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The Rail Transit/Land Use Synergism--
Case Study of the San Francisco Bay

Area

ROBERT L. BERTINL JAN L. BOTHA, STEVEN B. COLMAN, AND PETER MCKEAN

In the San Francisco Bay Area, there has been an
incrensed focus wpon the expansion of rail transit
g¥Elems as a soluvtion W the repion’s ransporiston ills.
[Doe o the predominance of relatively low d:rur'lr.}' land
uzce in the Bay Area, the following will be preseated: a
brief overview of the extent and history of the rail transit
gyFtems in the Bay Area : a discussion of the increasing
imporiance of mail mansit in Californin and the Bay Area;
an overview of the relationship betwesn land use denaity
and rall transit options; an dentification of the possible
rail options thal can be supporled by the existing =nd
projecied land uee densities in the Bay Arca; a discussion
of sramegies which may be followed [0 conlinoe @D
successfully and efficiently implement rail transit
options in Use foture m the Bay Armes

Fumure population forecasls indicale that the Bay Arca as
n whole will be de-densifying owver the next fiftesn years,
Therefore, comprehensive strategies shounld be
implemented o strenglthen the exisling wrhan core
throughout the Bay Area and focue fulure zoning
stralegies on strengthening existing rail cormidors,
Because of the proven rail transitfond use synergism, it
I8 mmperative o gain a betler understanding of these
issues ond implement appropriate  policies. A
continwing discussion of these broad issues iz necessary
and cncturaged. In onder i maintain @n overall effeclive
and affordable direction in the planning and
mplementation of rail trangil infrastroctore, this

dialopue must be bronght o the forefront.

INTRODUCTION

T San Framciseo Bay Area (Bay Area) is considered
to he made up of nine Coonties: San Francisco, San
Mateo, Santn Clars, Alsmeda, Contra Costa, Solano,
Sonoma, Mapa, and Barin (zee Figure 1), In the Bay
Arca, the combined effects of new congestion
management réequirements, tough air guality
regulations and the imminent completion of probably
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the Last of the major freeway expansion projects resull
in an increased [ocus vpon We expansion of rail
fransit systems a5 a solution o the region’s
transportation ills. A large portion of the
development in the Bay Area has occurred during a
period when the astomobile has functioned as the
dominant mode of ranzportation. A varely of
factors, including the dominance of e automobile,
local density and height restrictions, and the public's
appetite for suburban-style single family hoosing, has
brought aboast low density development in the Bay
Area,  Low density land use i3 nol particulardy
conduecive o cfficient and soccessful operation of
iransit systems.

The Bay Arca currently 13 bome 10 one ragad raal
syslem, one commuoter rail system, two light rail
systems and one infercity ral system. The five ral
tramsit systems include the Bay Areca Fapid Transit
system (BART), e CalTram Peninsula Comimiote
Service, (he San Francisco Municipal Railway
(BATINT)Y Light Fail system, the Santa Clara Coonty
Transpostation Agency's Light Bail system and the
recently inansurated Amirak Capirols between San
Jose and Sacramente. The Bay Area and the locations
of these systems are shown in Figure 1.

The purpozes of this paper are o review existing
materizl on the relationship hetween land wse densicy
and rail transit demand, and w0 evaluate the oplimuom
rail tramsit alternatives which coold potentially be
supportsd m the Hay Area, based on present and
forecasted land vse density. This broad view of urban
raill tram=it could serve o identify some of the
possible directions that may be taken (0 cnsure
efficient and effective land development amd
ivestment in rail ransit infrstooc i,

Land use density is only one of a number of factors
Miat impact the success and elficiency of mul st
Bat, a review of which ranges of nd vse density arc
appropriate for varous mdl transit options provides a
pood perspective on windows of opportunity for
implementing and expanding ral wansil systems. In
subsequent sections of the paper, the following will

I preseed:

* A brief overview of the extent and history of
the raal ramzl sysiems i the Bay Area as
well as planned extensions.
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FIGURE 1 = EXISTING BAY AREA RAIL TRANSIT SYSTEMS
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. A dizcuzgion of the increasimg mmportance of
rail ransit in Califormia smd the Bay Area

- An overvicw of the relationship between
L wze density and ranl transil oplons.

. An identification of the possible rail options

that can be supporied by the existing and
projected land use densities in the Bay Area,

. A brel discussion of strategies which may
be followed to continue 1o successfolly and
efficiently implement rail transit options in
the fisture in the Bay Area,

BACKGROUND - RAIL TRANSIT IN THE
BAY AREA

The discuszion of the current generation of il transil
syilems in the Bay Area will begin with a brief
description of the development of the BART sysiem,

Preliminary planping for the BART system
cssentially began as carly as 1920 when (ncorge
Goethals, the boilder of the Panama Canal, proposed
constructing an underwater whe connecting San
Francisco (o the East Bay. Then in 1947, a joint
Army-Mavy report was issued, again recommending
an underwater wbe o reheve ralfic congeston on e
San Francisco-Oakland Bay Bridee. o 1957, the
BART District was formed, and plans incleded a
vision for a 452 §-kKilometer (300-mile) system
encircling San Francizco Bay, providing a contimioos
rail link throogh the nine Bay Area coontes. Ponded
by sales tax, propenty tax and beidge tolls, Give Bay
Area countes initially joined e BART svstem: San
Francizco, Alameda, Contra Costa, San Mateo and
Marin. San Mateo and Marin withdrew in 1962, The
first BART service began in 1972, and by 1974 (he
115 1-kilometer (71.5-mile) system was in place,
extendmyg from Daly Cuy o Concord, Rachmond and
Fremont, and a 5 6-kilometer (3 5-mile)d Light rail
tunnel (MUNI Metro} in San Francisco., In 1983, the
voters of San Mateo Commiby voted o contribate 5200
million o the West Patsburg and Dublin Extgnsioas
im the East Bay, in exchange for a Le-kilometer (1.0-
mile) extension o Colma.  Final environmental
planning is near completion for a 10.3-kilometer
(6.4-mile) contmuation 0 he San Francisco
International Airport. In the East Bay, constraction
of the 12.6-kilometer (7.8-mile) BART West
Pintshurg Extension and the 2.9-kilometer (13-milc)
Dublin Extenzion is beginning, and an B 7-kilomeler
(5.4-mile) extension o Warm Springs near the
Alameda Cognty/Santa Clara Coonty hine 13 10 final
envirmmmental shidy.

The CalTram Peninsula Commute Service extends
755 kilometers (46.9 miles) from the wominal at
Fourthy and Townsend Streets in San Francisco o the
Cabill Streed station in San Jose, with limivsd service
an additional 32.0 kilometers (19,9 miles) south (o
Gilroy, in southern Santa Clara County.  The San

Francisco terminal is located approcimately 2.4
kilometers (1.5 miles) sooth of the heart of the city's
financial district, which is the major destination of
porthbound commuters.  This line, the oldest
continonsly operated passenger railroad in the west,
bepan service in 1864, Soothem Pacific owned aml
operated the sysiem unil December 27, 1991, when
e San Francisco - San Jose - Gilroy Bail Cormidor
was purchased by the Peninsula Corridor Joini
Powers Board (JPB}, a poblic agency comprised of
representatives from San Mateo, Santa Clara and San
Frandisco counties, now responsible for operation of
the system. As of July 1, 1992, Amtrak operates
sixty trains per day alomp the system. Ao
improvement plan is under way, including provisions
for grade separations and eventoal extension of the
San Francizco terminal approximately 2.0 kilometers
(1.25 miles) to the Transhay Transit Terminal (TTT),
to provide a closer link to BART, MUNI and the
financial district.

In addiion o the famed cable cars, with, 12.9
kilometers (8 miles) of track, the 5an Francisco
MUNI provides bus and LET service throughout e
City and Coonty of 5an Francisco. Known as the
Muni Metro, e 402-kilometer (25-mile) LET
system (872 Kilometers or 54.2 milesof rack) shares
stations with BART in a subway along Market
Atreet, and extends to the western residentizl areas.
The present LET system was upgraded from the
orizinal trolley system during the tme of BART
construction.  Current plans call for a 4.0-kilometer
{2.5-mile) F-Line Extension along the Embarcadens
from the Ferry Building (o Fishermans Wharf and a
2 4-Kilometer {1.5-mile) Muni Turnback amnd 6th
Swreet Extenzion along the Embarcadero and
Townsend Street, past the CalTrain tenminal.

The 33 5-kilometer (21-pale) Santa Clara I:u:mnl.}r
Comidor LET system was complated in

15991, and inclodes park-and-ride facilities and a transit
mall through downtown San Jose, There is a direct
ink to CalTrain at the newly completed Tamicn
multimedal station. Preliminary design @5 complets
for the 22 5-kilometer (14-mile) Tasman Corridor
ILRT svstern which will cxpand the Guadalope
Corridor.  Santa Clara Coamnty has recently adopted
their T2000 Transportation Plan which describes a
201 1-Kilometer (125-mile) intra-county light rail
master plan, including extensions of the LET system
from downtown San Jose south w Los Gatos along
the Vasona Corridor (161 kilometers or 100 miles)
and Trom the eastern termings of the Tasman project
south along the Capitol Avenue Corridor (2009
kibometers or 13 males). Santa Clara County 13 00l &
part of the BART system. There are preliminary
studies in progress looking al the [easibility of
extending BART from Wann Springs 17.7 Kilomeders
(11 mikes) south to downtown San Jose. In the
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ahzence of BART in Santa Clara Couonty, the light
rail system 13 recerving the majority of attention.

Amirak has recently inaugurated limited commnter
rail service belwesn San Jose and Sscramento.
Dubbed the Capirels, with three passenger radns per
day in each direction, this service has excecded
rdership forecasis and has the polental o provide
conmections o BART stations in Alameda and Contra
Ciosta Counties,

The rail transit network in the Bay Area is
domipated by BART and is sugmented and fed by
many bus services. Inm 1983, the Metropolitan
Transportation Commission (MTC) enacted
Resolution 1876 in order o miegrate the rail systems
of the Bay Area and "set forth the Mew Bail Transit
Startz and Extensions Program.” (4) The cuarrent
gronping of five relatively independent rail transit
systems 15 not yed folly intesgrated.

For many people, the concept of BART Around The
Bay is very promising. Completing the Fremont -
San Jose hink and extending BART through Marin,
Mapa, Sonoma and Solano Countics would be crocial
o achieving s milestone. Cerainly, BART plays
the leading role in the family of Bay Area rail transit
systems.  San Mateo Counly bas made a strong
commitment 0 BART with e Colma Extension
currently under constroction and the planned
contingation through Sooth San Francisco and San
Bruno to the San Frncisco Intermational Airport.
San Mateo County has also made 3 fArm commi tment
o the CalTrain downtown exiension, As of yer, San
Francisco and Santa Clara Coamties have nol echoed
this commitment to the dosmiown cxtension with
Tunding assisLmce.

INCREASING IMPORTANCE OF RAIL
TRANSIT IN CALIFORNIA

The Loma Pricta Eanthqoake of October 19849 drew
anention 1o the necessity of public wamsn sysems,
Earthguake damagpe cawsed the closure of cenain
freeway links, leading o mcreased BART ndership.
Pre-carthquake daily average ridership stood at
224,000,  Immediate post-earthquake ridership
increased o an averape of 314,000 for November
1989, with a highest day ridership of 357,000, Since
then, the sustained post-carthgnake ndership has been
approximately 250,000,  The earthquake also
precipitsed o temporury extension of CalTrsin south
o Salinas. Since 1989, portions of freeways have
remained closed for repairs and short sections have
been demolished. The momeninm towards greater
public transit service in the Bay Area seems (o be
ifCTeasing.

Several countics in the Bay Area are i the madst of
ambitions self-help hishway expansion propgrams,
which some have dubbed as bemng the last of their
breed. Bepinming with Santa Clara County's Measure

A ong-halfl cent sales pax, passed by volers on
Movember 6, 1984, San Mateo, Alameda and Contra
Costa Countics have followed with similar programs,
In Santa Clara County, the Measure A frecway
expanzions and completons may mark the end of
major freeway capacity improvements in Silicon
Valley. San Mateo Coonty's sales tax program
inclodes the addition of auxiliary lanes and
mnprovement of mterchanges, with oo magor freeway
capacity additions. The ambifious programs in
Alameda County and Contra Costa County inclode
major freeway cxpansions, many of which are
presently under construclion or i planmng and design
sliges.

Combined with the major freeway construction
programs currently underway are (he transportation
planning and development measores included as pars
of State Proposition 111, a pasoline tax measore for
statewide highway projects, and Proposition 108, a
rail bond measure, approved by California voers in
June, 199}, With the propositions came the
requirement that California’s uwban counties designate
4 congestion manzgement agency (ChA) to prepare,
implement and annually wpdate a congestion
managzement program (CMP).  The function of a
CMP is o develop a procedure to relieve or manage
forecasted roadway congestion and to cnsure that
"lederal, state, and local agencies join with transil
districts, bosiness, privaie and covironmental interests
to develop and mmplement comprehensive strategics
needed o develop appropriale responses Lo
tramesportation needs.” (1}

The Bay Area is classified as a nonafiainment arca
for ozone and carbon monoxide under the BPederal
1980 Clean Adr Act Amendments. In addinon, the
Bay Area is classified a5 a severe nonatiainment ares
for ceone and carbon monoxide under the 1989
California Clean Air Act.  Becaose motor velicle use
contributes a large share o Bay Area air pollution,
MTC has enacted Besolotion 2270, This stales that
& maEjor ransponation project must demonstrate that
when completed, there will b fewer and less sevens
violations of the S-hour Mational Ambient Adr
Quality Standards (MAAQS) for carbon monoxide
than there wounld be if the project were not baile
There will be a need w reduce avtomobile wavel and
to reduce the use of single-occupant vehicles if carrent
ar quahity standards are w0 be met, (2)

It has been shown through recent voter hehavior,
public opinion polling and rider behavior that rail
ransit is experiencing a renaissance in e Bay Area
and in Califomia as a whole.

Pazzenger rail, “formerly viewed as a novelly, 15
emerging as California’s new choice of
transporiaton.” (3} Environmental rezulation: bhave
determined many transit decisions; and particularly in
Califormia, the high npht-of-way and constreclion
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cosis for bunlding addivonal lme miles of freeway
have encouraged consideration of tansit options.

The soccess of the San Dhepo Trolley South Line
(19827 helped spawn e recent interest in rail transit
in California. The creation of a successful sysiem
without Federal funding, using an existing rail right-
of-way caoght a lot of atention. Also, the
Sacramento LET, boilt at oaly 360 million per
kilometer (3%.0 million per mile), bas exceeded
ndership projections.  I[ronically, Loz Angeles is
notorions for the dismantling of a sobstantial wban
and interurban rail system.  In what could be a rail
revival, plans are underway for op o seven commuter
rail services on existing rail rghts-of-way in
Southem Califormia,

RELATIONSHIF BETWEEN LAND USE
DENSITY AND RAIL THANSPORTATION

The development of the western United States has
featured wide open spaces, resulting in comparatively
low density urban areas. The general westwand
movement in the United States was in part inspired
by an overall human desire for open space. There is
an inherent paradox involved when on one hand,
Californians value kvw density living and on the other
hand become enthusiastic aboul the meris of rail
ramsil as a transporiation solution in wrhan arcas,
These valees conflict with one another when a
comparatively low density wrban area attempls o
apply a transportation solution that by definition
relies on relatively high densities for ridership and
revenpe, Rail transit by nalure requires a certain
density adjacent to the rail comidor in order (o ensune
an acceptable ridershap level which will in tom fuel
revenee, In addition, rail ransit reguires a destination
which is transit accessible, soch as a dense
concentration of emplovment and olbher activity
centers.  Hiph density comidors traditionally do not
existin the newer American urhan areas, sspecially in
the weat, This conflict presents an opportunily Lo
examine whal possible relationships may cxisi
between land uze density and ransit alternative
applications.

Thiz section will explore previoos data which have
been compiled i the attempl W draw conclosions
fromn relatiomships between existing land use densiry
and the wiability of public ransit.  These
relationshops will be compared to agpregate land ose
denzity on a countywide basis in the Bay Arca. This
comparison will only be made in the aggregate; no
altempl 1= being made o analyze the residential
denzities present along specific existing or fulure rail
comridors in the Bay Area. Tt is also recognized that
there i a demand-supply interaction; ie. if mil transit
15 provided, the adjzcent land wse densitics will
change.

In looking at land ose density and rail teansil
options, there must be sofficient density within a rail
station's primary service area (usually within a 1.6-
kilometer or one-mile radivs), There muost also be
sulficient massing of density in the vicinity of the
rail station, primarily within a 0.4 kilometer (one-
quarter mile) radins, In addition to high density, there
must be groupings of olher depsity levels. DFinally,
thers must be 3 major destination, which sould serve
as the mapnet for cail tranzit use, In the Bay Area,
downtown San Francisco currently serves as the
major destination, with other arcas such as Silicon
Valley in Sans Clara County, emploviment centers in
Clakland, Berkeley, and eastern Contra Costa County
Tonctoning as other atiraciions.

Existing Relationships Between Land Use
Density and Public Transit Options

A reliable measure for analysizs of development
density 12 bowsing unit density, which is the nomber
of housing onits per acre of residential land.(6) Cross
population density is also used, which is the odal
population of a political jurisdiction divided by the
total land area within that junisdiction’s boondaries,
However, the use of gross popolation density can be
mitleadimg, since each jurisdiction may he composed
of varving amounts of vacant land,

Theere ane three varables which affect the difference
between housing omil densily and gross population
density. The first is the percentage of gross acrcage
devoted o exclusively residential vze, which can be
between 30 and 70 percent (6); seoomd is the vacancy
rafte of houvsing umits, particolarly of muolt-om
dwellings; and third is the number of persons per
housing unit

Pushkarev and Zupan developaed a chart which
converts gross population density per square mile @ a
range of housing unis per residental acre, calibrated
with 1963 and 1970 data from the New York Region,
The apthors show that these data are also applicable
o other American urban arcas such as Los Angeles
and Dallas-Fort Worth,  The authors then compiled
population and density data from a nomber of urhan
arexs i the United Sttes and discovered some peneral
relationships hetween housing, unit density and transig
mode use, (8) Az urban development densily
increuses, in peneral, auio use decreases and wse of
public transit is cnoouraged. Table 1 shows Transit
Maodes Related 10 Ressdennal Density, and indicales
et certain levels of residential density adjacent iooa
iransit systemdcormidor will support mmplementation
of different transit moddes.

In general, avernge residential densities from a
number of urban arcas in the United States soggest
thai:
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TABLE 1 TRANSIT MODES RELATED TO RESIDENTIAL DENSITY

Minimum Density

Mode Service (dwelling units/acre) HRemarks
[hal-a-Bus Many orgins o many 6 Oy if labor costs are not
destinations maore t twice those of
laxis
THal--Bus Fixed destination or 35 5 Lowver figare if labor costs
subscriplion service twice those of txig; high-
er if thrice those of taxis
Local Buos “Minimum,” 0.8 km (122 4
mile) route spacing, )
boses per day Averape, vires is
Lincal Buas "Imtermediate,” (L8 km ) a fumction of downlirem
(172 mile) roale spacing, size and distance from
40) buses per day residential anea
Local Bus "Frequent," 08 km {172 15 0 doamiown
mile) spacing, 120 buses
e day
Express Bos--reached on  Five buses during twao 15 From 16.1 to 24.1 kam (10
Tt b peak period Average density over two  to 15 miles) away 0
square mile iribwtary area  largest downdoans enly
Express Bus-- reached by - Five to tén buses during 3 From 16,1 1o 32.2 km {10
71Ty twin hour peak period Average density over 20 to 20 miles) to
square mike tributary area downtowns larger than 20
milliom sguare feet of
nonresi-dential floorspace
Light Eail Five minute headwaysor 9 To dowmntoens of 20 w 50
better during peak hour Average density for a million sguare fect of
corridor of 25 o 100 nonresidential Moor space
suan: miles T
Eapid Transit Five minuwe headway or 12 To downiowns Erger than
better during peak hour Avernge density for a 50 million square feet of
corridor of 108 e 150 nomwesi-deniial floorspace
sqare miles
Commmicr Bail Twenty trains a day 1o 2 Unly to largest down-

Lowns, i rail line exisis

Soorce: B.S, Pushkarey and J.M. Zopan. Traesportation and Land Use Policy, 1977,

o Transit oszage is oinimal at densities
between 1 and 7 housing units per residential
acTe (umisfacTe).

] A density of 7 unitsiacre appears b be a
threshold above which udal pubhc ranzn
o= increases sharply.

- More than half of the trips iend 0 be made
using transil 0 areas with density above 60
nmitsiacre.,

£ Redoction in auto irips, wial wrips per
person and incresse in wansit wips with
rising density are most profounced among
middle income hooscholds, Low imcome
bouseholds only make the most essential
trips, expericnce the least impact o total
trips due (o rising density and substinete
tramsit trips for aolo rips more than others.
High income houoscholds buy morc

transportation at any density and expericnce

the least pronounced impact o tolal nops

with rizing density. (5)
Auto ovmership is reduced by an average of aboot 0.4
autos per houschold with a wofold increase in
residentiol density.  In addition, i terms of aulo
oamership, & nearby rapid transit station can have an
effect equivalent (o more than a tenfold increase in
residential density. This relates strongly o the point
that transit demand is related o concentrations of
residentinl uses along a specific cormidor. (6)

5an Francisco Bay Area

In order to amive at land ose densites m a form
compatible with those of Pushiarey and Zopan (Tahle
1), an analysis of Bay Area land use densities was
carried ot.  This analysis cxamined densitics on a
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TABLE 2 SAN FRANCISCO BAY AREA HOUSING UNIT DENSITY

19%0 1990 Housing 2005 2005 Housing
County Papulation Unit Density Population Unit Density
Aulammedda 1,279, 2 5.3 1444600 .4
Contra Costa 803,700 53 946,900 39
Marin 230,100 4.4 258400 2.6
Napa 110,800 4.5 127,400 312
Sanlrancisco 724,000 33.2 774,300 341
San Mateo 40 G000 6.0 681,900 5.1
Santa Clara 1,497,600 6.6 1,658,100 56
Silanc JH A0 3 455,400 3.3
Sonoma JEE 2 15 426.00K) 1.9

counlywide basiz, not along specific existing or
projected futpre transit corridors, Tt therefore
primarily examines the guoestion of whether rail
transit could be implemented on a much krger scale
than is existing or curmently planned.

Table 2 shows the Bay Area's Hoosing Unit Density
for each county for 19940, using actual 1990 census
population data and residential acrcage from the
Association of Bay Arsa Governments [(ABAG)
Projections 20, (10} Table 2 alzo shows the Houzing
Unit Density for 2005, based on population and
projected residential acreape from Projections 90,

Uzing the 1990 census data for tolal housing umits
and the ABAG data for residential area, the 199%)
Bousing unil density was calculated for e mne Bay
Area coamtics. The greatest housing unit density is
in San Francisco, with 33.2 housing units per
residential acre. The lowest housing unit density is
in Sonoma County, with 2.5 housing units per
ressdental acre, The average housing unit density for
the nine Bay Arca countics for 1990 is 3.8 housing
umis per residential acre.

Using the 199() census data, a ratio of population o
housing units was calculated for each county. The
average nurmber of persons per boosing umit is 2.5,
assuming no vacancies. The acial ratio for cach
individual county, ranging from 2.2 in San Francisco
o 2.9 in Solano County, is considered o remain
constant for te year 2005,

Using the ABAG population projections for 2005,
wilh the constant ratios of persons per bousing unil,
projections for the nomber of housing units for each
county in 2005 were calculated. The sdditional
increment of land predicted to be available for
residential development in the vear 2005 was added to
the previous residenbal acreage in each counly 1o
oblain projections for totl residential acreage in
5.

To obtain the projecied 2005 housing unil densicy,
the 206015 howsing unit projections were divided by the
20005 resadential acreage. In 2005, the greatest value
of housing uwnit density is projected to he 34.1
umitsacre in San Franciseo, Muoch of San Franciseo's

streel pattern along with parce] sizes and densicy had
developed prior to 1920, before the avtomobale began
affecting land vse decisions.  In contrast, the lowest
value of housing unil density would be 1.9 units/fcre
in Sonoma County. The average projected housing
unil density for 2005 would be 6.9 unilsfacre. ©

The calenlations described abowve follow the form
suggested by Pushkarey and Fupan, and indicaie a
trend toward an overall redoction in hoosing unit
density n (he Bay Area by 2005 combined with an
overall popuolation increase.  According o these
calculations, the average hoosing unit density of the
enbre mne Bay Area counties 15 projected 1o decnease
by 1.8 housing units per residential acre between
1990 and 2005, San Francisco displays the ooly
increase in housing unit density during this period,
largely because thers is litlle or no new land available
for future development.

Az a check against what Pushkarey and Zupan bave
stated in regard to the relationship between gross
pepulation density and housing unif density, the 1990
and 2005 pross popolation density figures for each
Bay Arca county were plotied on the chart relating the
two values for other urban arcas im the United States.
It was shown that the Bay Area counties do in fact
display relationships between gross population
density and hoosing unit density similar o those of
oiber urban areas in e Uoted States,

Feasible Public Transportation Options
Based On Land Use Density

Based on the housing wnit density caleolations, some
general relationships can be discuszed, with regard o
the: ability of a certain residential density 10 support &
particular type of rail transit.  This analvsis was
carried out in order to determine the overall abiliy of
a residential area o support rail ransit. 10 was nol
attempied o determine densites in the existing or
fishere rail cormidors themselves,

Looking at Table 1, it appears that in addition to
dial-a-bos and local bos, Alameds County could
polentally support express bus andfor commuter rail
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technologies in 2005, Contra Costa Countly appears
to be able o sopport dial-a-bos, loecal bas, express
bus andfor commuter rail in 2005. The table also
shows that Marin County could possibly support
commuder rail in 2005, It also appears that Napa
County and Solane County could support express bus
anidfor commuter rail m 2005, San Francisco can and
does support rapid transit, local bus andfor express
bus. According 1o the analvsis, San Mateo County
and Santa Clara County coold support dial-a-bus,
local s, express bas andior commuier rail in 2005,
Finally, Sonoma County could apparently support
commufter rail in 2005, These are merely
observations from what Poshkarev and Zapan have
developed, and the term suppor relates solely 0 bow
projected housing unit density compares with the
peneral caepories developed and does nol relate 1o the
appropristencss of existing and planned rail conmdors.

PERSPECTIVE ON FPOSSIBLE HRAIL
TRANSIT OFPTIONS

This scction cxplores possible land use siratepies
which could be implemented 1o optimize the vishility
and effectiveness of public ransit i the Bay Area a8
well & the concept that radl wansil corrdors could be
subjected to o dimected evolofion into the future, In
view of the fact that the predominance of relatively
low denzity residential areas will oot be able o
support intensive rail transit in 8 comprehensive
fashion, it is important 1o look at developing higher
denzsies in specilic cormidors over the long term. [t
is alzo Important to ook at a broad vision for the
evolotion of mdl cormidors and ramsit facilites into a
tmaly integrated ransit system for the Bay Arca.

Land Use Sirategics

While the studics prepared by Pushlarev and Zupan
are illostrative, amd the dats are supported by the
characteristics of the mne Bay Area counties, il is nol
appropriate (o infer that the relationship hetween a
specific land vse density and a specific il transit
option 15 the only characteristic which governs
success of a rail transit system.  The relanvely low
density development on the periphbery of the Bay Arnea
metropolitan area is projected 1w contnwe over the
next fifteen years. Therefore, based on a comparison
of Table 1 and Table 2, the relatively low residential
densiies found in the Bay Area in the futare wonld
not be expected to support  sophisticated, extensive
rail tramzl systems with sufficient ridership and
revenue unless some drastic land use changes are
implemented.

In view of the relanvely low residental housing
unil densities presenl, whatl shoold be done in the
future o maintain, develop and continue the
coordmnated mprovement of e regional mil ransit

pefwork 7 Certainly, concentration of fulure
development, redevelopment and joint development
arcnd existme and planmed rail cormidors wooukd hoee
a significant impact. Pushkarev and Fupan stted that
clustering 2,000 apartments within walking distance
of a rapid transit station at a moderate distance from a
misderate sized downtown and at a density of 15
dwellings per acre, instead of spreading them evenly
#oToss a sQuare mile, could add pearly a carlosd of
riders a day to the transit system.(53) A recent
contest for the design of transif-based commuonities at
three transil stations in the Bay Area resulted in
concepts for focosing housing, childcare and retail
within walking distance of the stations. "Llrban
planners say that if voo pul affordable houzing
complexes, parks, shops, cafes, perhaps cven a
cingma, wilhin walking Jistance of a station,
commuters and others will come.” (8)  Joint
development schemes are bepinming W0 aceive frremer
atteniion and this should be encouraged.

Futare land wse strategies should comsider
densification around existing rail corridors and
stations.  Joinl development al sations should be
pursued further. The Bay Area may at some point see
a greater role for regional government, with onified
decizion makmyg related 10 ransportation, Laad use, ar
quality and utilization of resources, There are merits
ip focosme foture development in established
trangporiation cortidoss with convenient acoess (o the
cxccllent rail transit systems.  The Bay Arca
population 1% projected W increase by approximately
one million residents by the vear 2005, Although
thiz is a significant increase (on the order of fifieen
percentp, it does oot offer the opportonity o
substantially change the overall land use patierns, I
these additions are cormectly planped for, they could,
homarever, add to the successful implementation of
fubure rail transit

Full commummity and agency supporn will ensure (hat
the goals of MTC Resolotion 1576 are realized.
More focus should be placed on integrating the
existing rail and transit systems in terms of facilities
and in terms of schedule, or coordination in the
dimensions of time and space. Emphasis on
intermodal ransfer poants and wmed ranslfers should
he heightened.

Diirected Evolation

A long term vision for an integrated transportation
system in the Bay Area muosl be mantaned, with
facilines plamned and desiimed around thal vision.
The ideal foture rail ranzit components would be
fully integrated with overall efficiency maintained at
comvenent mnemodal Tecalities,
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Projected Future Plan

The rwransit component of a future regional
transportation system could consist of an expanded
network of coordinated ransit on different freguency
and service levels, incleding intercity rail, rapid
intraregional rail transit, intracity light rail, feeder bus
and paratransit systems.  This netaork could inchade
numerons intermodal and mtramodal nodes Tacalvatmg
ey iransfers, pocessible to the mobility impaired,
pedestrians, and bicyeles. These nodes would be ideal
siles aroamsl] which to focos housing, office, retail and
Childcare facilities. The heavy radl and cotrmuter rail
systems would be supported by light il systems
such as the Muoni Metro, and the Santa Clara County
Light radl lines. Possible variations of the recemly
proposed Bay-Link concepd, including East Bay light
rail hnes and additons] ranshay rail capacity could
also be applicable. Integrated bus feeder systems
conld effectively serve all rapid rail and light radl
stations.  The transfer nodes coold also become
imtensive business, residential and colieral activiry
CEnETs,

Due to the present political and funding realities,
sz Bay Area ransit vision could be pursued by
making incremental decisions working progressively
towards te ultimate vision, In order 1o achieve this,
existing corridors necd o be preserved and new
creative zomng and fnancing schemes need o be
developed., Cities and counties should mke strong
leadership roles in encouraging redevelopment and
enacting zoning policies which will strengthen the
urban core present o e Bay Ares and strengithen the
existing and planned transit corridors.  Clities and
counties coold explore mechanisms (0 encourage
these policies throagh the Congestion Manay ement
Agencies or through air quality policies, At some
point, perhaps counnes would be able o reguire
individual cities to develop citywide zoning plans, in
orider o develop comprehensive, phased stralegies for
strengthening development pattens along ransit
corridors over a reasonable period of tme, Counties
could then base distribation of funds o the varioos
citics upon each city’s compliance with the owverall
Loaing sralegy.

An cxample of a facility which was constroected for
the Joarg term 15 the Transbay Transit Terminal (TTT)
in San Francisco, built in 1939 as a pant of the San
Francisco - Qakland Bay Bridge rail transit system.
Im 1959, the TTT was convericd for bos use and it
currently 1% wsed by Gobden Gate Transit, Alameds
and Contra Costa County Transit, San Mateo County
Transit District and the San Francisco Muni.
Sitwated within walking distance of two BART
stations, the facility recently became home (o
Greyhound Lines” San Francisco depot  and 13 the
planned mew CalTrain Dovoniown Terminal, "This
will allow the struciure 10 become a wruly regional

transit terminal” (%) This is a shining example of
how a snocessful ransit system can be opiimized, not
necessarily by creating new system: bol creating
systems that can handle transitions and intermodal
relstionships for the long term.

Perspective on Existing and FProspective
Bay Area Corridors

Mumerous rail transit cormidor studies have been
undertaken in the Bay Area over the last twenty years.
The resulis of these stodics have not always
conformed with the pure application of the Pushkurey
and Lopan approach. This is doe to a complex
combination of political, institutional, environmental
and etomomic reasons.  Two of these comidors are
discussed below,

San Francizco Peinsula Corridor

Mumeroas studies have been performed conceming the
San Francisco Pemnzuly, incloding BART extenzion
stodies, studies that recommended the local buos transit
systems in San Mateo County and Santa Clara
Cowunty, the Pepinsola Transit Aliernatives Project
sindies, the Peninsala Mass Transit Study and the
Guadalope Cormider studies. In sddition, several
m::cm developments have taken place in the corridor
Beginning of construction of the HART

Colma Extenzion.

. Sclection of the preferred altemative for the
BART San Francisco International Airpost
Extension.

. Purchase of the former Scuthern Pacific

nghi=of-way by the Pemimsula Cormidor Jomt
Powers Board and continuing CalTrain
service with Amirak as new operatorn,
. Extension of CalTrain service o Gilroy and
increased service frequency,
Fecent studies have al=o investpated the extension of
CalTrain o downiown San Francisco, © enhance
acoess o downtown and connections o BART and the
MUNI Metro LRT. This project is not presently
fully funded, and onderpround construction greatly
impacts the high estimated construction cost. In
additon, discuszaons ave cenlered on nprovemenils
to the CalTrain system, including electrification,
central train control, automatic toket collection and
implementtion of an outside boarding policy. (hher
proposals over the vears have included the possibility
of extending BART or LET from the San Francisoo
International Airport south w San Jose, The
Pushkarey and Fopan methodology has indicated that
San Mateo County could support a commuter rail
system, bt nof necessanly implementation of zoch
infensive and varied rail systems. When exploning
the mstitetional, political and cconomic realities, it
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becomes apparent thal there are numerous [aclors
which povern il ransit commidor decisions.

Murin-Soroma Corridor

The Marim-Sonoma Corridor extends approximately
14,6 kilometers (65 miles) north of San Francisco
along the TS, 101 freeway, and includes the Golden
Czatc Bridge, The combined popolations of Marin
County and Somoma Coonty is approximately
630,000 people, There 15 a high concentration of
Marin County residents commuting to San Francisco,
particularly in the southern Marn portion of the
corridor. Presently there i excellent peak period bus
service. During the off-peak periods, headways are
sigmificantly less. Bus service is orented directly to
commuters, with many peak hourfpeak direction
services, ranging from standard boses o luxury
coaches, Local bus services, while provided in hoth
counties, is lightly utilized.

An analysis wsing the Pushkarev and Zupan
technigque has indicated that commuicer rail may be
warranted in the Marin County-Sonoma County
corridor.  Several site specific faciors wouold make
implementation of any rail mode problematic,
primarily due o the high construction cost per mile
v-rluch wonld be encountered:

Mountainows terrain through muech of Marin
County would lead 1o high construction
cost. There is an cxisting single track
freight rail lne running through both
counties, which could potentially be
rehabilitated af subziannal cost
. Crossing the Golden Gate, the mile-wide
opening of the San Francisco Bay, would be
costdy.  Althoogh a lower deck addition o
the Golden Gale Bridze has been discussed
for many years, the weight of heavier
commarter rail trains, as opposed to LRT or
BART, may exacerbale the structural
challenges of this crossing,.
® Within San Francizco, high densitics and
public policy would likely necessitate
extensive unnel construction, 0 avoud
complicated uility conditions and w0 provide
imterconnections with the BART and MUNI
Mewro LET sysienms on Market Stresl
In addition, new employment development in
Sonoma County has been low depsity in nature. In
Marin County, new employment development has
been cuiside of walking distance of the existing rail
comidar. The local preference currently appears o be
LET in the southern portion of the corridor, serving
mogl of urban Marin County. The preference in
Sonoma County, in the northerm portion of the
coridor, appears o be commuier rail, with poteniial
joint wse of track by bolh modes in the soothem
portion of the comidor.  Another possibility is

Ho

conmuter rail service in the nonthern corridors, with
connections af high speed ferries 10 dowmown San
Francisco and Oakland. Consideration of these
constraints amphifies the fact that a complex varety
of factors infloence decisions regarding podential rail
cofridor implementanon.  The specific physical
conditions present in a comidor may dictate the rail
development which may be significantly different
from what may be indicated by the Pushkarev and
Zupan approach.

DISCUSSTON AND CONCLUSIONS

Futore population forecasts indicate that the Bay Area
seem a5 a whole wall be de-densifying over the next
fifteen years. Pushkarev and Zupan developed an
overveew Of the relationship between lind wse density
and transit, which attempts o0 quantify the
correlation, Realusng that this is not the onky factor
goverming the snocess of a mal system, this gquantified
correlation has been applied to land pse densities in
e Bay Area wulizing actual census dats and
population predictions,  Using the relationship
developed by Pushkarey and Yupan, the rail system
which can he supporied by the existing and projected
land wse densities were identfied. The resulls
indicated that the existing and projecied land nse
densaty cam, 1 peneral, only support the existing and
already planned corridors, but will not support
exlensive addiions (o the mil system over a wide
e

It is therefore imperative that proactive measures be
laken to create inkensificd densities where they will
have the greatest impact  This would be best served
through the implementation of comprehensive
sirategies (0 strengthen the existing urban core
throughouat the Bay Area and focus foture zoning
strategics on strengthening existing rail cormidors.
Thiz will call for strengthening regional plamning and
zoning ofganization and may require wogher zoning
laws as well as other congestion management and air
quality mechanisms which may indirectly impact land
wie development. In short, an attempt shoold be
made o add the majority of fulore development and
population arpund existing and projecied rail
corridoss, if e inenl remaing © promote orban il
transit syseems,

Most ransportation systems evolve from 3 seres of
imdividuoal corridors inte more a complex miegrted
tranzl nedwork. An ellicient stratery would include
the dirccted evolvement of rail systems. In
folowing such a strateey, some of the facilities that
are planmed, designed and constructed must be created
for not only the immediate or mediom tesm ot also
for the long erm.

It is recopnized that the resolts and discussions
presented heretofore only address a portion of the
iszues associafed with the development of rail



Bertini, Bewhe, Colman gnd McKean

sysiems and land wse. In addition, the proposed
solutions represent only a beginming,  The
mstitotional 1sspes associated with stronger and
directed zoning and land development need to be
stodied in preater depth, and forther proposals need o
be made, Becapse of the proven rail mansivland use
synereism and the high mitial and continuwng cost of
rail tramsit, it i imperative to pain a better
pnderstanding of these issues and implement
appropriate policies. A comtinoing discozsion of
these broad issoes is necessary and encouraged. In
order to maintain an overall effective and affordable
direction in the planning and implementation of rail
teanzit infrastruciure, this dialogue must brought 0
the forefronl
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