your Commute Charscterlsfl¢.l Please prowde informer=on on your trip to work today
8 Today’s date / 192

10

10 = over $80,000

11

At what time did you leave home to go to work’~ AM/PM (mrcla AM or PM)
At what time did you amve at work? __ __ AM/PM

1,2
1}
14

What means of travel did you use to get to work today? (CImla one)
1. Drove alone
2 - Drove ~th others (how many others, exckJdlng yourseff _.=__J
3 - Rode as a passenger (how many total were in veh=cla 
4 - Rode BART
5 = Rode Bus

6 .Walked enttreway
7 = Btcyclad
8 - Taxi
9 - Other (spec=fy

Approximate travel d~stance from your home to your office redes

Answer Pert A or B, whichever applies --

Information on Drlvlno to Work
Answer these questrone only if you drove to work today othenNtse skip to question 15
Are there convenmnt transit ¢onnectmns available for your tnp to work? (Circle one) 1 - Yes 2 - No 3 - Don’t Know
D~d you or wfll you need to use your car durlng the day today? t-Yes 2=No
Does your employer (Check ell that apply)

Hetp pay for your transit expenses ~ Allow you to work flexlbie hours
Stagger your work hours Provide a car for business purposes dunng the day _
Prey=de free parking

(ff not, how much ~s parking per day $ per month $____.)

B Information on Commutlno ~v BAWl"
Answer these questtons on/y d you rode BART for any port~n of your tnp to work today Other~nse skip to question 20

15 At whrh BART sta~Jon did you board on your way to work
At whrh BART station did you exit on your way to work

16 On your way to work, how did you get from your home to BART and then from BART to your workplace
From Home to BART Icheck one1 From ~ART to Wor=’~lace Icheck one~
walk walk
drive car drive car
nde as passenger nda as passenger
bus bus
t~cycle blcycie
Other ( ) Other (.~.)

t7 How long dad it take to travel from Your home lo Boarding Stabon ~ r~ns Exit Star=on to your work place
18 Wh~t was your round-tdp cost to and fmm work for tran=tfares $~ parking $____ tolls $____

other (specify ) $____
19 Does your employer (Check ell that apply)

Hetp pay for your transit expenses ~ Alldw you to work flax~bie hours
Stagger your work hours Prey=de a c~r for bu=ness purposes dunng the day
Provcde free parking

f/f not, how much Is parking per day ~ per month $_____)

mlns

COMPLETE BOTH SIDES
THEN FOLD AND SEAL WITH TAPE
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2O
__ yes no

Midday Trios
D~d you make any tnps ou;s~ds yoor buckling yesterday dunng work hours?
ff you answered yes, please |ill :n the requested Informat,on bek)w

~rne you left

Tnp Purpose (use codes below)

Means of Travel (use codes below)

Destmabon(dty name or z=p code)

Arrival t~me to destination

Length of tnp

Midday Tnps You Made Yesterday

AM/PM

AM/PM

rr~tes

CODES:

P~lor Commutlna

IRtP PURPOSE CODES M~,~,NS OFTRAVFt CODE5
1 - Buraness related I - Drove a car
2 - Personal Business (e g, to bank) 2 = Rode ~n a car or van
3 - Meal or snack 3 - BART and walk
4 - Shopping 4 - BART and dnve
5 - Medaaf 5 = BART and bus
6 - So=at/Recreational 6 = Bus only
7 - Other (write In) 7. Walk

8 - B=cycle
9 = Other (wnte In) ;

Please praY=de the requested Information for your I:~qor place of work if you worked at a different Iocatton in the BA Y AREA wthm THE LAST
7~-/REE YEARS Othe~se skip quest:one 21 24

21 Your pnor place of work
Name of City or Town Zap Coda
Near=~t Street Intersection

22 Did you I~ve at the same place then as you do now? Yes No __
ff you answered No, please md~cate the city or zip cools where you last kved when you worked at your pnor place of work

23 On most days, what was your usual means of travel to work (Check one)
Drove a car ~ Rode in a car or van ~ BART and walk

... BART and drive ~ BART and bus ~ Bus ¢mEy
Walk ~ Bicycle ~ Other (

24 What was the normal amount o! brae and distance It took to commute to your pflor workplace
manures miles

~,~P~ere! Comments
Please provide any comments or suggestions on how transportation mrght be improved ;n the Bay Area

YR 35

POSTAGE WILL BE PAID BY AbDRE.~bEE

INSTITUTE OF URBAN AND REGIONAL DEVELOPMENT
UNIVERSITY OF CALIFORNIA
2000 CARLTON ST
BERKELEY CA 94704-9978

Ihl,,,i,,il,,,llh.,,I,,Ihh,hl,,h,,Ih,h,,Ihl
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Table A4.1

Modal Split Among BART Residential Sites, All Trips and Work Trips

Bayfmr Eas t
All Trips
Work Trips

The FoothRls
All Trips
Work Trips

The Hamlet
All Trip, s
Work Trips

Mission Heights
All Trips
Work Trips

Mission We’Us
All Trips
Work Tnps

Nobel Tower
All Trips
Work Trips

P:trk Regency
All Trips
Work Tllps

P;a’kside
All Trips
Work Ttlps

SummerhtU Terrace
All Traps
Work Trips

Verandas
All Trips
Work Trips

Wayside
All Trips
Work Trips

Percent of Trips bv Mode
Drive/ No of

Ride Car Ra__dfl Bus Walk Other Cases

58 1 19 4 9 7 12 9 0 0 31
556 222 111 11 1 00

66 2 26 6 2 4 1 6 3 2 124
628 309 2 1 2 1 2 1

50 0 35 7 0 0 14 3 0 0 24
41 7 41 7 0 0 16 7 0 0

86 0 10 0 4 0 0 0 0 0 50
806 129 65 00 00

82 5 14 5 1 5 0 8 0 8 131
800 170 20 00 10

16 6 16 7 41 7 25 0 0 0 22
23 3 10 0 66 7 0 0 0 0

62 9 31 5 4 0 1 6 0 0 124
579 368 32 2 1 O0

72 7 18 2 0 0 9 I 0 0 33
733 200 60 67 00

84 0 16 0 0 0 0 0 0 0 25
789 21 1 00 00 00

69 1 25 8 1 0 3 1 1 0 97
650 300 13 25 13

51 0 45 0 0 7 3 3 0 0 151
410 549 60 40 00
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Table A4.2

Modal Split Among SCCTA Residential Sites, All Trips and Work Trips

Percent of Trips bv Mode
Drive/ No of

Ride Car Ra__0_fl Bus Walk Other Cases

BeUa Vista
All Trips 93 4 3 4 0 0 0 9 2 3 348
Work Trips 92 9 3 6 0 0 0 4 3 2

Park Almaden
All Trips 77 3 17 5 0 0 0 0 5 2 97
Work Trips 72 8 15 4 0 0 3 8 0 0

Stonegate Circle
All Trip, s 77 1 20 0 0 0 2 9 0 0 35
Work Trips 80 8 15 4 0 0 3 8 0 0

Willow Glen Creek
All Trips 90 8 2 3 0 0 0 0 6 9 87
Work Trips 89 0 3 I 0 0 0 0 7 8

Table A4.3

Modal Split Among CalTrait, Residential Sites, All Trips and Work Trips

Percent of Traps by Mode
Drive/ No of

Pade Car ~ Bus Walk Other Cases

Grosvenor Park
All Trips 93 1 4 5 0 0 2 3 0 0 44
Work Trips 88 0 8 0 0 0 4 0 0 0

HiUsdale G,~rden
All Tnp,s 78 6 6 1 7 7 4 6 3 1 51
Work Trips 78 3 6 7 6 7 4 5 3 7

Northpark
All Trips 66 2 27 0 4 1 2 7 0 0 74
Work Tltps 61 I 37 0 1 9 0 0 0 0

P~do Alto
All Trip.,, 62 5 2 1 2 1 29 2 4 2 48
Work Trips 66 7 0 0 0 0 20 0 13 3
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Table A4.4

Modal Split Among Sacramento RT Residential Sites, All Trips and Work Trips

Percent of Traps by Mode
Drive/ No of

Ride Car Rail Bus Walk Other Cases

Oaktree
All Trips 17 9 78 6 3 6 0 0 0 0
Work Trips 9 1 86 4 4 5 0 0 0 0

Windsor Ridge
All Trips 85 0 1I 7 0 0 1 7 I 7
Work Trips 84 2 13 2 0 0 2 6 0 0

Woodlake Close
All Trips 80 0 12 7 0 0 5 5 1 8
Work Trips 74 3 14 3 0 0 8 6 2 9

Woodlake VLllage
All Trips 84 0 5 7 4 3 1 0 5 0
Work Trips 86 1 9 4 1 7 1 1 1 7

28

6O

55

300

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 Raft Bus Walk Other Cases

I.t Mesa Village
All Trips 85 9 7 7 0 0 6 4 0 0
Work Trips 81 4 9 3 0 0 9 3 0 0

P,~k Grossmont
All Trips 93 2 2 8 0 0 2 0 2 0
Work Tnps 98 0 2 0 0 0 0 0 0 0

Spring Hdl
All Trips 64 9 35 1 0 0 0 0 0 0
Work Trips 46 2 7 7 46 2 0 0 0 0

Vdlage of La Mesa
All Trips 87 0 10 8 0 9 0 9 0 5
Work Trips 85 6 11 8 0 7 1 3 0 7

78

37

37

222
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Table A4.6

Modal Splits for Work Trips by BART Station-Area Residents,
by Destination

Mode

Auto
Rail
Other

Destination
Walnut
Creek/ Share

San Pleas- San Fremont/ of
Fran- Oak- Berkeley/ ant Leandro Union All All
clsco Land Albany Hall Hayward City Other Trips

10 6% 53 8% 35 7% 52 3% 70 3% 80 4% 89 7% 62 1%
88 1 40 4 57 1 38 7 18 6 16 1 6 0 31 7

13 58 72 90 11I 35 43 62

TOTAL 100 0 100 0 100 0 I00 0 100 0 100 0 100 0 100 0

S hare of Work Trips 13 8% 8 6% 2 3% 18 3% 19 4% 18 4% 19 2% 100 0

Note The body of flats table shows the percent of all traps to each destination made by each mode The bottom row
shows the percent of all raps by station-area residents destmed to iurtsdtctions The last column shows the
percent of all trips by station.area residents by each mode

Table A4.7

ModalL Splits for Work Trips by SCCTA Station-Area Residents, by Destination

Destination
Share

Sdtcon Palo Alto/ All of all
Modes San Jose v_.__~1 Stanford Other Trios

ALtto 78 6% 93 5% 92 8% 91 3% 87 9%
gad 159 30 12 09 72
Other 5 5 3 5 6 0 7 8 4 9

TOTAL 100 0% 100 0% 100 0% 100 0% 100 0%

Share of All ’Trips 35 8% 49 4% 3 5% 11 3% 100 0%

NOTE The body of this table shows the percent of all raps to each destmauon made by each mode The bottom row
shows the percent of all trips by station-area residents destined to iurtsdmtaons The last column shows the
percent of all traps by stauon-area residents by each mode

1Sl] icon Vall~r = 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
Rml
Other

Destination
San Palo

San Mateo/ Alto/ Share
Fran- Brisbane/ Redwood Menlo All of all
cisc_._.._Q_oSFO Ctty Park Other Tr.T_GpA

48 3% 81 1% 79 3% 65 0% 83 3% 74 7%
48 3 16 2 4 3 10 0 12 5 I3 3
34 27 164 250 92 120

TOTAL 100 0% 100 0% 100 0% 100 0% 100 0% 100 0%

Share of ALl Trips 12 8% 16 4% 51 3% 8 8% 10 7% 100 0%

Note The body of fiats table shows the percent of all trips to each destination made by each mode The bottom row
shows the percent of all trtps by statton-area residents destined to lUrlSdtctlons The last column shows the
per~:ent of all trips by station-area restdents by each mode

Table A4.9

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

Mode

Auto
Faul
Other

TOTAL

Share of Work Trips

Desunatlon
All Share of

Sacramento Other

75 6% 95 4% 78 8%
18 4 2 6 16 1
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

Destmatlon

El Cajon/ Chula Vista/ All
Modes San Dingo La Mesa National City Other

Auto 75 6% 85 2% 80 0% 98 4%
~fl 23 2 9 6 18 0 0 8
Other I 2 5 2 2 0 0 8

TOTAL 100 0% 100 0% 100 0% 100 0%

Share of All Trips 34 9% 57 4% 2 6% 5 1%

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

Share
of all
Tr_X~
82 5%
14 0
25

100 O%

100 0%

The
The

148



References

E;elmborn E, and H Rabmowitx 1991 Guzdehnes for Transzt Sensitive Suburban Land Use Destgn

Washington, D C Federal Transit Administration, U S Depa~u,lent of Transportation
B ermck. M, and M Carroll 1991 A Study of Housing Budt Near Rad Transzt Statzons Northern

Cal~rnta Experiences Berkeley, California Institute of Urban and Regional Development,

Umverstty of California at Berkeley, WP No 546

Bermck, M, P Hall. and R Schaevatz, with M Carroll, S Guhathakurta, A Jadeja, andJ Munkres 1993

Planning Strategies for High-Density Housing Near Rail Transzt Stations m Northern Cahfornta

CPSBmef5, 2 1-5
Bernick, M, andJ Munkres 1992 Designing Transit-BasedCommuntttes Berkeley, California Insti-

taste of Urban and Regional Development, University. of California at Berkeley, WP No 581

Bookout, L 1992 "The Future of Higher-Density Housing" Urban Land 51(9) 14-18
Bookout, L, andJ Wentlmg 1988 "Density by Design" Urban Landlnstttute 47 10-15

Cameron, M 1991 Transportation Effzciency Tackhng Southern Cahfornza’s Air Pollution and Conges-

tion Los Angeles Environmental Defense Fund and the Regional Institute of Southern California

Cervero, R 1986 Suburban Gmdlock New Brunswick Rutgers Unrversity Press

_.__ 1989 America’s Suburban Centers The Land Use-Transportatzon Link Boston Unwm-Hyman

1993a "Assumptions for Evaluating Travel Demand Impacts of Land Use Related TCMs for the

Houston-Galveston Region" Newport Beach, California SR Associates, working paper

mm 19933 "Surviving m the Suburbs Transtt’s Untapped Frontier Access 2 29-33
Cervero, R, P Hall, and J Landis 1992 TransztJomt Development in the United States: ARevtew and

Evaluation of Recent Expeiences and an Assessment of Future Potential Washmgtorl, D C U S

Department of Transportation, and Berkeley Institute of Urban and Regional Development, Umver-
sity of California at Berkeley, Monograph No 42

Cervero, R, andJ Landis 1992 "Suburbanization of Jobs and the Journey to Work A SubmarketAnalysls

of Commuting m the San Francisco Bay Area" Journal of Advanced Transportation 26(3) 275-97
City of Stockholm 1989 The Development of Stockholm Stockholm

Dc,uglas, B 1992 Comparison of Commuting Trends Between Doumtoum, Suburban Centers, and Sub-

urban Campuses tn the Washington Metropohtan Area Washington, D C Parsons-Brmckerhoff-

Quade-Douglas, Mameo
Downs, A 1992 Stuck in Traffic: Coping with Peak.Hour Traffic Congestion Washington, D C

Brookmgs Institutaon

Fehrs and Peers Associates 1992 Metropolitan Transportation Commission Bay Area Trip Rate Survey
Analys~,~ Oakland Metropolitan Transportation Commission

Frum, J 1992 "Designing for Pedestrians" In Public Transportation in the United States, G Gray and L Hoe.l, eds,

Englewood Cliffs, New Jersey Prentice-Hall, pp 188-204

Ful’~on, P 19’86 "ChangangJourney-to-Work Patterns The Increasing Prevalence of Communtmg Within

Suburbs in Metropolitan Areas" Washington, D C Paper presented at the Annual Meeting of the

Transportation Research Board
Gomez-Ibanez, A 1991 "A Global View of Automobile Dependence "Journal of the American Planning

Association 57(3) 376-79

Gordon, P, and Richardson, H 1989 "Gasoline Consumption and Cities g Reply" Journal of the

American Plannfng Assoctation 55(2) 342-45

Hall, P 1988 Cities of Tomorrow. An Intellectual History of Urban Planning and Design in the Twenti.

etb Century Oxford Basd BlackweU
Handy, S 1992 Regional Versus Local Accessibiltty. Implications for Non.Work Travel Berkeley Um-

versl~ of Calfforma, doctoral dissertation

149



Harvey, G 1990 Relatzon of RestdenttalDenszty to VMTPerRestdent Oakland Metropolitan Transpor-

tataon Commission

Holtzclaw, j 1990 "Manhattanizaraon versus Sprawl How Density Impacts Auto Use Comparmg Five Bay

Area Commumtaes "Proceedtngs of the Eleventh International Pedestrian Conference Boulder,
Colo~ldo City of Boulder, pp 99-106

Hooper, K Travel Charactertstzcs at Large.Scale Suburban Activity Centem Alexandria, Vtrgtnta JHK &

Associates, NCHRP Pro)ect 3-38(2), Transportation Research Board, Naraonal Research Center

Ht,, P, and.[ Young 1992 Summary of Travel Trends 1990 Natzon~de Personal Transportatton
Survey Washmgton, D C Federal HtghwayAdmmistration, U S Department ofTro, Lnsportation

JHK and Assoctates 1987 Development-RelatedRtdership SurveyI Washmgton, D C Washmgton
Metropohtan Area Transit Authority

1989 Development-RelatedRzdershtp SurveylI Washmgton, D C Washmgton Metropohtan Area

Transl~. Authority
Le met-Lain, E, S Celnflcer, G Halbert, C Chellman, and S Ryan 1992 "Neo-Tradmonal Neighborhood

Deslgn, and Its Imphcataons for Tramc Engineering" ITEJournal (January) 17-24

MNCPPC m Maryland National Capital Park and Planning Commtssion 1992 Transzt andPedestt~an

OrzentedNezghborhoods SflverSprmg MNCPPC
Metropohtan Transportatton Commission 1992 Bay Ama Travel and Mobiltty Characteristics. 1990

Census, WorktngPaper #2 Oakland Metropolitan Transportation Commiss~on

1993 Journey-to.Work m the San Francisco Bay Area, Workmg Paper #5 Oakland Metropolitan
Transportation Commtssion

Newman, P, and Kentworthy, J 1989 "Gasolme Consumptton and Crees A Comparison of U S Cities
with a Global Survey" Journal of the American PlanntngAssociatton 55(1) 24-37

Pill, J 1983 "Emergmg Suburban Act,wary Centers m Metropohtan Toronto" Journal of Advanced Trans-

portation 17(3) 301-315

Pis~trskt, A 1992 TravelBehatrlorlssuesintbe90"s Waslamgton, DC FederalHtghwayAdmmistration,

U S Department of Transportation
Ptvo, G 1993 "ATaxonomy of Suburban Office Clusters The Case of Toronto" Urban Studies 30(1) 31-49

Pushkarev, B, andJ Zupan 1977 Public Transportation andLand UsePoltcy Bloommgton Indiana

Untverstty Press
Rice Center figr Urban Mobihty Research 1987 Houston’s MajorActtvity Centers and Worker Travel

Behavior Houston Houston-Galveston Area Councd
Sedway and Associates 1989 BARTHtgher Density Resutenttal Study San Francisco Sedway and

Assoclal es, mttlleo

Stockholms Stadsbyggnadskontor 1972 Stockholm Urban Environment Uppsala Almquist and

WtkseUs, Boktrykeri AB
Strmgham, M 1982 ’q’ravel Behavaor Associated with Land Uses Adlacent to Rapid Transtt Stations" /TE

Journal 52(4) 18-22
Untermann, lq. 1984 Accommodating the Pedestrian. Adattng Towns and Neighborhoods for Walking

andBicycltng NewYork Van Nostrand Remhold

Urban Land lnsratute 1991 TbeCaseforMultifamtlyHoustng Washington, DC Urban Land lnstitute

150






