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Transportation systems are the glue that binds together American cities. From the first boule- 

vard, through the horse-drawn streetcars of the 19th Century, through the electric trolleys of the early 

1900s, to the freeways of the post-World War 

defming role in piding the growth and development of metropolitan arease What 1s today called the 
“transportation-lad use connection” has been the object of study by geographers and economists for 

more than 150 years, a d  the €ocu of attention for developers and speculators for even longer 

era, tramsportation inveaments have long played a 

This report explores the transit-land use connection from the transit side Drawing on data for 

five urban rail transit systems here m C&fsrnia @ART, CdTrain, Sacramento Light Rail, the Safn Diego 

Trolley, and Samta Clara Light Rail), it uses statktical models to clarify the relationships between transit 

hveserments, land uses, and property values. Four types of transit-land use/property value rellationstrmps 

are considered: 

e 

0 

e 

Q 

Relationships beeweern rail transit investments and smgle-family home prices; 
Relationships between rail transit mvestments and commercial property values; 
RelationsLps between rad transit investments and station area land use changes; and, 
Relationships between rail transit investments and metropoktan-scale Band use changes 

%e Poktcy Csnrext 

This report responds to two pohcy questions. The first IS fiscal in nature; the second relates to 

assues of development pohcy. 

1. New Sources ofLocal Revenue: Urban rd transit systems ~ C K Q S S  the country are facing sigdicanx 
fiscal stresses Capital and operatmg costs are increasing even as ridership continues to decrease. Transit 
operating assistance is likely to be sigsaficarntly reduced or perhaps even ellmnated by a Congress hostile 
to government subsidies in general, and to urban transit subsides in pmicubr. As operating shonfds 
rise, transit operators will increasingly be forced to turn to their ridership base (in the form of higher 
fares9 or to friendly state and local governments for operating assistance. 

Benefit a~sessment districts are one possible alternative source of financing. To the extent that the 
benefits associated with rail trmsh systems (and their use) accrue to a broader section of the pogdation 
than just transit-riders (who presumably pay for the benefits they receive through fares), it may be possible 
to “recapture” some of those benefits through assessments or taxes. In theory, the accessibility advantages 
provided by wbm rail transit systems are capitalized mto nearby property values, building values, or build- 
ing rents A key policy question is whether this capitalization effecx IS large enough in monetary terms, 
extensive enough in spatial terms, or permanent enough IFI temporal terms to make the estabhslhmemt of 
a transit benefit assessment &stria (or, alternatively, the cdection of a “recapture tax”) woahwhle. 
2, Tramit-Onented Development: The idea that transportation investments are capitalized into 
land values is hardly a new one. Nor is the idea that transportation investments shape subsequent urban 
development patterns. Renewed interest m the relationships betweem eransportamm investments and 
urban development patterns has pardeled ~atterest in the so-c&ed ‘hew urbanism.” Unhappy with auto- 
dependent, low-density suburban development forms, the new urbankcs argue that maray newer c ~ m -  
munities should be build around mas-transit lines. To the extent that transit-oriented developments 
substitute for lower-density, auto-dependent development dorms, they should, it is argued, also contribute 



to lower regional congestion and air pollution levels, as well as to an improved q d t y  of community 
life. Rad transit investments have been advocated as tools for shaping growth in such West Coast cities 
as Seattle, Portland, Sacramento, San Jose, San Diego, Oakland, and greater Los Angeles. 

.%2?2maTJ Qfi%dtng.5 

The fundamental question underlying this research is whether urban r d  transit investments 

affect nearby property values and land uses. The answer to t h s  question, at least for transit systems in 
California, is yes, but not consistently, not by very much, and not always in the ways people expect. 

Among the specific fm&ngs of this report: 

I. 
Among 1990 Alameda County home sales, the price premium for single-family homes associated with 
(streiet) &stance to the nearest BART station was $2.39 per meter. The 1990 home sales price premum 
associated with &stance to the nearest BART station in Contra Costa County was $1.96 per meter. 

This capitalization effect is not universal, however. It depends on many things, quality of service 
first and foremost. Regional systems like BART, whch provide rehable, frequent, and speedy service, 
and which serve large market areas, are more likely to generate significant capitalization effects. Among 
California urban rad transit systems, the San Diego Trolley also falls m this category. By contrast, 
systems whch provide Immted service, serve a lmted  marker, operate at slower speeds, or do not help 
reduce freeway congestion are unlikely to generate significant capitahzation benefirs. CdTrain and 
hgh-rail systems in San Jose and Sacramento fall into this category. 

2 Commerctal Property Vabes (Chupter F~ter). Accessibility to rad transit 2s not consistently capit- 
alized mto commercial property values. Measured just on the basis of price per square foot of lot area, 
retad, office, and industrial properties in Alameda County near BART stations dad sell at a price premum 
between 1988 and 1994. Measured in constant q d t y  terms, however -to control for differences in lot 
and bmldng size - Almeda, Contra Costa, and San Diego office, retail, and mdustrial properties did 
not sell at a premium between 1988 and 1994 compared to more distant but otherwise similar buildangs 

3. Ststt~ton Area Land Use Change (Chapter Fzve): Although there has been a sigmficant amount of 
land use change near BART stations smce the system was first constructed, station proximity by itself 
does not seem to have a large effect on nearby land use patterns. Various statistical models were devel- 
oped to separate the effect of station proximity from other factors that affect station area residential 
anc1I)or commercial land use changes. The models were tested using data on land use changes at nine 
repr1:sentative BART stations. In none of the models tested - those involving all land use changes, 
those limited just to the development of vacant sites, or those involvmg specific types of vacant land 
changes - was proximity to a BART station found to be a significant determnmt of land use change. 

The same result held true for land use changes at four (representative) San Diego Trolley stations 
between 1980 and 1994: proximty to a Trolley station was not found to be a significant determinant of 
vacant or developed land use change. 

4. Metrsgslatczan-Scuk Lana! Use Change (Chapter Six) A more nwred result emerges if one looks at 
land use changes at the county or metropolitan scale. The closer a vacant site in Alameda County was 
to a BART station, the more likely it was to be developed m commercial or industrial use between 1985 
and 1990. The opposite was true m Contra Costa County, where, all else being equal, vacant sites near 
BART station were less likely to be developed into commercial or indumial uses between 1985 and 
1990. In both counties, vacant sites near BART stations were less likely to be developed to residentid 
use -- in the ca5e of Contra Costa County, far less lkely. 

Home Przces (Chapter Tiwee): Proximity to rail mass transit 2.5 capitalized mto home prices. 

V 



Proximry to a BART station does appear to have a positive influence on redevelopment activity, 
however. All else being equal, residentid sites nem BAR Tstattons were far more Elkely to be redeveloped 
to commercial or industrial uses than mare &stance residential sites. 

Beyond the Conuen&tonal Wzsdom 

Taken together, these results seem to contradict what has become today’s conventiond wisdom 
regardkg the relationships between transit facilities, propert)’ vdues, and land use patterns. The con- 

ventional wisdom is that col.1~mercial properties more than residential properties benefit from proximity 

to rapid transit stations with respect to sale prices and property values. This  rep^^^ suggests the opposite 

is true: that the accessibility advantages associated with proximity to a transit station tend to be capital- 

ized into residential property values, but not necessarily into commercial ones. 

A second aspect of today’s conventional wisdom is that transit investments can encourage bene- 

ficial land use changes at or near stations. Beneficial iaa this context is usu&y taken to mean greater 

development activity (thereby reducing development pressures in less transit-accessible locations), or 

greater densities (thereby substituting pedestrian and transit travel for auto travel). This report, although 

based on land use changes at a relatively small number of stations, suggests that transit mvestments have 

very little impact on nearby land use patterns. 

We offer three possible explanations for these contradictions. The first is a critique of the models 

and data used; the second two explanations address issues of pohcy 

1. 
various statistical models from which these results are drawn are hcsmplete, incorporate poor measure- 
ments, or are otherwise wrongly specified This argument may have some applicabihq to the models of 
comerc id  p r o p e q  vdues presented in Ch2peer Four; those models are mcompleee. With respeclt to 
the residential value and land use change results presented in Chapters Three, Five, and Six, the model 
results are widely consistent with the results of other, somewhat less rigorous approaches. 

d u e  analysis presented in Chapter Three, for example, is limited to residential sales for a single year - 
1990. Conceivably, a mdti-year andysis mght produce ddferent results. The commercial property 
value data presented in Chapter Four does cover multiple years, but excludes c o m e r a d  properties in 
Sm Francisco. hcludkg downtown San Francisco properties, one c ~ d d  argue, might produce very dif- 
ferent results. The station area land use change analysis presented in Ch2pter Five was Lraslted to m e  
BART and four San Diego Trolley stations Although we strove to make the 13 stations representative 
of their broader systems, one could argue that they are mot, and that the results would have been different 
had one Booked at all soauons. 
2. 
the land use and comercial property value mpaas  of BART and the Sm Diego Trolley would have 
been greater (than what was observed) if the development of those syste~fas had been accompanied by 
supportive land use and development policies. The assumption b e h d  this explaraation 1s that transit 
mveaments done, in the absence of other supportive investments and public policies, are insufficient eo 
signif~cmtly affect Imd use patterns and values. 

While ths explanation may rmg true, it begs the larger question sf what exactly constitutes sapor- 
ttve land use policies. Transit-supportive land use policies are lnke a two-sided equation. One slde of the 

The Wrong Models, Mzs-Used, and Based on Incomplete Data: One might argue, first, that the 

Second, one might argue that these results are based on lsmted samples. The residential property 

An Absence ofSupportrve Land Use Poltczes: A second explanation is more compehg. It is that 

Vi 



equation includes incentive policies designed to promote cenain types of development near transit stations. 
Incentive policies may include higher-use or higher-density zoning, other specific public infrastructure 
invmtments, certain types of regulatory rehef, jomt development initiatives, a hgher level of urban design 
quality, and perhaps even subsidies to particular uses. With the exception of two or three stations, the 
development of BART occurred in the near total absence of locally ~upportaive land use policies. Indeed, 
at a inumber of BART station areas, the explrcit local response to BART was to prevent the development 
of different uses or higher densities. The constmmon of the San Diego Trolley system, lrkewise, was 
not :iccompanred by any sigmficant local land use pohcy changes - except m downtown San Diego. 

The other side of the supportive land use policy equation involves t’ymg to prevent appropriate 
uses which would otherwise locate near transit stations from “leaking out” to other areas, Practically 
speaking, this usually involves Udown-zoIlpng” suburban locations. A few cities have tried t h s  with partial 
SUCCI:SS. Sara Francisco’s Downtown Plan, for example, has successhlly prevented commercial and office 
uses from encroaching on residential neighborhoods; it has been less successful at focusing such develop- 
ment into the areas adjacent to transit stations. Other cities such as Oakland and El Cerrito have tned 
to restrict the development of higher-density housing to transit corridors. The essential problem with 
tkesc: types of policies is that they require a tremendous (and heretofore unattainable) amount of inter- 
jurisdictional coordmation. In the absence of such coordmation, Cahfornia cities have fallen into the 
practice of competing wtth each other for property-tax-generatmg commercial developments. 

are riot particularly amenable to development or redevelopment San Diego’s North-South Trolley h e ,  
for example, is wedged between a freeway, naval facilities, and active industrial areas. Most of the devel- 
opment which has occurred in San Diego over the last 15 years has occurred in an entirely different area, 
BART suffers from a s i d a r  problem over much of its right-of-way. Large portions of the fichmond- 
Frecnont h e ,  for example, run through older industrial areas where redevelopment IS neither likely nor 
m,edrately feasible, 

3. The Weakenrng Transit-Land Use Connection: A find explanation is that transit investments may 
no longer have the abhty to substantially impact urban land use forms or land prices. This is the 
explanation that IS most consistent with the findmgs of this research. It is also an explanation that many 
transit advocates find difficdt to accept. They pornt to studes documenting the crucial role of rail tran- 
sit investmenes p i d m g  the early 20th century development of Boston, Chrcago, Oakland, and even Los 
Angeles. Why, they ask, should rarl transit have served to orgaruze urban development patterns 70 or 
80 years ago, but not have that function now? 

The answer to t&s question is two-fold. First, a far smaller percentage of today’s urban residents 
rely on transit than was the case even 40 years ago. With most residents preferrmg to travels via private 
auto - and with the private auto being a superior mode for most non-work tnps - the attraction of hvmg 
or w o r h g  near transit (except as a means for coping with street congestion) has steadily declmed. 
Second, what is sometimes forgotten about the electnc trolley systems of the early 20th century is that 
they were privately developed for the express purpose of bringmg potential suburbanites to new subdivi- 
sions. They were not built for the purpose of guiding redevelopment efforts or promoting infillt develop- 
ment. Nor were they planned and constructed by the public sector. The process of land acquisition, 
subthhiorn, site planrung, and extending transit lines occurred simultaneously and usually under the 
auspices of a smgle business entity - the private land developer. Instead of local development policies 
being shaped to serve transit (as is now being suggested), transit extensions were planned in order to 
€acilitate speculative development 

Related to this is the fact that transit rights-of-way and stations are often located m areas which 



FTER ONE: 
Introduction 

1.1. Introduction 

Transportation systems are the glue that binds together American cities. From the first boule- 

vard, through the horse-drawn streetcars of the 19th Century, through the electric trolleys of the early 

19061s, to the freeways of the post-World War 11 era, transportation investments have long played a 

defming role in guiding the growth and development of metropolitan areas. What is today called the 
“trunspolrtat~on/land-use connectionn has been the object of study by geographers and economists for 

more than I50 years, and the focus of attention for developers and speculators for even longer. 

Geographers organize the spatial development of U.S. metropolitan areas into four eras, each of 

which has been domnated by a particular transportation technology: (11 The Walking-Horsecar era: 

1800-1890, (i) The Electric Streetcar era 1890-1920; (;> The Recreational hmmobde  Era: 1920-1945; 

and (iv) The Freeway Era. 1945-onward @dams, 1970). This evolutionary vtew suggests that the role of 

ral 1 ransit investments m shaping metropohtan growth is largely past. Moreover, as Giulrmo points 

out, today’s multi-modal urban transportation systems are so weklevebped and ubiquitous that even 
veq large investments should have only mcremental effects (Gidano, 19959. Recent empirical studres 

tend to confirm these views Studies of the BART system undertaken in the rm$-197Os, as well as more 

recent studies of Portland‘s hght-rd system, suggest that the effects of transit investments on land-use 
patterns and land values tend to be small and hghly localized, and that in the few mstances where effects 

are tmdent, they are usually limted to immediate station areas. 

Despite a paucity of empirical evidence indicatmg transit’s ability to shape urban growth pat- 
terns, transit advocates md some urban planners continue to argue for additional transit investments as a 

way of encouraging more compact, less auto-dependent land-use patterns. Mdti-b&on-dollar r d  transit 

coni,tmction programs have been undertaken in Podand and Los hgeles, based in part on speculative 

argt rnents that such investments wdl succeed in generating higher density (and thus presumably more 

env; ronmentally sensitive) development forms. The intuitive appeal of t h i s  argument notwdmandmg, 
the specific ability of new mass transit investments to alter urban development panerns - whether 

locally or regionally - remains very much unknown. 

This report explores the transidland-use connection from the transit side. Drawing on data for 
five urban rail transit systems here in California @ARTs CalTrain, Sacramento Light Rail, the Sm 

Diego Trolley, and Santa Clara Light Wad), it uses statistical models to clarify the relationshps between 

transit investments, lmd uses, and property values. Four types of tr~sit/Ean~-use/prsperty value rela- 

tionships are considered. 

1 



e Relationships between rid transit investments afad srazgLe-j2mily home pnce5 (Chapter 3); 
0 Welationshps between rad transit investments and commwczul property v a h s  (Chapter 4); 
0 Wekmomhps between r d  transit investments and statzorr area hd-l-rase changes (Chapter 51, and, 
e Relationships between rail transit investments and me&opo~z~n-5ca~e hd--use changes (Chapter 6). 

Much of this report is focused on two transit systems, BART and the San Diego Trolley system. 

By just about any measure of system performance - ridership, market capture, fare recovery, vehicle 

speed, and service qu$q - these two systems stand head and shoulders above Cahfornia‘s oeher four 

intra-metropohtan r d  transit systems. If r d  transit investments do indeed affect land values and land 

uses, then such effects are Iakely to be most apparent around BART and Sm Diego Trolley stations. 

1.2. The PdkY CQnkXt 

This repon responds to two fundamental pshcy questions: the first 1s fiscal in nature; the 

second relates to issues of development policy. 

Polzq Questton One: Ftndtng New Sources of Tyansit Operatrneg Funds: 

Urban rail transit systems across ehe country are facing significant fiscal stresses. Capital and 
operatmg costs are increasing even as ridership continues to decrease $ w e ,  1994; Pickrell, 1985; Wacks, 

19891, Transit operating assistance is likely to be significantly reduced or perhaps even elimhated by a 

Congress hostile to government subsiches in general, and to urban transit subsidres in pmicdar. As 

operating shortfalls rise, transit operators will mcreasmgly be forced to  turn to their raclershp base (in 

the form of higher fares) or to friendly state md local governments for operating assistance. Yet in 

many states - and certainly m California - state and local governments are facing their own financad 

shortfalls. If addrtrond operating funds are to be found, they will have to  come from new sources 

Benefit assessment diwricts provide one p~ssible alternative. To the extent that the benefits asso- 
ciated with rail transit systems (and their use) accrue to a broader section of the population than lust 

transit-riders (who presumably pay for the benefits they receive through fares), it may be possible to 

“recapture” some of those benefits through assessments or taxes. In theory, the accessibility advamtages 

provided by urban rail transit systems are capitaltreed into nearby propepty values, bd&ng vdues, or 

budlrmg rents. The extra income which accrues to the owners of suck properties is an unearned wmd- 
fdl, generated by the presence of a nearby transit sgwern The fundamental p o k y  question 11s whether 

&is capitalization effect is large enough in monetary terms, extensive enough m spatial terms, or perma- 

nent enough in temporal terms, to make the establishment sf a transit benefit assessment &stria (or9 

alternativelyy, the colllection of a “recapture taxs) worthwkile. Chapters Three and Four consider the 
slze and extent of transit service capitalization into home and c o m e r a d  red estate values in TI;VIQUS 

California counties. 



Polzcy Qidest~~n Two: Transit and Urban Form: 

The idea that transportation mvestments are capitalized into land values is hardy a new one. 

Nor is the idea that transportation investments shape subsequent urban development patterns. Renewed 

interlest m the relationships between transportation investments and urban development patterns has 

paralleled (and to a certain extent, been fed by) interest in the so-called “new urbanism.” Unhappy with 

auto-dependent> low-density suburban development forms, t h e  new urbmsts argue that many newer 

comnunities should be budd around mass-transit lines. The “transit vdlage” concept takes tlivs idea one 

step ,further: particularly when accompanied by suppomve land-use policies, new transit mvestments 

can help promote the commercial and residential redevelopment of older urban cores (Cervero, 1993; 

1994. And to the extent that transit-oriented developments substitute for lower-density, auto-dependent 

devel opment forms, they should, it is argued, also contribute to lower regional congesuon and au- pol- 

Bution levels, as well as to an improved quality of ~ ~ ~ ~ t y  life. Rail transit mvestments have been 

advocated as tools for shapmg growth in such West Corn cities as Seattle, Portland, Sacramento, San 

Jose, San Diego, Oakland, and greater Los Angeles. 

To what extent - if at all- do transit investments really shape future development patterns? 

The popularity of transit-oriented development and the new urbanrsm notwithstandmg, this questlon 

has been the subject of virtually no recent empiricd study. If investments m new transit systems or in 
line expansions are to be undertaken with an eye toward p d m g  growth, then the question of transit’s 

true capabilities in this regard needs to be addressed. Chapter Five addresses this issue at the station-area 

scale (that is, within a one-mile radus of specific transit stations); Chapter SIX addresses ~t at che 

metropolitan. scale. 

1.3. California’s Five Wail Mass Transit Systems: An Overview 

Common sense suggests that the effects of transit investments on land values and land uses shod$ 
vary with &stance the impacts should be larger for close-by properties, and smaller for more distant 

ones. Another factor hkely to be important is transit service quality. A11 else bemg equal - inchdrng 

&stance md proximity - the effect ~f transit investments on property values and land uses should be 
greaj er €or transit systems with hgher quality service than for systems with 1ower-quaJ.q service. 

The quahty of service provided by Cdifornia’s five rad rapid transit systems varies considerably. 

Much of the variation IS reflective of each system’s basic design (Table 1.1). BART, the Bay Area Rapid 

Transit system, is a modem, grade-separated, heavyad, high-speed regional rail transit system with fre- 

quem service. CalTrain is a state-operated commuter railroad serving San Francisco workers who live 

om die Sm Mateo Peninsula. Although not grade-separated, CalTrain does have its own right-of-way. 

Opened in 1986, the San Dregs Trolley serves downtown San Diego from the south and east. Except: IH 

the downtown areas, the trolley operates m its own right-of-way. Sacramento’s light-rml system, dso 

completed in 1986, is much like San Diego’s ~n configuration. It lmks several residential areas of the 
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Year System Length Number of Stations with Parking Faalities 
i !amM Staelons 

BART 1972w5 142 0 34 24 31,062 
Cattrain 1986 93 8 26 19 3,438 
Sass Diego Trolky 4 9 a m  989 41 0 22 16 
Sacramento Light Rare 1986 36 1 2% 9 3,387 
San Jose Light Rail 4988 39 0 33 13 6,298 

Source American Pubtic Transit Association and ipldi~idual operators 

city to downtown Sacramento on a combmation of c o r n o n  and separated rights-of-way. Opened m 

1988, Sada Jose's light-rail system is concentrated in the city's downtown area, and although extensions 

are planned, it does not yet extend to many residemid areas. All three bght-rd systems are of snnailar 

lengh. 

In terms of service quahy, BAWT offers the fastest trams and the most frequent service (Table 
1.2) CalTr& offers frequent, speedy service during commute hours, but not during off-peak periods. 

Two of the three hght-rd systems - Sacrmento zlnd Sm Daego - offer comparable levels of service: 

vehbcles OH both systems travel at an average speed of about 26 a l e s  per hour, at 15-kninute headways 

during co~pn~ute hours Non-peak headways for both systems are roughly 38 mnutes. San Jose's light- 
ra l  vehicles are slower than Sm Btego's or Sacramento's but service is more frequemt> especially during 

commute hours Because all three of the light-rail systems use downtown city streets, service quahty 
md headways may vary accorefing to auto congestion levels 

Table 1.2: kewes-of-sewice c risons bemeen 
t Rail, and San Jo 

Frequency of Service (mm) wl 
Pff-f-FPeak rn 

BART 4 am-12 am 3 20 32 1 $a 23 
Caltrain 4 56 am-0 pm 4-30 60-120 32 i $1 66 
San Diego Trolley 4 45 am-1 15 am 7 a 5-30 49 3 $1 28 
Sacramento Light Ra~l  4 30 am-2 30 am 15 30 19 9 $1 25 
San Jose Light Rail 5 25 am2 30 am 10 38 12 8 $1 00 

* For BART 8 Caltrain this was dcuulated as Annual Revenue from Fares! Annuei Unirnked Tnps, 

for light rail systems, these were the actual fares or the average of the minimum and maximurn fares 
Source American Public Transit Association and individual aperaton 
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ap 1.5: Santa Clara Light 



Three of the five systems - BART, CdTrain, md Sm Diego - use a chstance-dependent fare 

structure. Sacramento Light Rail and San Jose Light Rad have a Bat fare s t m a r e .  Per-trip average fares 

for BART and CdTrain were calculated by &vi&ng total 1991 revenue from fares by total whnked 

trips. Average fares for the three hght-rd systems were cdcdated as the average of the &mum and 
maximum fares. At $1.66 per trip, the average CdTrann trip is considerably more expensive tham the 

average BART, %an Jose, Sacramento, or San Diego light-rail trip. With an average fare of $1.00, Sara 

Jose Light Rail offers the least expensive service. Average pea trip fares ow BIUPT, the §an Diego 

Trolley, and Sacraments Light Ral are cornpaable. 
Patronage levels also vary sharply across the five systems ("able 1.3). BART, with 74.7 d i o n  

riders and 892 m b o n  passengers d e s  in 1991, sigdfacantly ~ ~ t p e d ~ ~ - m e d  CdTrak (5.4 d a o n  pas- 

sengers and 823 d i m  passenger d e s )  am$ the three light-rail systems. Among the light-rd systems, 

the Sm Diego Trolley carried sigruficantly more passengers (for greater distances on average) than either 

the Sacramento or Sam Jose transit sys~ems. Of the five systems, the Sara Jose light-rail system attracted 

the fewest passengers in 1991 (2.4 dlasn)  and recorded the fewest passenger miles oftravel (7.5 million). 

b%e 1.3: Ridership ark& Area, and omparisons 
ART8 Caltrain, the n Diego TmIBey, t Rail, and Sen Jose 

4991 Ridership Awg Trip Population of Market Capture 
Index** 

BART 74,761,736 891,228,943 11 9 %,I 02,767 35 6 
Caltrain 5,437,393 123,483,189 22 7 750,543 7 2  
Sars Diego Trolley 15,933,546 15 5,518,215 7 3  1,030,183 15 5 
Sacramento Light Rail 5,702,520 38,783,073 5 4  739?058 77 
San Jose Light Wail 2,432,298 7,526,763 3 1  739,891 3 3  

&& * Esttmak of 1998 population within 5 miles of terminal stattons and 3 miles of &me stations - Market capture index is mslculeted by dsvidsmg market area population into 1991 ridershep 
Sourc@ Amencan Public Transit Asssaatm and individual operators 

Transit ridership depends on maray things: service qu&ty md cost, competition from other 
rn~des, and the size of the overdl market area. To de te rme  the extent of each system's market area, 

we first assumed a maxim- market ra&m of three miles for each transit station, and five miles for the 

end-of-the line stations, Next, we ut&zed a geographic information system to super-mpose the various 

market xeas on census tracts to estimate their witkin-area popdatiorn totals. Of the five sysems, BART 
has the largest market area (2,102,767 persons as of 199O), followed by the Sm Diego Trolley (1,630,183 
persons). CdTrain, S~C~ZUI-L~II~Q Light Rail, and San Jose Light Rail each serve a market area of about 

3/4 of a mdhon persons. 



Dividing passenger ridership by market size provides a useful index of market capture. For 

BAFLT, the value of this index an 1991 was 35.6. Ths is analogous to saying that every person m BART'S 

market area made 35 6 BART trips in 1991. The next highest market capture index was for the San 

Diego Trolley 15.5 passenger trips per market area resident. For Sacramento Light Rail, the value of 

this index in 1991 was 7.7; for CalTrain, it was 7.2 This means that Sacramento Eight Rail captured a 

gear er share of its market area than &d CdTram. At 3.3 passenger trips per market area resident, San 

Jose had the lowest market capture index of the five systems. 

The ability of a particular transit station to capture its market area depends in part how easy 

it is [or patemial riders to get to that station. Market capture depends on the extent to which comple- 

mentary bus service is avdable, on the convenience of kiss-and-ride facihties, aaad on parking availabil- 

ity. It is an this last area - parking capacity - that there are sigmficant dafferences among the five systems. 

Systemwide, BART can accomuasodate more than 31,000 daily parkers at 27 stations (seven stations do 
not have parking facilities). Nineteen of 26 CalTrain stations have same parking facilities; however, 

their collective capacity - at 3,438 spaces - is much lower than that of BART. The three light-rad sys- 

tems offer p a r h g  at their outlying stations. Systemwide, the San Diego Trolley can accommodate 

4 3 3  3 dady parkers at 16 stations. Thrrteen San Jose Eight Rails stations offer 6,298 parking spaces. The 
Sacramento light-rail system is the most padung constramed of the five systems. parkmg IS available at 

only nine of the system's 28 stations. BART'S ability to park so many more cars at more of its lots than 

the other four system make it much more accessible to its sewice area 

1.4. Report Organization 

The rest of this report 11s organized into six chapters. Chapter Two surmrrmarizes the general 

theory lklung transit investments, Ian$ uses, and property values. It also reviews a wide vanety of 

empirical studies. Chapter Three examanes the extent to which BART, CalTrain, and light-rail service 

in Sari Diego, San Jose, arid Sacramento is capitallzed into single-family home prices. Chapter Four pre- 

sents an analysis of the capitalization of BART and San Diego Trolley service into nearby commercial 

property values. Chapter Five explores the determinants of land-use changes at nine BART stations 

between 1965 and 1990, and at four §an Diego Trolley stations between 1980 and 1994. Chapter SIX 
exteiids the methodology developed in the previous chapter to consider the impacts of BART service on 

metropolitan-scale land-use changes between 1985 and 1390. Chapter Seven summarizes all of the 
research findings and $Iscusses their implications. 



CHAPTER TWO: 
Theoretical Foundations and Literature Review 

by John D. kandis and William Huang 

Economsts and geographers have been writmg of the connections between transportation 

inve'itments, urban development forms, and property values for nearly 150 years. Indeed, the relation- 

ship between transportation costs and urban activity patterns defines contemporary urban economcs. 

Recent sumnrnaries of the transportation/land-use/land price literature can be found in Muller (19861, 

Gmhanao (19841, Handy, (1992) and Kelly (1994). 

2.1. The Economics of Land Uses, Land Prices, and Urban Form 
Urban economists view urban land prices and use patterns as the jomt outcome of comgetltion 

between households for residentid locations, and commerce and industry for busmess locations (Monso, 

1964; Muth, 1969; see Mills and Hamdton; 1989, for a concise presentation of the general theory). In 
choosing how far from the metropolitan Central Business District (CBD) to live, utility-maximizing 

households are assumed to era& off marginal decreases in housing costs (composed of both structure and 

l a d )  a g a s r  marginal increases in CBD-oriented transportation costs The chosen residentid location 

of any given household will thus depend on its relative preferences between housing and transportation. 

Profit-maximizing business are similarly assumed to choose those locations by balancmg their specific 

%and area requirements against the total costs of transporting mputs from supphers (sometunes including 

labor), and outputs to markets. 

Land markets serve as auction places between different households and business. Whichever 

household or busmess is wdmg to bid the most for a given location (according to their incomes, profits, 

hou!;ing-gr~~sportation preferences, or land area transportation preferences) 1s presumed to win, and the 

overall pattern of urban land uses emerges as a composite or envelope of wmmng bids. To the extent 

that businesses and industries are more sensitive to transportation costs than households, they are 

presumed to place a higher vdue on downtown locations than households. Similarly, to the extent that 

weahher households place a hgher value on land or space than lower-income households, they will wm 

the biddmg for lower-density suburban locations. Although extraordmardy srmplistnc, this model has a 

number of attractive features. It mcely explains why different uses tend to cluster at hfferent &stances 

from the CBD It also explains patterns of land pnces - which are simply bid prices for location. Per- 

haps most importantly, nt reasonably explains (or at least did explain, until recently) the basic pattern of 
land uses in American metropolitan areas. 
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T k n ~ p ~ ~ t d t z ~ n  Investments and Urban F o m  

The model also provides a consistent framework within which to evaluate the lmd-use and land 

price effects of transportation investments. Transportation imvesments whch result in reduced work- 

place comrrnueing costs wU fac&tate householdsa movmg outward from tradkional workplace centers 

Sububm amad exurban densities md lamad prices will rise, as central densities and land prices fdl (Ths 
change is usually referred to as a “flanemg” sf the bid-rent curve.) Retad and population-serving busi- 
nesses will follow their customers to the suburbs, as, in the long run, will regional and mternationd 

businesses, depending on their relative price elasticities of labor (Mills 1972. 127; 4hlcaly 1976). 

Corridor-oriented transportation investments, such as freeways or rail transit h e s ,  will generate 

two types of ef€ects. Locations w i t h  or near a p a ~ ~ ~ d a r  corridor will mcreasingly come to senre as 

substitutes for downtown locations, md densities amad land prkes withm the corridor wdl rise. At the 

same tme, accessibility. to the urban fringe via the corHidor wall be enhanced, causing the urban area to 

extend outward along the corridor. 

‘Transportation investments which reheve congestion will have two effects. By makng core 

areas relatively more accessible, they will contribute to mcreased densities and land prices in urban or 

suburban centers - at l e s t  in the short run. In the long run these same investments may make it easier 

to travel to less congested areas, Heading to decentrdizattron. Finally, to the extent that transportation 

investments mprove accessibility everywhere wtthtn a regton - thus making travel generally easier or 

less expensive - they will tend to result in reduced densities and a more h~mogeneous distribution of 

Urbm aCtiV1ue.S thrOUghQUt the metrQpOlltiUl area. 

Mode also matters, hvestments in fixed-route transit modes will tend to have a lesser effect on 

regional land-use patterns and prices, but (dependmg on eke level of service) a potemually greater effect 

on corridor land uses and prices. hvestments in freeways and surface streets, by contrast, will tend to 

result in a more &&see% pattern of land use and price changes. 

All else bemg equal, investments in private transportation modes (such as freeways) will tend to 

result in residential patterns that are more segregated along income lmes, since weaIthier households may 

be able to purchase adcbtional levels of semce. Investments in public transportation modes wall tend to 

be more neutral with respect to income and residemid segregation. 

Ironically, transportation mvestments which lower the cost of travel will tend over the very Bong 

mn to reduce transportation’s influence OW urban form md urban land prices. As meo-classical econom- 

ics suggests, m y  drop in the price of a good will trigger two effects: (i) an fncome effect, l e d n g  to 

greater consumption of the now-less expensive good; and @) a substitution effect, encouraging consum- 

ers to substicute away from sdar-but-more expensive g ~ o & .  For some households, the income effect 

may dominate, leachwg them to move ever further out. For other households the substitution effect may 

be more mportmt, enabling them to  choose their residentad locations accor&ng to other concerns, 
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including education quality and cost, local public service quahty and cost, and the availabihty of public 

and private amenities. 

B e  Cuptt~~&ktzurtsn Bynamtc 

The mechanism by whch transportation mvestments and changes m accessibdity are converted 

into land value changes is known as capttalzzattsn. pill else being equal, one would expect investments 

in fu-ed-route transportation systems (such as rad transit) to produce more intense, but less extensive, 

capir h a t i o n  effects than investments m flexible route transportation systems such as roads. This is 
because the supply of developable sites near fured-route systems is necessarily more limited than the 

supply of sites near flexible-route systems, particularly if access to the fused-route system is limited to a 

small number of stations. 

TRe capitalization effect both causes, and is a product of, higher densities and/or more mtense 

land uses. On the cause side, as land prices rise (that is, as transportation mvestments are capitalized into 

land prices), investors in land will want to receive the same margmal return on their mvestments. Either 

they wdl have to charge their tenants a higher rent (or subsequent buyers a higher price), or increase the 

amount of income from a given land area The former response is not always feasible; the latter response 

takes the form of higher densities. This dynamic works the other way as well. Higher density develop- 

ments produce higher rents and income streams for their owners. The higher income streams are then 

capii:&zed into higher resaje prices, and uhnately higher land prices. 

2.2. Transportation Technologies and Metropolitan Form 

Geographers have always been more interested in the ways that changing transportation tech- 

nologzes have transformed urban spaces, than on the impacts of particular transportation mvestments. 

Fol18Dwing Adam (19701, Mueller (1986) orgazes  the spatial evolution of first cities, and then later 

meti-opolitan areas into four distmct eras, each of whch IS domated  by a particular transportation 

technology: 

1. The wal%ung--horsecar era (1800-1898) 
2. The electric streetcar era (1890-1920) 
3. The recreational automobile era (1920-1945) 
4. The freeway era (1945 onward) 

The size of the American city m 1800 was determined by how far one could walk in an hour or 

less. Despite bemg relatively small in extentt, cities were hardly homogeneous. As Schaeffer and Scllar 

(1975) point outt, the pre-industrial walkable city included recognizable business and industrial districts, 

as well as the beginnings of income-based residential communities. Prior to 1830, commuting was a 

seasonal rather than daily activity. During the summer months, wealthy busmessmen would commute 

from their downtown jobs to their country homes on Fridays, and from their homes to their lobs the 



following Monday. The development of suburban r&oa& in the early 1836s turned the commute into 

a daily event, and by the 1 8 4 0 ~ ~  hundreds of affluent bmmessmen in New Yo&, Boston, and Philadelphia 

were comrnutmg on a daily basis. Gradually, the privilege of comut ing  was esended to the profes- 

sional classes. 

As industrialization accelerated during the 1840s and 1850~~ the physical amd S O C ~ ~  enwronment 

of American cities worsened notithceably. Unable to afford the cost and tune of comutmg,  and with 

the pedestrian city stretched to its h i t s ,  pressures mounted to improve transport technologies. The 

modest improvement in mobhey afforded by the introduction of the horse-drawn streetcar in 1852 

opened previously undeveloped suburban ]lands for new home constmction, and mddle-income urban- 

ites fl~cked to these hsr5ecar 5ubm-bs. 
The era of the horsecar suburb lasted less than forty years With the invention of the electric 

traction motor in the 1880s, horsecar suburbs were quickly transformed mto streetcar suburbs. The 

speed with whch this transformation took place was unprecedented. The first electric trolley lrne 
opened in hchmond, Virginia m 1888. A year later, electric trolleys were in use in 25 cities. By the 

early 1 8 9 0 ~ ~  electric streetcars were the domnnant mode of mtra-urban transit. On the West Coast, elec- 

tric streetcar systems were constructed in Los Angeles, San Francisco, OaMand-Berkeley, and San Diego. 

The outward expansion of streetcar systems caused the form of urban areas to change, from 

what Had been essentially circles (or some part thereof) into star-shaped entities whose psmts were resi- 

dential neighborhoods organized around individual Imes The growth of these new residential neighbor- 

hoods was in turn accompanied by an entirely new land-use form, the neighborhood commercial center 

- usually located at or near a streetcar stop. As the cost of mtra-urban travel declined, trip-making 

behavior became more and more frequent. For nsnresidentd activities, the growing ease of movement 

quickly triggered the emergence of specialized land-use dnstricts for comerce, industry , and transpor- 

tation. By 1920, a ubquntous network of electric trolleys, trains, interurbams, and finally subways had 

transformed American cities into metropolitan areas. 

The advent of the private automobile further extended urban eravel distances md thus the 

boundaries sf metropolitan areas. That the automobile would have such a profound effect OH the form 

and structure of urban areas was not nmechately apparent, ceaainly not when compxed with the 
almost instantaneous trmsformmg effect of streetcars some 30 years earher. While automobiles were 

qmcMy and widely adopted in rural areass in cities, cars were initially purchased for weekend outmgs 

and recreation (Mueller, ISS6). It was in the new suburbs that the &€fusion of the automobile was most 

apparent. Accor$mg to Flink (1975: 14), as early as 1922, more than 135,000 suburban homes in 60 

metropolitan areas were entirely auto-dependent. The mpid r s e  of the prlmte automobile as the sub- 

urban comuterss mode of choice had an immediate md devastatmg effect on streetcar patronage - SO 

much so that by the late 193Os, suburban builders no longer f ~ o ~ n d  it necessary to subsidize Streetcar 

companies to provide access to their sub$avis~ons. 
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The pattern for post-World War II freeways was established in the 1920s, with constmction of 

various landscaped parkways. These motorways extended deep mto the suburban and exurban areas 

surr-r(aran$mg cities, opemng up unprecedented amounts of acreage for immediate residential development. 

As Table 2 1 shows, suburban growth rates began to surpass those of the central cities as early as the 
192Ck By the 1 9 3 0 ~ ~  suburban growth rates were 150 percent those of central cities. Aided by zoning 

and suburbzm-oriented FHA fmancmg, this differential became even more pronounced ~fl the 1950s 

The advent of the private auto also accelerated the suburbhation of manufacturhg activities (which 

had been going on since the 1890s) as well as generated an entirely new land-use form - the suburban 

shopping center. 

Table 2.1 : lntrarnetrspolitan Growth Trends: 1910-1 960 

- Decade 
191 0-20 
1920-30 
1930-40 
1940-50 
1'95060 

Central City Suburban Share of SMSA 
Growth Rate 

27 7% 20 0% 28 4% 
24 3% 32 3% 40 7% 
5 6% 14 6% 59 0% 
14 7% 35 9% 59 3% 
I 0  7% 48 5% 76 2% 

As Mueller notes, the postwar Freeway Era was more a continuation and acceleration of prevb 

ous 1 rends than something entirely new. The private automobile was no longer regarded as a lmury; it 

had become a necessity for commutmg, shopping, and socializing. More and more, suburbanites were 

undr:rt&ng d of their non-work activities in suburbs Suburb-to-suburb travel began replacing suburb- 

ts-city travel as the dominant trip type. Transit, which had been contmuously losing market share on 

the former type of trip, was completely infeasible for the latter type With the advent of suburban '&belt- 

waysn m the 1950s and 1960~~ the private car's victory over transit was complete Planners no longer 

spoke of tramsitss ability to organize metropolitan activities and land uses; that role now belonged to the 

car. By 1978 the fundamental Y ~ Z I M O ~  d'etTe of urban transit had been changed its new purpose was to  

complement freeways by relieving congestion,' or to provide essential rnobhty to the carless. 

2.3. EmpiPiCd Stlodies Qf the Effects 0% THaIlSpQPtatiQn HIlVeStHfentS 

QII httelrn§ O f  hlld-uSe Change 

Given the richness of the theoretical and historical literature linking transportation investments 

and iarban form, the empirical literature is surprisingly thin. The few empirical studies that have been 

done. linking transportation investments and land-use changes can be divided into three broad categories. 

The first includes stuches of changes in the total amount of urbanized land at the metropolitan scale - 
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that IS, the extent ofthe metmpokttcan m-eas. A second category consists of studies of changes tn metro- 

pohtan kdnd-t-t~~?pdttm~~ A third category includes stuches of the impacts of highway and or trmsxt 

construction on adjacent- or nearby land parcels 

Empencd St2.4dm of Uir&anezed L a d  Chamge 

The number of studies in thrs first category has grown rapidly in recent years, fueled by con- 

cerns that pace of wburbmxion  - and the impact of suburbanization on agricultural and naturd 

resource areas - has been increasing. The m a n  purpose of many of these studies is descriptive: to 

document the conversion of open space md a g n d t u r d  land to urban uses. Drawing on a detailed lmd- 
use data from "fast growth counties" in the United States: Vesterby and Heimlich (1991) found that 
there had actually been very bttle change in m a g i d  ra~es of urban land consumption between 1960 

and the early 1980s.' Vesterby and H e i d c h  I d  not exphcitly consider the effects of transportation or 

accessibility in their atmalysis. 
A slllBalar study by Alig and Healy (1989) used regression anadysrs to exapflllpe variations m the 

change in urbanized 1md area among different U.S. meeropshn areas between 1978 and 1980. Personal 

income, change in urban area population, and a dummy variable for Southern states were found to be 
positive and significant precbctors of urbanized land area change; accessibilrey, transportation infrastmc- 

ture, and lmd-use controls were not included in the varrous specifications. 

E?X?ptnCd&l f%fOddS Qf~@tYQpQ&lZi&U- and cZq-.kdC? ,?-,mad- chdT2@ 
A second category of empirical studies considers the role of transpoaation facilities and/or acces- 

sibility as they affect patterns of land-use changes at the metropolitan scale or city scale. At the metro- 

politan scale, Bourne (1969) produced a twopart model of land-use change for metropolitan Toronto. 

The f i r s  par~  of Bourne's model consists of a regression model of land development and consumption 

by lmd-use type (residentid, office, parking, apartment, and single-fdy) for &fierent subareas of 
Toronto. Key variables in the first part of the model include measures of accessibility to the CBD, to 

various mass transit stations, and to metropolatan population and employment centers The second part 

of Bourne's model is a series of probabihty matrices describing historical land-use changes within sub- 

areas. Putting both p m s  together, Bourne found &at distance to the city center and/or adjacency to 

the Yonge Street Subway were significant predictors of the mount of new residential, apartment, and 
office development, as well as the construction of parrhng fachties. 

More recently, McMdlen used a multinomd Bogat model to an yze property-byproperty pat- 

terns of land conversion m McHenry County, &-~Bs ,  between 1979 and 1983. McMillen included three 

explicit transportatson facility measures in his mdysrs (share of quarter-seaion land m transportation9 

local street, and railroad uses, respectively) and four imphcit measures (&starace from downtown Chi- 
cago, distance to the closest city of 10,088 or more population, &stance to the closest city of 10,QOO or 
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less, and a &stance variable combining the city-size thresholds). Proxmmq to a radroad was found to be 
a strong deterrent to residential development. Parcels located ~fl quarter-sections with large shares of 

tramsporeation and street land uses were somewhat less likely to be developed into residential use. Par- 

cels nearer Chicago were more likely to be developed m residential use, as were parcels near other large 

towns or cities. McMdlen’s work IS less notable for its generaheability (it applies to a single county at 

the isrbm fringe, not a full rnetropohtan area) or its precision (the ways in whch adjacent land uses are 

meaured are admittedly rough) than for its use of a logit model to analyze hscrete land-use changes. 

At the city level, Lee (1979) analyzed land-use change in Urbandale, Iowa, a suburb of Des Moines. 

Instead of specific properttLes, Lee’s unit-of-analysis consisted of 20-acre grid-cells coded by dominant land 

use, and assembled from aerial photographs from 1950 through 1974. Lee ran three regression models: 

(1) a model explairung the urbanization of cells initially in agricultwd use; (2) a model explaining the 
rate of change in urbmzed land area, coded by intensity of urban use; and intensity of land use); and (3) 

a cross-sectional model explaning the distribution of land use at a given pomt in time. Several measures 

of accessibility were included as rndependent variables in each model. Travel tune (from the center of 

each grid cell) to downtown Des Moines was found to be the m ~ ~ t  significant accessibhy variable 

included in Lee’s first model of agricultural land conversion.4 In Lee’s second model, both travel time to 

downtown Bes Moines, and distance to the nearest interstate access road were found to be significant 

predictors of the rate of urbanization m some or all of the time periods studied. The presence of con- 

tiguous development was also found to be a significant determinant of the rate urbannation 

Also at the city level, Wilder (1985) used an analysis-of-variance procedure to study parcel-by- 

parcel land-use change in Ann Arbor between 1975 and 1382. She considered land-use shlfts between 

eight economic activities, and the relationshp of those shfts to: &stance from the CBB, lot size, floor 
area, and structure age. She concluded that (p. 342): 

Lznd-use smcesszon (italics added) among residential activities is most clearly affected by 
parcel location, floor area, structural age, and acreage characteristics. However, these 
factors have varying impacts on land-use changes among non-residential parcels. Land 
c o n ~ ~ ~ s t o n  is affected primarily by distance from the CBD and parcel acreage, although 
these factors are moderated by the requrements of the land development process. In 
general, &stance from the CBD is the most miportant vanable m both succession and 
conversion processes. 

n e  Effects of Transportatton hvestmmls an Nearby %and uses 

The third and final category of land conversion models d u d e s  studies of the effects of trans- 

portation investments on nearby land-use patterns. This category can be further subdivided into three 

groups: (1) studies of the effects of infrastructure m general on localized land-use change, (2) stucfies of 

the effects of highway investments on localized land-use change; and (3) stu&es of the effects of transit 

investments 08 localized land-use change. 
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Genwd Hnfuaastwctu~e Studies: A 1975 study 0% the Boston, Denver, Mmneapolis-St. Paul, and Washing- 
ton, D.C., metropohtan area by the Environmental Impact Center considered the effects of d types of 

public infrastructure mvestments on development patterns. It concluded: 

A basic conclwion of this study, supported by both the literature review md the statistical 
analysis, is that pubbe mfrmmctupe mvestments can have an impofiant impact on the 
location, type and magnitude of development, particularly €or single f d y  homes. b.1) 
The avadable evidence suggests that households and businesses prefer good access by high- 
way, dl other factors held constant In terms of actual location, s ing le- fdy  home con- 
stmction has a ~ ~ ~ U Q U S  connection to new highways, m u l t i - f ~ ~ y  residentid and c o m e r -  
cial development appear to be influenced by highways, and the relationship of industrial 
development to highways is unclear Cp 8) 

This conclusion was echoed a year later, in an influentid report by the Council on Environmen- 

tal Quality emtitled The Growth Shapers: 

The link between infrastructure investments and land-use changes has long been recognized 
in a general way, but liole has been done to control the design and location of new mfra- 
structure (Urban Systems Research and Engineermg, p. 5) 

Haghway Studzes: The empirical lateramre on the effects highway investments on nearby land uses is too 

broad and varied to present in a few paragraphs. b o n g  the more notable stu&es of the past 20 years: 

e Corsi (1974) used stepwise linear regression techniques to explan parcel level landwe changes 
within a I.§-mnie radius of interchanges on the Ohio Turnpike He considered five types of 
developed land uses (my urban use, residential development, highway-related commercial uses, 
other commercial uses, and industrial uses), and concluded that 

The development observed at these interchanges can best be explained by the proximty of 
these interchanges to large amad sm& urban centers, by the growth rates of the nearest large 
and small urban centers, by the existence of extensive public facilities in the interchange 
community, and by the mount  of traffic on the turnpike and on the roads that intersect 
the turnpikes (p 25Q). 

e In a 1980 sudy of the reg~ond beltways around Atlanta, Bdthore,  Colmbus, Esukd le ,  
Mimeapolis-St. Paul, Omaha, Raleigh, and San Antonio, the Payne-Rlaxie Consdtants and 
Blayney-Dyett found beltway development to be m important but by no means do&mt 
factor contributing to the decemrdization of urban activities. Depending on the metropolitan 
area, other faaors (such as the stringency of local 1md use a d  amexation controls, and the 
avdabihty of e d y  developable land) were also found to be of complementary hportance. 

T~ansit Stdies: Compared to highways, the Imd-use impacts of transat investments tend to be much 

more modest. THn a study of Philadelphia's Lmdenwold High Speed Line, Gannon and Dear (1972) 

noted that transit staxions sometimes - but only sometimes - sewed to help focus suburban apartment 

and office development. The aUEkaOr§ concluded that dthough the line may have been a factor ~fl the 

lscational decision of developers, other factors such as land availability, perceived demand, current 

zoning, and local political attitudes were more important. These same factors were cited by h n g h ~  am$ 

Trygg (1977) in their seminal literature review of the lamd-ue ampacts of transit investments. 
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Early m&es of the land-use impacts of the BART system - undertaken in 1978, when the sys- 

tem was less than five years old - concluded that the system had thus far had little impact on land uses 

at the regional or station area level @vett, Dornbusch, Fajans, Falcke, Gussman, and Merchant, 1979)). 

h adchon to these evaluative studies, a number of predictive studies of the land-use impacts of 
proposed transit investments have been undertaken using available land-use transportation models. Most 

notable IS a study by Berechman and Paaswell (1983) in anticipation of construction of the Buffalo light- 

rail transit system. Berechman and Paaswell used the Garin-Lowry land-use model to project how the 

system would affect retail activity, downtown accessibility, economic growth, and land development 

patterns. VW~SUS simulation runs suggested that the system would have comparatively lnttle ef€ect om 

land development patterns and retail activities across the Buffalo region, or at individual stations. What 

mnnmal effects the system would produce would be concentrated in downtown Buffalo. 

2.4. Transportation Investments amd Land and Property Values: 
The Empirial Record 

Perhaps because property value daza is more widely available than land-use data, far more empiri- 

cal studies have been undertaken of the relationshps between transportation investments and property 

values than between transportation mvestments and land use. By our count, more than two dozen 

empirical studies of highway and transit capitalization have been undertaken over the past 40 years. 

These stu&es can be orgazed  dong a number of dunensions (Table 2 2) 

I. By type offictlzty. Some stuhes consider highway or freeway capitahation, others focus 

2. By type ofeffect. Some studies consider only positive capitahzation effects - that is the 
on transit. 

benefits of improved accessibility. Other studes consider negative capitalaation - the 
disamenity costs associated with noise or congestion. 

between analyses of undeveloped land values (usually based om appraised or assessed 
values), and analyses of housmg prices (usually based on sale transactions, and Imted to 
single-family homes). Studies of commercial rent or value differentids attributable to 
transportation accessibility are far fewer in number.5 

4. By type of effect: Most empirical studies of the capitalization of transport facdrry benefits 
take one of two approaches. (1) longtuhnal stu&es comparing land vdue or pnce 
changes for sites near or adjacent to a newly constructed facilities,6 or, (2) "hedomc" 
studies comparing pnce variations across multiple properties as a function of distance or 
proximty to a particular transport facility, holdmg constant other property attributes ' 
Addationally, a few empirical stuhes have been based on case studies and/or survey data. 

3. Bygpogevty type: Empirical studies of transport capitahation are about evenly split 

Highway Cagitaizzation Studies 

Econo&ss have been conducting empirical studies of the property vdue effects of highways 

since the early 1950s. Most measure capitahzation in the same way: in terms of increased property 



Table 2.2: Summary Comparisons of Selected ~~~~~~y and Transit Capitalization Studies 

Effect Type 
Comparison (Accessibifity or Accessibility 

PmDerh, Tv* bktixd Disameniw MeasuR &&!& &!&a 
Hiahwav Studies 

Adkins (I  957) 

and Strrdv Area 

Dallas Land Sakes pnces Both Distance nngs Proximity to highway associated 
&Assessed wtth higher property values 

b n d  Saks pnces Both Atrlme distaflce NO kghway effect absewed 

values 

Bufington (1964) Unimproved Land Sales pnms Both D~stance nngs 163% premium assoaated 

Subdivided Land Sales pnces Both Drstance nngs 13% dtscount assoaated 
with highway proxmuty 

with h g h w y  proximity 

Land Assessed land Both Blstance Rings Positm$accesslbililp 
value Negahe d4samntity values 

Single-family homes Sales pnces Disamenity Dedbel levei J94 per decibel 
Single-family homes Sales pnces Dsameniiy Deabel kvei No effect 

Singlsfamlly homes Sates pees 50th Dl&WE@ rings $3,800 t0 $3.500 discount dQr 
homes within i QOO feet of hghway 

from accessrbility, 
up to 7 2% discount based on noise 

but no gwdlrent obsetved 

Single-family homes Sales prices Born Distance nngs Up to 15% appreaation premium 

8ngiedamiiy t m l e s  Sales prsceS Both, sepof.%iteIy Wstatnoe ring$ HsgIWisy had @sitwe Me@, 

ti-tdianapdts 

1 Northern Virginea 
2 Tidewater, VA 

Washing@m, B.6; 

Palmquist (1982) Washington (state) 

PhoerllX 

Translt Studies 

Davis (1970) BART/Sen Francisco Residential Sales prices 50th Airhe distance Concludes EART stations had 
a positive effect on home values 

Skngle-family homes Sales pnms Both Airline dislaflce Pflce p~’emium obseived 
fmrn m BBBfsewke condor, but 

WRT station no staban effed &sewed 

Single and muih- Sales prices Both, separately Airline distance Found negative pnm elashcities 
family houssng, retail from statton with respect to distance 

$tngle-famiiy hrn~ Saies pnces Accessibtltty Commute cost &wktwe impact d fine 

from Metro stations 

wmgs on propwty v a r w  

Airline distance Reduced property values 
from stabon around some station areas 

k~~dens l ty  h ~ ~ ~ h g  Lies p n m ~  A ~ s b t k y  W ~ g h k d  
@.%%mUOsfrmQ 

Lee (1973) 

Damm, et al 
(4880) 

MetraNVashington, D C 

Boys?, etd. 
(6972) 

Dombusch (1 975) 

Lmdenwold Lmnd 
Phdadelphra 

BARWSan Francism 

Blavney Associates BARTISan Franctm Residenttat, 
commercial 

Both Acriine distance Inweasd property values 
from stahon for propefies within f BOO feet 

of some stattons 
(4978) Bay Area 

Residentrat Resdsnt D t s a m f y  Distance sngs Reduced p r e f e m  bf b m  

Restdentiat Sales pnces Both Weighted $2,237 premium for the 

mmmute time savings 

far prckpe&es near Metro 

savings of commute mst savings, 

S U W W  near selected BARB stattons 

commub time average home, based on 

Residential Bistnct values Access4brfit). C?%t~im no@ L366 appeeeiatron premium 

Single-family homes Sales pnces Accessibilty Commute cost $443 home value premium per dollar 

$4581 average Rome value premium 

Plckef & P m t t  

Allen, et a1 (4986) 

(fS84) 
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voith (1991) 

Neksw~ (I 992) 

Gatrlaff & Smith 
(1993) 

FaciliW and Sfudv A r a  

Lig ht-Rarlhlancowr 

PATCO Commuter RaiU 

SEPTA Commuter Rail/ 

1 MettoANa81ungton. I3 C. 

2. MARTAIAtlalsb 

Philadelphia 

Philadelphia 

MARTA East LindAtlanta 

Light RaiSlPortland 

MetroraiiMami 

Single-family homes 

Single-family homes 

Land 

tarrd 

Single-famiby homes 

Single-family homes 

Single-family homes 

Cornpanson 
fklemd 

Sales prices 

Census tract 
median 
hO.7N? 
values 

A W e i e u  
vakres 

Agsessed 
vaiues 

Sales D n w  

Sales pnces 

S a k  pnces 

Effect Type 

pLsameniw . M e a s u r e w  
(Accessibtlfly or Accessibtl~ty 

Bsth, separately &rime dlstande cS4 90 weemum per toot asaoaated 
from sfabn wkh dtaaon pmximity in 1983 

Both Tract 10% home pnce premium 
adjacency to for median home #n sewed tracts 

rail station 3 8% home price premium 
for median home cn served tracts 

Atrlme dithnce H @ w  tiesessed values (Rsnge 
M m  mnslt 8- 04 tp $- 11 p r  square foe0 

Both 

Both stattons for sites near stafions 

Both, separately Airline disbnce Magnitude of premium or 
from station discount vanes with 

neighborhood income level 

Rstance fsngs $4,324 premium far homes 
wrthln SOQm waWg dlstance 

Bofh 
based gn 
walklnp of baht ml mban 

Both One-mile sec No effect 
tion for repeat 
sales. atrlme 
distance for 

hedonis 
modeis 

valut:s over time as a function of &stance to the highway right-of-way. Virtually all of the early high- 
way studres found large and significant land value increases associated with highway construction. 

Buffing~on's and Meuth's 1964 report on Temple, Texas, for example, tracked 19 years of land value 

changes and concluded that (p 11): "the probable hghway bypass influence in the Temple area was 

2,562 percent, or $2,331. This represents a tremendous increase rn land value in the study area as 

opposed to the control area." 

More recent studies - especially those that focus on home prices instead of land - have been 
more ambivafent. Lmgky (ISSl), for example, used 17 years of home sales data from North Spring- 

field, Virginia, to  evaluate the impacts of the Washgton Capital Beltway. He concluded that proper- 

ties adjacent to the Beltways sold at a discount and appreciated at a reduced rate when compared with 

more distant properties. Pdrnquist (19821, m an analysis of smgle-family home prices m Washkgton 

state, and Tornasik (1987), in a study of home prices m Phoenix, both report net positive property value 

effects associared with hghway construction, but also acknowledge that for the closest homes, accessi- 

bilir? premums may be offset by noise-related price reductions. 

Trmastt Caprtalzz~ttsn Studtes 

Most contemporary studies of transit capitalization utilize hedomc models of residential sales 

prices (as opposed to assessor or apprauser estimates of value) No smgk functional form dominates the 
litermu-e. Many seudres use simple h e a r  forms; others model multiplicative or exponential relationships. 
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Most transit capitalmation studies use distance from the nearest transit station (either as measured 

dong streets, or as-the-crow-flies, or in terms 04 &seance rings} as the critical independent variable for 

modeling the price effects of transit. Studies ofthe Toronto Subway and Philadelpha-Landenwold High 

Speed Line, however, obtamed good results using alternative independent variables. Dewees (1976)), 

concIraded that a weighted travel-tame-based measure was superior to &stmce-based measures for pre- 

&amg the rent gradient around Toronto's BBoor Street Subway. Bajnc's 1983 study of the Toronto 

Subway's Spa&a Line also rehed on travel time kstead of &stance. Three Landenwold studies pub- 

lished during the 1970s @yce et 4. [197f]; Allen et al. [1974], and Mardge et al. 119743 utilized relative 

travel cost savings to model the property d u e s  effects of the line. More recently, Allen, Chang, 
Marchetti, and Pokalsky (1986) a~empted to cdcdate the acmd commute cost savings associated with 

the Lindenwold h e .  

These various stuches have produced wildly hfferent estimates of the value of station proxarmty. 

TWO studies published in 1993 provide a good ihstration of this range. At one extreme, Gatzlaff and 
Smith used repeat sales in a hedonic price model to evaluate the change rn home prices attnbutable to 

the Miamr Metrord system. They concluded that residentid sdes prices were, at most, o d y  weakly 

dected by the announcement of the new rail system. At the other extreme, Al-Mosand, Dueker, and 

Strathmm (19%) estimated that s ing le- fdy  homes located withln a 588-meter walk of stations on 

Portland's light-rd system sold at a premum of $4,324 (or over 10 percent) when compared with other- 

wise similar homes beyond that distance. 

Other transit capitalization s t d e s  have grod~ced estmates somewhere between these two 

extremes In Vancouver, Ferguson (1988) estmated am accessibility price premmrn of $4.90 (Canadian) 

per foot of &stance from the closest light-rad station, but only for those homes withn one-half mile of 

the h e .  In Atlanta, Nelson (1992) found that transit accessibility mcreased home prices in lower- 

income census tracts, but decreased values in upper-hcome tracts. In Philadelphia, Voith (1991) found 

that home prices in census tract served by the PATCO commuter rail system were 10 percent higher 

than home prices in usewed tracts, 

BART is perhaps the smgle most studied transit system m the country BART began pmid 
East Bay service in 1972, with full Transbay service following an 1975. Two pre 

Dornbusch (1975) and Burkhardt (1976) noted reduced property values around some BART station 

areas - a finding they attnbuted to increased noise and auto congestion. In a survey of homeowners, 

Bddassare et d. (1979) found ;a reduced preference for homes near elevated BART station. By contrast, 

Blayney Associates (1978) concluded that BART had a small but significant positive effect on prices of 

single-family homes w i h n  1000 feet of some (but by no means all) stations. Owmg to the relative 

newness of the BART system 2t the tame these four studlies were conducted,  heir results should be 
regarded as preliminary. 



2.5. Summary 

There are few areas in which theory and empirical observation are more dwergent than in the 

analysis of how transportation investments affect land-use patterns and property values Economic 

theory (and to a lesser extent urban geography) suggest that hghway and transit investments should 

have a strong effect on nearby land uses and property values, and, dependmg on the form and scale of 

the investment, a moderate impact on regional land-use patterns. 

Modern empricd stules, by contrast, tend to be far more modest m their findings. A few high- 

way studies have indcated a high level of locallzed and regional impact; most suggest that the impacts of 

highway investments tend to be limited and localized. Still others find no effect at all. Turning to tran- 

sit, %I o contemporary study finds that recent transit investments have had significant development or 

price impacts at any level. 

We offer two explanations of these various discrepancies. First, mirroring Trygg and Knight, 
we suggest that localized institutiond and political factors - particularly local zoning - are far more 

important than commonly thought in lirmtmg the land development and property value impacts of 

transportation investments Second, we suggest that the land development and property value impacts 

associated with transportation mvestments follow their own “product-cycle” curve. Specifically, the spa- 

tial effects of transportation technologies are greatest when those technologies are new, and then declme 

over time. New transportation technologies radically alter accessibiliv, and in doing so, transform the 

economcs of urban areas. That IS, they generate areas that are ralcally underpriced. Once the higher 

value of such areas becomes apparent, land developers, businesses, and households respond swiftly. Pre- 

viously underpriced areas are quickly developed, and the land market quickly reaches a new equihbnum 

predicated on the new transportation technology. Hlistoncd evidence suggests that this adjustment 

process takes place qwcldy, over the course of a few years Once the higher equilibrium price has been 

estabhshed, the potential for additional development or price increases IS substantially reduced. 

This theory suggests that new transportation mveestments will have their greatest effects on 

meti opolitan land uses during the hit id years of the technological &ffusion. For rail transit, this period 

was the first two decades of the 20th century. For the automobile, the hffusion period was interrupted 

by the Depression and so, lasted considerably longer, from 1930 through the mid-1960s. Once the dif- 
fusion period is past, and the technology established, addinonal transportation investments (withm that 

same technology) will have only small impacts - so small that they may ultmately be marginallzed by 
conservative land-use policies designed to preserve the pre-investment status quo. 
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CI3APTEIQ THREE: 
Rail Transit Access and Single-Family Home Prices 

Urban economists have long noted the contribution of transportation investments to higher 

property values. This chapter explores the extent to which BART, CalTram, the San Diego Trolley, 

and light-rail systems in §an Jose and Sacranento currently contribute to hgher single-family home 

prices m their respective service areas. Section 3.1 presents the basic hedontc ~ d g ~ t a l t ~ ~ ~ t t ~ ~ ~  model, and 

exp1,ains the variables included in the model. Section 3.2 applies the model to homes in Alameda, 

Contra Costa, and San Mate0 counties served by BART and CalTran. Section 3.3 applies the model to 

homes in the City of San Diego served by the Sm Diego Trolley, and to homes m San Jose and 

Sacranento sewed by those cities’ light-rail systems. 

3.1 Model Development and Specification 

Hedontc Prtce Y’beory and Modeltng 

As noted in Chapter TWO, most recent transport capitalization studues are based in hedonic price 

theory. Hedonic price theory assumes that many goods are a combination of dafferent attributes, and 

then transaction prices can be statistically decomposed into the component (or “hedomc“) prices of each 

attribute (Rosen, 1974; Freeman, 1979) Housmg sales prices, for example, can be decomposed into sepa- 

rate attribute prices for shelter services, financial services, and location. Shelter services reflect the physi- 

cal s tze, qualixy, and design of the housmg unit, and are invariant with respect to the homeowner. Finan- 
cia :,ervices rnclude the tax shelter and appreciation benefits associated with homeownenhap, and vary 

accordmg to the characteristics of both house and owner. Locational services include neighborhood qual- 
ity as well as the combination of taxes and public goods associated with a particular homesne’s location. 

Accessibility is generally viewed as a locational service, and is commonly measured m terms of travel 

tme or travel &stance between the home and some combination of work or nsn-work opportunities. 

Hedonic prices are estrnnated statistically, usually using regression analysis Hedonrc price 

models have been used to test for the existence of relationships between housrng prices and a wide vari- 

ety of neighborhood attributes$ including. environmental quality (Thayer, Mbers, and R&matian; 

1992), distance from landfills (Smolen, Moore, and Conway; 1992); tax incidence (Chadry and Shah, 

19851); noise pollution (Langley, 1976); and proxunity to nsn-residential land uses (Grether and 

M~e:~zkowsk~, 1980). 

The hedomc price models estimated m this chapter all follow the same general form 
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1990 Single-Family Home Sales Pricefi) 
= RHome attributes 61, 

Neighborhood quality vanablesfi., 
Transportation accessibility variables fiJ 

where E incficates a specific home sale. 

Housivzg and Nezghborhood Q w h y  A ttrzhtes 

Home sales prices and attributes were extracted from the TRW-FEDI data service for six repre- 

sentative samples* of 4,180 singlefamily home transactions in Alameda, Contra Costa, Sacramento, San 

Diego, Sm Mateo, and Santa Clara counties for the second quarter of 699CL9 In addition to the home 

sales prices (SAEEPNCq, five measures sf home qu&ty were extracted: 

1. Spare footage of Isvzng area (SQm): SQFg measures the hving area size of each home, 
excludmg garage, porch, and deck space. All else being equal, one would expect this 
variable to be positively correlated with home prices. the larger the home, the more 
expensive it is likely to be Previous hedonic price models have usually revealed this 
variable to be the single best p rdc tor  of home prices. 

2. Lot alrea tn sqmrefiet (LOTSIZ@ All else being equal, we would expect households to  
prefer larger lots. 

3. Home age PGE). Depending on the city, this variable may be positive or negative. In 
neighborhoods where older homes are prized for their architectural or hstoricd value, 
one would expect this variable to be positively correlated with price: the older the 
home, the higher the price it 1s hkely to bring In more modern neighborhoods, where 
older homes are srndHer or less fumXiOnd @by modern standards), this vanable may have a 
negative sign. 

correlated with home price: all else being equal, the more bedrooms a home has, the 
larger and more expensave it is likely to be. Difficdues of interpretation arise, however, 
when BDRMS is included m hedonic price models together with SQFT. Since both vari- 
ables measure home size, they are highly correlated. In markets where homebuyers 
place a premium on having more and larger bedroom, B D M S  should be positive when 
coupled with SQFT In markets where buyers prefer other types of space (e.g,, kitchens 
or bathrooms), t h s  variable may have a negative sign. 

5. Nzmber ofbathrooms in the home ('.BATH$): Like bedroom, this variable is positively 
correlated with price. M else being equal, the more bathrooms a home has, the larger 
and more expensive it is likely to be. When BA THS is included together with SQFT9 
however, the r e d t s  may be different. Hn markets where homebuyers place a prerzrmum 
on having more and larger bathroom, BA 223s should be positive when coupled with 
SQFT. In markets where buyers prefer other types of space (e.g., htchens or bedrooms)s), 
or in whxh the typical home has a large number of bathro~ms, this variable may have a 
negative sign. 

4. NMmber of bedrooms tta the home (BDMS).' By itself, this variable should be positively 

Previous hedonic price studes have demonstrated that home prices are sharply reflective of 

neighborhood quality. The same house may sell at a tremendous premium if located in a high-mcome 

neighborhood with higher levels of pubhc servkes, or at a tremendous &scokmt id located in a blighted, 
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deteriorathg neighborhood. There are, of course, many ways to measure neighborhood quality. Past 

studes have utilized measures of income levels, public service frequency and qudity, school achieve- 

ment scores, indices of deterioration, and racial mix. This study identifies neighborhoods as census 

tracts, md draws on six census trace-based measures of neighborhood qu&ty from the 1990 Census.lS 

6 1998 cmsw tract medun household income (MEDINC98): This variable measures the 1990 
median household income of the census tract in which the home is located. All else 
being equal, one would expect this variable to be positively correlated with home prices: 
the higher the tract median income, the nicer the area, the more households should be 

willing to pay for housing. Ths is the demand side of the income variable. There 1s also, 
however, a ''supply" side. Because most homes are financed, and because ;a household's 
income determines its ability to obtain financing, home prices are necessarily hnked to 
household incomes. This is particularly true in census tracts or neighborhoods in which 
there is a large amount of housmg turnover." The fact that income enters hedomc price 
models on both the supply and demand sides means that it must be interpreted very 

7. Share of censgs tract howeholds tn 1990 that are homeomus (PceQWNER): This vanable, 
like income, above, can go both ways. On the demand side, one might expect that 
homebuying households would be willmg to pay a premum to live in communities of 
people s i d a r  to themselves: homeowners. Thus, one rmghe expect this variable to be 
positively correlated with home prices. An opposite effect would occur on the supply 
side. the lower the homeownership rate, the fewer the number of avarlable homes for 
purchase, the more dear such homes are lrkely to be. 

8-1 1. Share ofcenms tract popdution tn 1990 that was Afican-Amencan (?WXA CK); Anan 
(IPctA§IAN); Htspantc (PceHISP); and #ite (PctWEITE): We begm with the assumption 
that most households have a preference to live ~IL the midst of csmunities of s h l a r  
color (holding socio-economic Characteristics such as income and age constant). Black 
households would thus be expected to pay a premum to live in census tracts with a 
sipficant Black population; White households should be willing to pay a premum to 
hve in white-majority tracts, and so OR. The problem with testing this assumption is 
that we typically lack information on the race or ethnicley of particdar buyers. 

prefer to live m a white-majority tract. This has less to do with social preferences, per se, 
than with the recogmtion that homes in white-majority tracts have tended to appreciate at 
a faster rate than homes in non-white-majority tracts. Depending on the city, this variable 
may be positive or negative. Applying this theory, we would expea to find a positive 
correlation between housing prices and Pct WHITE, but a negative correlation between 
housing prices and Pc&LACK, PctASLQN, and PctH.SPq To the extent that we do not 
fund such correlations, or find them to be statistically insignificant, one might conclude 
that housing prices and neighborhood racial make-up are unrelated. 

carefully 

A second-best hypothesis IS that most househol&, regardless oftheir race, would 

Meawrtmg Transpomtron Accesstbiltty 

Proximty to any sort of transportation facility is a two-edged sword. On one side, homes located 

adjacent to or nearby a highway or rapid transit line usually have excellent accessibhty. On the other 

side, homes located right next to major transportation facihties must also suffer such clsamenity effects 
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as noise, vibration, and in the case of highways, locahzed concentrations of pollution. Homes located 

far away from transportation facilities can avoid such disamemties, but must sacrifice accessibility. 

AH else being equal, one would expea accessibility to  be positively capitalized into home values: 

homes located near transit stations and highway mterc-changes should sell at a premium when compared 

with similar homes located h a h e r  away. Smnilarly, one would expect the &asamenity effects of being 

located too near a transit line or freeway to be negatively capitalized into property values; homes 'located 

adjacent to such facilities should sell at a discount when compared with comparable homes located at a 

distance. The extent of capitalization will depend in part on the configuration and design of the trans- 

portation facility. Commuter rad lines, for example, may have fairly sizeable disamenity zones, as may 

some types of at-grade hghways By contrast, underground transit lines or above-grade freeways may 

&dliy mpact neighboring land uses. 

Four measures of transportaxnow accessibihty and proxr%lsrty. were included in the various 

hecbnic price models- 

12. Roadway dzstancejkm each home to the nearest rapd trmszt siztzon ("L4NDIST): 
TRANDtX measures the minimum &stance dong local roads from each home in the 
data set to the nearest rapid transit station. A negative value for TRANDIST (the 
expected result) means that homes located near transit stations would sell at a premium 
compared with homes located fmther away. 

HWYDISTrneasures the m i m u m  distance along local roads from each home in the 
data set to the nearest rapid transit station. A negative vdue for HWYDIST (the 
expected result) means that homes located near transk staxions wodd sell at a premium 
compared with homes located h a h e r  away. 

14. A~acmcy to the mearest rapad transrt ltne (TRAh!AD$ TRAA?ADJis a dummy variable 
coded to one if a house is within 300 meters of an above-ground transit h e ,  and zero 
sthenvise. A negative value for I1pAMDJ (the expected result) means that homes 
located w i t b  360 meters of surface transit lines would sell at a $ascount when com- 
pared with homes located krther away. 

15. Aa$acency t~ the neamtfieeway @WAD$: H W A D ]  IS a d u m y  variable coded to 
one if a house is wmthm 360 meters of an above-ground freeway, and zero otherwise. A 
neganve value for HIATAD] (the expected result) means that home located within 300 
meters of surface transit h e s  wodd sell at a discount when compared. with homes 
located further away. 

1.3. R o d w a y  dzstance horn each home to the nearest fieeway tnterchange @WYDIST,)* 

Measuring each of these four variables by hand using paper maps for mything more than a h a d -  
hnl of homes would be an impossibly arduous task. Instead, taWC/Info, a geographic information system 

(GIs), was used to locate each home, transit line and station, and highway and mterchange, and to 

measure the vaAous &stances. The GIS procedures used for this task are summarized in Appendix A. 
Table 3.1 reviews the variable data sources and summarizes the mean values of the model variables for 

each county 
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Table 3.2 : Mean Values of the Model Variables by County Sample 

YiWBbif2 

1990 Saleprice 
Home Square Footage ISQFT) 
Lotslzs 
Home Age (AGE) 
# of Eedrooms (BEDRMS) 
# Of BathrOQlfls (BATHS) 

Median Census Tract Household 

% of FPopulation-White (PctWHITE) 
% of FPopulation-Asm (PctASIAN) 
% of Flopulation-Black (PctBbACK) 
% d Population-White (PctHSSPN) 
% Worneowners (PctOMIMER) 

Home to Transit Station 

Horns to Frwy interchange 

Withrri 300m of Transit Line 

Withiri 3QOm of Freeway 

Income (MEDINCOMA) 

Network Distance (TRaNDlST) 

Network Distance (HWYDIST) 

( Durnrny variable TRANABJ) 

(Dummy variable HWYADJ) 

Caunfv 

1990$ TRW-Redi $233,600 $238,902 $157,176 $207,297 $334,195 $289,828 
sqft TRW-Redi 1447 1706 1513 1635 1437 1591 
sqft TRW-Redi 6,545 9,756 29,726 15,242 6,383 7,991 

years TRW-Redi 446 255 231 24 7 38 5 30 3 
# TRW-Redl 3 0  3 3  3 2  3 2  2 9  3 4  
# TRW-Redr 4 6  I 9  1 9  4 9  1 6  1 9  

1989$ 1990 Census $45,041 $50,051 036,687 $42,242 $49,270 $54,324 
96 1990 Census 66% 78% 76% 83% 72% 71% 
% 1990 Census 13% 10% 1 0% 6% 17% 17% 
% 1990 Census 15% 8% 9% 3% 6 % 3% 
% 1990Census 14% 11% 20% < 7% 16% z 8% 
0,'s 1990 Census 65% 73% 64% 67% 64% 69% 

meters ArdlNFB 6,392 11,682 6,844 28,927 5,290 8,508 

meters ArdlNFO 1,893 3,320 3,475 3,817 2,514 2657 

ArdlNFO 005 003 0 0% 0 01 0 14 0 01 

ArcllNFO 0 27 010 006 009 015 0 09 

Number of Observations 9132 4229 942 1129 236 1367 -- 

3.2. The Capitalization Effects of Heavy Rail. Systems: BART and CalTrain 

We divide our analysis of the housing price effects of transit accessib&ty/pro&ty into two 

sections. In this section, we consider the housmg price capitalization effects of two heavyrail systems, 

BART and CalTran. Both systems span multiple counties and pohtical jurisdictions. The next section 

examines the housing price capitalization effects of three light-rail systems: San Diego, Sacramento, and 

Sm Jose. 

part!;: (i) a common model specification applied separately to home sales 111 Alameda, Contra Costa, and 

San Mateo Counties, zmd (ii) unique, "best-fit" model specifications for each county. 

Our arnaly5is of the capatdimtion effects of BART and Cd'Train is itself organized into two 

CQ~~;WOTJ Model S'ectficatt~n 

We begin wkh the c o r n o n  specification (Table 3.2). The three regressions, one each for Ala- 

meda, Contra Costa, and San Mateo Counties, mclude exactly the same variables, regardless of their 

statistical sagnrficance. This allows us to determine the explanatory power of a single specification in 

three somewhzt lfferene housing markets. 



Table 3.2: Capitalization Effects of Heavy Rail Transit investments 
on Single Family Home P F ~ c ~ s :  

Common Specification for Alameda, Contra Costa, and San ateo Counties 

SQFT 996.62 27.48 
LOTSIZE 4.81 5.79 
BATHS 3,76888 123 
AGE 91.63 1 08 
BEDRMS -5,523.37 -2.26 

MEBINCOM 2.10 12.92 
PctWHITE -125,164 75 -1 62 
PctASlAN -115,594.43 -2.29 
PctBhBCK -294,791 49 -2.66 
PdHISPN -225,939.93 -4.14 
PdOWbNER -57,769.58 4.92 

HWYDIST 2.80 2.30 
TRAN Dl ST -2.29 -10.50 
HWADJ -10843 -003 
TRANADJ 5,24862 8811 

CONSTANT 182,3T6.%7 2.23 

tdf?!CZhbQi'hOOd 6 laaractemtics 

iocafrona! Charactenst ICS. 

W -squared 
Observations 

0 80 
I131 

Contra Costa County 
Coefficrenf .!5&d 

107.37 22.91 
2.51 12.71 

29783 00% 
208 002 

-4 3,335.03 4.60 

2.a 10.81 
-88,62947 -4 02 
-61,199 46 -8 70 

-138,114 63 -1 55 
-143,943.67 -2.78 
-85,097.96 4.73 

341 6.48 
-1.96 4.78 

632 86 0 41 
10,484 16 100 

138,127 I S  1 58 

6 76 
1228 

. .  

145.71 8.92 
4.17 3.26 

27,397.66 2.25 
-1619 -554 

-27,134.33 -2.84 

2.57 3.87 
$0802 023 
-256.26 -007 
-20794 -006 
-14749 -012 

-65,855.08 -2 69 

441  a 15 
-2 61 -1 17 

-6,21 7 90 -0 04 
-31,424 99 -1 62 

55,30808 0 16 

8 64 
232 - 

Note Coefficients IR bold print are significant at the 95% confidence level 

The cowanon model fits the data fairly well, explamg $0 percent of the variation m the sample 

of Alame& home prices, 76 percent of the variation in the smpfe of Contra Costa home prices, and 44 

percent of the variation m the sample of %an Mateo home prices. Given the sze and diversity of the 

samples, these are very good rnemres of goodness-of-fa. 

The vdue and stausticd sqgdicance sf the coefficients of the home attributes varies by county. 

Home square-footage (SQFT) is the most significant variable m dl three counties, followed by 1st square- 

footage &OTSIZE)e In Marneda County, every additional square foot of home s h e  (above the mean) 

added $110.62 to the price of a home sold in 1990. h Contra Costa Comty, every additional square 

foot of Iivmg area added $107.37. And in Sm Mateo County, the estimated hedomc price of an ad&- 
tiond square foot of livmg area was $145.71. The coefficient for the n m b e r  of bedrooms @DMS) was 

statistically significant and consistently negative in dl three counties. This result does not mean that 

homes with more bedrooms sell at a &scoum. It does mean that buyers prefer their additional square 
footage in a form other than as additional bedrooms. Homebuyers in A l a e d a  and Contra Costa 
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Courity were unwilling to pay a premium for additional bathrooms (above the average), m contrast to 

homebuyers in San Mateo County, who were willing to pay $27,398 adCltional dollars for an additional 

bathroom. The coefficient for the variable measuring home age (AGE) was not staustically significant 

in m y  of the three counties. 

The six variables describmg neighborhood income and raclal make-up also vary %n importance 

and significance by county. Of the SIX variables, only two are consistently sigmfmnt: 1990 median 

famly income (MEDINC)z and the owner-occupied share of the housing stock (PctOWNER). As with 

the case of square footage and bedrooms above, this does not mean that houses in neighborhoods with 

the case of square footage and bedrooms above, this does not mean that houses in neighborhoods with a 

preponderance of owner-occupied homes sell at a Clscount. Rather, it is because income, not housmg 

tenure, is regarded as the primary measure of neighborhood quahty. All else being equal, homes sell for 

more because they are in wealthy neighborhoods, not because they are in neighborhoods dommated by 

owner-occupied housing. 

The coefficients of the various race variables also require some explanation: although they vary 

in significance by county, all are consistently negative, even for white-dominant census tracts. As above, 

this IS the result of multicollinearity - m ths case between racial make-up and income. In Alarneda 

County, homes in Hispanic-domnant and African-American-dominant census tracts sell at a deep 

discount when compared with similar homes in whte-dsmnant neighborhoods Homes in Asian- 

dominant census tracts also sell at a $ascount compared to white-dominant neighborhoods. Race is 

considerably less important in Contra Costa County, where the only homes which sell at a &count are 

those in Hispanic-dominant census tracts. Emally, in San Mateo, neighborhood racial composition and 

home prices are statistically unrelated. 

We turn now to the four variables measuring transportation access and proxmty. The two 

p r o x k t y  variables measuring the potential disamenity effects of transit and highways, TMNADJ and 
HWYADJ (measuring whether or not. a particular home is within 300 meters of a transit h e  or free- 

way, respectively), are statistically insignificant for all three counties. This means that houses within 

368 meters of major transportation facility &d not sell at a chscount in 1990 when compared with corn- 

parable homes located elsewhere. Put another way, there is no systematic dsamenity effect associated 

with livrmng near either BART, CalTrain, or a major freeway. 

The two accessibility vanables, TMNDIST amd HWYDIST, by contrast are statistically srgni- 

ficmt, at least for homes m Almeda and Contra Costa counties that sold in 1990. Homes near BART 
stations sold at a premum in 1990, while homes near freeway interchanges sold at a discount For every 

meter closer ikap Almeda county home was to the nearest BART station (measured dong the street net- 

work), its 1390 sales price increased by $2.29, all else being equal. For Contra Costa homes that sold in 

1990, the sales price premum associated with the nearest BART station was $1.96 per meter. The 
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results for San Mateo County arad CalTrah we different: accessibihty to a CdT& station &d not 

boost the prices of San Mateo County homes sold inS 1998. 

The important contribution of BART accessibility to home prices in PJameda and Contra Costa 

counties is shown graphcally in Figure 3.1. H o l h g  all other home a d  neighborhood characteristics 

constant (and evaluated at their average values), home prkes in Alameda Coklney vary from $258,800 for 

homes mmechately adjacent to a BART stati~n, to $180,800 for homes bc2ted 35 Mameters (or about 

20 d e s )  from a BART station. In Contra Costa County, Homes $Lt.ectTy adjacent to BART stations sell 

at a premium of $68,608 compared with otherwise similar homes located 35 kilometers &stant. 

Single-Family Home Sek Price 

$260'ooo k 
$250,000 

$240,000 

$230,000 

$220,000 

$21R,QQ 

$200,000 

5290,oo ' I I I 1 I I I 
0 5000 1000 4600 20000 25000 30000 35000 45500 50000 

D k h t ~ ~ e  to Nearest BART Station (in meters) 

h the case of freeway accessibdity (measured as street &stance to the nearest interckamge), the 

opposite effect was observed: m dameda and Contra Costa Counties, homes near freeway interchanges 

sold for less than comparable homes elsewhere. For every meter it was closer to a freeway interchange, 

the 1998 sales price of an A a e d a  C O U I I ~ ~  home declined $2 80. The per-meter &come associated with 

highway accessibility was even greater ira Comtr2 Costa County: $3.41, fighway accessibiliry had no 

effect on the 1990 sales prices 0% Sm Mateo County homes. 
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Into gorattng bntwP-furisdtctismaal Dtffereptces 

A second set of regression models includes a unique “best“ model for each county (Tables 3.3, 

3.4, ;m$3.5). Here, in addition to the home, neighborhood, and transportation variables mcluded above, 

we also include dummy variables for each incorporated city. This allows us to capture the price effects 

of municipal variations m tax rates, and school and public-faciirty quality, as well as to account for the 

poss~b~fity that at least some of the accessibility premiums previously attributed to BART (reported m 

Table 3.2) mght be the result of mter-municipal service quality cffferentials. If homes near BART, for 

example, are located in cities which provide a higher quality of pubhe services at a lower tax cost then 

elsewhere, then the BART accessibility premiums estimated above would be significantly over-stated. 

To test for this possibdity, we included dummy variables m the vamous specifications denoting which 

municipality a particular home was located in. After first estimating each model with a full set of city 

dummy variables, we then elimmated all variables found to be statistically msignificmt The best modd 
for each county selects only those explanatory variables that are significant at the 95 percent confidence 

level As a result, only the significant locational variables are reported. 

Six aameda County municipal dummy variables were found to be statistically sigmficant 

AUMEDA, A L B A m ,  BERKELEY, OAKLAND, PpEdMOm, and UNION C I T .  The estimated coef- 

fieieiits are effectively the price premums associated with a particular home being located m a specific 

city. Homes m Piedmont, €or example, sold for 6100,502 more pn 1990 than comparable homes located 

elsewhere in Alameda County Insertmg the mumcipd dummy variables tn the model reduces the sta- 

tistic.aI significance of the highway accessibility vanabie (HW”’T), but it has aneghgible effect on the 

tramit station accessibility variable (TRAIVDIS?). All else being equal, homes m Mameda County sold 

at a $1.91 prem.bm in 1990 for every meter they were located closer to a BART station. Put another 

way, for every kilometer further distant a house was from a BART station in 1990, its price declined by 

about $2,000. 

The price effects of municipal smice and tax differential are more apparent m Contra Costa 

County, where almost $1 of the municipal dummy variables were found to be statistically significant 

(Table 3.4). Compared to comparable homes located in unincorporated Contra Costa Councy, homes 

located in Qrinda, Kensingon, Moraga, and Lafayette sold at p r e m u s  of $26,745, $40,041, $47,885, 
and $28,241, respeaively. Comparable homes in other municipalities sold at discounts, ranging from a 

mnimum &count of $38,739 in Walnut Creek, to a m m u m  dkscount of $132,985 m Antioch 

Including the municipal dumany variables raises the overall goodness-of-fit of the model from .76 (for 

the common specification shown in Table 3.4) to .83. 

Not surpr&q$y, the municipal dummy variables are correlated with the two transportation 

accessibility variables. Compared with the common speafmtion in Table 3 -2, inserting the munlcipd 

dummy variables in the model renders the highway accessibihty variable ( m l S T )  insignificant, 

while reducing the premum associated with being near BART - from $1 96 per meter to $1.04 per 
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Table 3:3: Capitalization Effects of 
on 1990 ABameda County Single-Family Home Prices 

Dependent Variab%e SALEPRICE (4 990) 

b!Qn?l3 ChaEXh3flS%lCS;, 
SQFT 
LBTSIZE 
AGE 

AEe,ghbofhood Cha ractensfdcs 
MEDBNCB 
PcaWHITE 
PdHISPN 
PdBUCK 
P c t Q M  E R 

TRANDIST 

Citv Dummv Variables 
5 E R KE LEY 
OAKLAND 
ALaMEDA 
PIEDMONT 
ALBANY 
L"BN 

CONSTANT 

R -squared 
Observations 

Alameda County 
Coeficsent 

1QO 73 
2 41 

-548 07 

164 
88,594 87 

-48,852 69 
47,710 62 
-53,241 79 

-1 91 

68,867 
50,379 
182,281 
100,562 
53,697 
24,208 

-1,022 00 

0 83 
6132 

34 28 
8-33 
-5 72 

9 57 
-1 62 
-2 4Q 
-2 66 
4 94 

-9 61 

17 36 
9 a1 
7 13 
6 48 
4 95 
2 62 

-0 06 

meter. The coefficients of the two transportation adjacency variables, HWYADJ and TRAMADJ 
remain staxistically insigmficant. 

Inserting the various municipal dummy variables also afiects the values and signlficance levels of 
the home and neighborhood csefficnents. Compared to the common specification shown in Table 3.2, 
the SQm, LOTSIZE, and BEDROOMS coefficients are reduced in magnitude, while the AGE variable 

becomes statiaicdly sngmficant. hsertmg the mumcipal dummy variables remders the MEDINCOM> 
PctHISPANIC, and PctOWNER variables statistically msipifacant at the same t m e  that the PctBEA CK 
and P c d S U N  variables become statistically significant. 

In San Mateo County, incliuding the various municrpd dummy variables increases the overdl 

goodness-of-fit from .64 to .72 (Table 3.5). Eight municipal dummy variables are statistically significant 

in San Mateo Counqc Woodside, Millbrae, San Carlos, Burlmagme, Menlo Park, Behont, W e d ~ o ~ d  
City9 and Sari Mateo. Compared to §an Mateo County as a whole, price premums vary from a hgh  of 
$4,564,422 for Woodside, to a ]low sf $51,732 in §an Mates. 
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Table 3.4: Capitalization Effects of BART 
on 1990 Contra Costa County Single-Family Home Prices 

Dependent Variable SALEPRICE ( I  990) 

Contra Costa County 
Csefiaeni t - stet 

Home Chcamc benstrcs 
SQFT 
LOTSIZE 
BEDRMS 
AGE 

PCMSIAN 
PctBlACK 

TWNDIST 
HWDIST 

Locattonal Characbe nstrcs, 

MOWGA 
KENSINGTON 
MFAYElTE 
ORENDA 
DAMVILLE 
SAN RAMON 
WALNUT 
BETHEL 
CbAyPBN 
PLEASANT 
BYRON 
GROCKEGb 
RICHMOND 
PINOLE 
MARTINE 
SAM PABLO 
CONCORD 
EL SOBRANTE 
PACflECQ 
RODEO 
OAKLEY 
PBWSBURG 
ANYIOCH 
BRENTWOOD 

CONSTANT 
R -Squared 
Observations 

93 2% 
2 33 

-8,218 73 
-932 34 

0 24 
-108,747 98 
-55,319 85 

-1 04 
1 32 

47,885 
40,041 
28,241 
26,745 

-23,162 
-34,307 
-38,739 
-63,186 
-68,037 
-69,4 46 
-70,973 
-80,106 
-80,439 
-82,726 
-91,522 
-92,544 
-98,229 

-1 00,593 
-104,628 
-105,543 
-124,073 
-127.176 

-136,089 
-I 32, I a5 

195.342 77 

25 96 
13 50 
-3 24 
-7 85 

1 67 
-2 40 
-3 60 

-3 44 
1 80 

3 a2 
2 36 
2 62 
1 98 
-2 17 
-3 09 
4 45 
-2 63 
-3 79 
-6 83 
-5 19 
-3 93 
-9 12 
-8 62 
-9 50 
-9 78 
-1 1.85 
-7 96 
-2 44 
4 58 
-11 54 
-14 08 
-13 63 
-11 18 

13 14 
0 83 
1229 

Compared to the common specification shown ~fl Table 3.2, including the municipd d u m y  
variables has no effect on the transit accessibility (I;RANDISa) or highway proxhuty variable (HWADJ), 
but laas a big e&ct on the hghway accessibility (HwyDISfl) and transit proximity (i%Al\lADJ) varia 
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Dependent VariabBe SALEPRICE (1990) 

LOTSIZE 
BEBRMS 
BATHS 

MEDINCOM 
PdBkACK 

I ocat,onal Chamcferas t!CS 
TWMADJ 
HWDIST 

CItV Dummy va/irsrab!@S 
WOODSIDE 
BURLINGAME 
MILLBRAE 
MENLB PARK 
BELMONT 
SAN CARLOS 
REDWOOD 
SAN MATE0 

CONSTANT 
R -Squared 
Observatrons 

128 19 8 17 
3 30 2 88 

-26,138 (30 -2 96 
37,432 QO 3 47 

0 92 3 14 
-975 30 -2 24 

-51,Ol-i 36 -2 71 
4 68 2 13 

4,564,422 
129,936 
1 14,719 
87,240 
66,464 
66,163 
53,594 
51,732 

6 29 
5 I 1  
3 63 
3 96 
2 98 
2 63 
3 64 
344 

59,004 OQ 2 40 
0 72 
233 

bles, both become statistically significant. Accordirng to the results shown in Table 3.5, for every meter a 

San Mateo County home was closer to a major freeway, its I998 sdes price declined by $4.68. Clearly, 

homebuyers m San Mateo County are w h g  to pay a premium not eo be near a freeway. They are also 

willing to pay money not to be located wa~hira 380 meters of the CalTran right-of-way. A1 else bemg 

equal - i nc luhg  neighborhood mcome, racial composition, and municipd senvice level - homes located 

w i t h  380 meters of the CalTrarn line sold at a discorant in 1996 06$5%,6111. The &samenityvdue asso- 

ciated with hving mear the CdTram line is probably a function of the noise levels generated by CalTram 
service, noise levels that are much higher than BART'S. Note dso that wMe BART is undergrounded 

in some c o m u ~ u e s  and contained by a freeway in others, CdTrain m s  at-grade for its entire length. 

These results pose two basic questions. The first is why there should be a price premium asso- 

ciated with accessibilrty to BART stations but not CdTraan statbelons. We beheve that the answer lies 

with BART'S superior level of trmsie service and greater parking capacity. Because of ns greater speed, 

more frequent service, and ability to accomodate a wider commuter shed through large mounts of 
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parking, BART generates true accessibility advantages for large areas of Nameda and Contra Costa 
Couimes. CdTram service, by contrast, is more limited, and is targeted toward a relatively srnd num- 

ber of commuters in San Mateo and Santa Clara Counties. 
A second question is why accessibility to BART stations should generate a housing price pre- 

mum, while accessibility to freeway interchanges does not. We believe the reason is that freeway access 

m the Bay Area is fairly ubiqutous- regardless of where one lives or works, a freeway mterchange is 

almost sure to be nearby Compared to BART access, which is a relatively scarce commodlty, freeway 

access IS a relatively plentiful one. Thus3 few households are willing to pay extra for it. 

3.3. Three Light-Rail Systems 

Table 3.6 presents the results of the CQELIIIO~ model specification presented in Table 3 2 as 

apphed to home sales around Califorma's three hghr-rail systems: Sacramento, San Diego, and San Jose. 

In ccintrast to BART accessibhty, accessibility to a light-rail station does not appear to significantly 

increase home values. 8% the three light-rad systems, only the San Diego Trolley shifted home prices in 
its favor. Sari Jose's transit system had the opposite effect, with average home prices actually declining 

with increasing proximity to transit stations. The third hght-rail system in our analysis, Sacramento 

transit, had no significant effect on home prices." These results are explored in greater de td  below. 

The tEn Dzego Trolley 
Of the three hght rail transit systems exmned m this study, the San Diego Trolley IS the most 

successful. It has the hghest ridership, and as recently as 1993, recovered almost 90 percent of its oper- 

ating cost from the farebox. 
Applied to a sample of 134 home sales in the City of §an Diego in 1990, the common model 

specification explans 83 percent of the variation in home prices. Of the five home characteristic varia- 
bles mcluded in the model, only two, SQFT and AGE, are statistically significant. By contrast, d SIX of 

the neighborhood characteristic variables are statistically significant. 

Of the four transportation accessibility and proximty varrables included in the model, only one, 

TUANDIST, is statistically significant and of the expected sign. For the typical smgle-family home in 

the City of San Diego in 1990, for every meter it was closer to a Trolley station, its 1990 home price 

mcreased by $2.72. Note that t h s  premum is actually liugher than the accessibhty premiums associated 

with BART stations. 

The premium associated with accessibility to a Trolley station applies only to  homes in the City 
of S:m Diego. If the home sales data set is expanded to include home sales outside the city, 'FMNDIST 
becomes statistically msigmfiisant. This suggests that whde the accessibility premium associated with the 
San Diego Trolley is quite high, it is kmited in extent to homes in the City of San Diego. This is quite 

different than the BART case above, where the extent of the accessibility premium is more far-reaching. 



Dependent Warisbk SALEPRICE (1 990) 

Sacramento city Ssn Diego city Sam Jose 
Coefficient Coefficient $ - stat Coefficient a-stat 

SQFT 96.07 17.86 58.15 6.33 109.42 24.83 
LOTSIZE 500 -056 -021 -1 0% 6.23 18.89 
BATHS 9,64900 149 9,00348 1 10 -2,608 57 -0 07 
AGE 1,34902 899 -2,065.99 4 4 %  2572 018 
BEDRMS -12,872.00 4 01 5,37864 100 1,58939 138 

Home Charade srsbcs, 

Neighborhood C AaElCfe rrSf!CS 
MEDBNC(a 2.69 8.12 2.52 5.69 023 -874 
PCWHITE -58,204 00 -0 49 -6,606.46 9.50 22,06405 041 
PctASlAN -7,360 00 -0 06 -8,035.42 3.57 51,09300 090 
PdBLACK -202,841 00 -0 85 -10,942.52 -3.37 -672,048.28 J.38 
PdHlSPN -21 7,132.43 -2.52 4,885.02 -3.05 44,194 I ?  -1 27 
PctQWER -1 05,475 60 -5.83 ir23.42 -2.53 -600.42 -3.75 

HWYDISB - 9  66 -1 01 -1 85 -0.44 441 '8.'85 
TaANDlSP -065 -0 73 9.72 -3.78 -2.61 4.$? 
HWYADJ -40,53?82 -1 35 6,56886 073 -6,217 90 -0 04 
TRANADJ 9,66875 123 -8,391 9? -042 -31*424 99 -1 62 

LoC8flOREt\ Charactenstics 

CONSTANT 182,376 87 2 23 138,427 16 158 55,30808 8 16 

R -squared 
Q bsewatfons 

(4 80 
1131 

0 76 
1228 

0 64 
232 - 

Note Coe%csents in bo&d print are sagnrficant at the 95% confidence Bevel 

Sczn Jose 

Perhaps because of its newness, the San Jose light-rd system has yet to have had much of an' 

impaa, hdership remains quite low, as do rates of farebox recovery. 

Nor, pdgmg from the results of the co rnon  model, has the Sm Jose system had a positive 

impact om nearby home prices. Quite the contrary Transit in S a n  Jose actually tuakes away value from 

homes that are located within easy reach of its stations. The deche  in average home prices m San Jose 

is about $1'97 per meter of &stance between a home and the nearest trmslt station. As Barge as this num- 

ber is, it is considerably less than the  dnscowat associated with proxmiry to the nearest freeway inter- 

chmge: for every meter the typical home was closer to a freeway interchange, its 1990 sales price declmed 
by $4 36. S m  Jose homes within 300 mews of a freewzy sold at an ad&tiond &scourit of $1 1,486. 

What accounts for these results? Part of the T~ZWXI §an Jose homebuyers prefer not to hve near 

transportation facdaies (whether transit or highways) IS that those facihties tend to be located m neigh- 
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borhoods dominated by commercial and industrial uses. The housing stock located rn such neighbor- 

hoocls is simply less valuable. Over time, transit service may add value to the older housing stock, but 

as yet such an effect is not apparent. Equally Important, unlike BART, CalTram, and to a lesser extent, 

the San Diego Trolley, San Jose's light-rail stations are designed for pedestrian and bus access, and include 

only rmnirnal amounts of parhng. Ths significantly reduces the system's abdity to attract patronage 

from San Jose's more affluent, outlying areas. 

Sau,,zmento 

Sacramento's light-rad system is similar in many respects to those in San Diega and San Jose. 

The system is of the same vintage, operates at roughly the same speeds, is not grade-separated, and pri- 

marily serves the downtown area. Unlike the San Jose system, Sacramento's light-rad system does pass 

through several established residential neighborhoods. Moreover, several of the system's outer stations 

are Lxated in freeway medians, and d u d e  extensive amounts of parlung, 

Despite these advantages, Sacramento's light-rail system has had no discernable positive OH nega- 

tlve effect on home prices within the city. This is also true for freeways. In fact, none of the four varia- 

bles measuring transportation accessibility or proximity 1s even margmally sigmficant. What drives 

housmg prices in Sacramento IS home size (larger homes sell at a significant premium), home age (older 

homes also sell at a premum), and neighborhood income levels. 

Ths findmg is not unexpected, Although nearly as long as the San Diego Trolley, Sacramento's 

light-rail system sewed 60 percent fewer passengers in 1991. As lscussed above, the Sacramento system 

is aho considerably less efficient than the San Diego Trolley in terms of both toEd speratmg cost m d  
ope1 atrng cost per passenger d e .  Finally, Sacramento's freeways are far less congested than those in 

Sm Diego. Thus, the Sacramento light-rad system plays a far smaller role rn providrng congesuon relief 

than does the San Diego Trolley. 

3.4. Caveats and Conclusions 

A Note on T'mpo~al Stabilq 
AII of the models estimated above are based on 1990 home sales. To what extent might these 

results lffer for other years? To explore the stabihty of the models over time we compared the results 

of the Alameda County and San Diego city models estimated using 1990 sales data with the results of a 

second set of model runs usrng 1987 sales data. The results of this latter set of runs is included as 

Ap19enda A. 
Although the coefficients emmates m the 1990 models were expectedy higher (since we had not 

adjusted for inff ation), overall there were no significant structural hfferences between the 1996 and 1989 
estimates - for either the AIameda County or San Diego city samples. This comparison leads us to 
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believe that our samples of 1990 single-fady home sales are sufficiently representative of home sales m 

other periods to warrant our generalizations regarding the values of transit md highway accessibility. 

summaly and concustsns 

Ths chapter compares the capit&zation effects of tram% and highway investments on sraagle- 

d d y  home prices across six Cdifomia counties and five rail-tramsit systems. It breaks new ground in a 

number of apeasas. It is the first capnalization study of rail transit to compare multiple systems, and in 

particular, to compare heavy- and light-rd systems. It is one of only a handful of capitahation studies 

to compare accessibility to rail transit with accessibility to the primary competing mode: freeways. It is 
the first transit capitdzattion study to drstinguish between the benefits of living near a razl tansrt stattsn 

- improved accessibility - with costs of 12tvzng tso near a trmmt rwte - noise and vibration. Finally, it 
is the first capitdizatiom study to exploit the analytic capabilities of geographc information system to 

develop alternative measures of accessibility md proxumty for use in hed~mc modeling 

Beyond issues of methodology and technique, this chapter presents dour significant findings 

regarding the mature and extent of transport capitabation- 

I. The caprtalization effects of rail transit cara be significant. bong 1990 Alameda County 
home sales, the price premurn associated with (street) drstmce to the nearest BART sta- 
tion was $2.29 per meter For 1990 home sales ~tz me=-door Contra Costa County, the 
price premium associated with distance to the nearest BART station was $1.96 per meter. 

2. Not aH regional transportation facilities generate capitalization benefm. Im none of the 
SIX counties stuched $Id accessibilq to a freeway interchange imcrease home prices. 
Quite the contrary. h Contra Costa and Sara Mateo counties, ;ts well as in the city of 
San Jose, prowmey to a freeway was associated with lower overall home prices. 

3. The extent to which transit service 1s capitallzed into mcreases in home prices depends 
on many things. First, and foremost, we believe, it depends on the quality of service. 
Regional system such as BART, which provide rehabhe, €reqerent, and speedy service, 
which serve a large market area, and which are able to capture that market by providng 
parking, are more likely to generate significant capitahzation effects. The Sam Diego 
Trolley dso fdls withim this category. By contrast, syaems which provide hmited ser- 
vice (such as CalTrain), serve a limited market (San Jose Lght Rail), lack parking for 
suburban commuters (Sacramento Light Rd), operate at slower speeds, or do not help 
reduce freeway congestion (Sacramemto and San Jose Light Rail), are unhkefy to gene- 
rate agnifncam capitdization benefits. The hporcamce of service quality is corroborated 
by previous st7ea$ies of the MARTA system m Atlanta (Nelson, 1992), and the 
Phdadelphia Lindenwold h e  (Pden et d., 1986) 

transit line (300 meters in this analysis) are not necessarily capitdized into home values. 
In only one of the five systems stucled in the analysis - CalTraim - was prorsa%ntty to 
the paght-of-way associated with reduced home sdes prices, Given that the CalTram 
trackbed is mnimdy separated from adjacent uses, anad that the CdTraim tram cars are 
not specifically designed for quiet operatism, this is not a surprising finding 

4. The negative externalities associated with being extremely close to an above-ground 
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CHAPTER FQUW: 
Rail Transit and Commercial Property Values 

by John Landis and William Huang 

Is transit service capitalized rnto commercial building and property values the same way it is 

capit &zed into residential values? Do commercial sites and buildungs near transit stations sell at hgher 

prices than their more &stant competitors> Contemporary urban economics suggests that they should: 

that commercial properties near transit stations have a competitive advantage over more &stant build- 

ings, and that the accessibility advantages associated with being near a mass transit station should be 

pernianently capitahzed mto hgher rents, higher occupancy rates, and ultimately hagher property values. 

Ths chapter explores the extent of BART and San Diego Trolley service capitalization into commercial 

property sales price in Alameda and Contra Costa Counties @ART) and San Diego County (Sara Diego 
Trolley). Section 4 I reviews the data and techniques used for this analysis. Section 4.2 pares average 

commercial sales prices by land-use category and raul station proximity. Section 4.3 Introduces other 

factors that explain comercad sales prices, and Section 4.4 sumanarixs the various fmdings. 

4.1. Data Issues 

Empirical studies of transport capitalization into commerctal propex-ty vdues are few and far 

between (Cewero and L a d s ;  1993; Cervero, 1993)). The same sort of comprehensive, multi-year data 

used for residential capitalization studies is rarely available for commercial properties. Reported com- 

mercid transactions are often incomplete or include only partial sales prices.13 Some land parcels are 

listed as multiple (subdivided) transactions, while others are listed singly. 

A second data issue concerns coverage. Commercial land uses typically he at the destination end 

of transit trips, and walhng is the usual transit egress mode. With few transit riders (Cervero, 1994) 
w i h g  to walk more than a quarter-mle to or from a station (for any purpose), the extent of any eransit 

accessibility gradient is likeIy to be small. Data coverage - that is, the number sftransacted properties 

dose to a BART or San Diego Trolley StaEion - must therefore be extremely high in order to identify 

- l e t  alone estimate - a capitahzation effect." 

Other problem are more theoretical in nature. When a home is solid, its value is determined ~1 

the marketplace: as a composite of the bid and reservation prices (of homing services) of all market par- 

ticipants. This is not always true for buyers and sellers of non-residential property; the value of a par- 

ticular commercial transaction often. reflects the characteristics or preferences of a single pair of buyers 

and sellers. 
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The commercial property data used in this analysis were culled from ~ W - ~ I s I ’ s  on-line red 

property files. The data set includes all Ml price commercial property transactions in Alarrmeda, Contra 
Costa, md Sm Dnego Counties between 1987 and 1993. The data set excludes partid-price sales, swaps, 

and m-reported mtra-firm transactions. Reported information includes: (i) Property name and address; 

(11) transaction date; (ih) major Imd case, (iv) properq sales price; (v) lot size; (vi) b u i l h g  squaE footage, 
(vk) number of stories, (v&) mme-of-sale assessed land values; and (ix) %me-of-sale assessed structure value. 

To facilitate temporal comparisons, all sales prices md assessments were converted to 1983 dollars using 

the consumer price index. 

Rather than measuring the a i rbe  or street &stance from each p r o p e q  to the nearest BART or 

San Diego Trolley station (as in Chapter Thee) we measured p r o ~ i ~ ~ ~ i t y  in t e rm of ‘6&stance-nngs.b 

First, through a GHS technique h o w n  as address-matchg,” each commercial property was located on a 

computerized street map Next, a GIs progr’ann was used to identify which specific properties fell within 

one-quarter mile, within one-half mile, and beyond one-half d e  of each BART and Sm Diego Trolley 

station.I6 

4.2. Alameda, Contra Costa, andl %an 
Analysis of Variance 

Table 4.1 summarizes average 1987-1993 Alameda, Contra Costa, and Sm Diego commercial 

iego Commercial PI-Q~CTV Price Trends: 

property sales prices accordng to distzmce to the nearest r d  transit station, and by land-use category. If 
p r s x h t y  to BART 0r the San Diego Trolley is valued by buyers md sellers of commercial properties, 

then one wodd expea properties nearer BART md Sm Diego Trolley stations to sell at higher prices 

The extent to whch t h s  happens differs by county md land-use type. Consnder the case of 

Alameda County office properties The average 1987-1993 sales price of 14 Alameda County office 

properties closest to BARIF stations (within a quarter-de) was $74.29 per square foot. The average 

sales price of 23 Alameda County ofiice properties located m the nex~ & S E ~ C ~  rimg (1/4-de to 1/2-mile 

from a BART stauon) was $42.27 per square foot. For A m e d a  County office properties more than a 

half-de from a BART station, the average sales price was $36.44. These &fferent vdues suggest that at 

least ~fb BaBameda County, BART station access 1s capitahzed into office property prices. 

To d e t e r m e  whether these dafferences are statistically significant, we undertook a statistical test 

known as analysis of variance. Analysis of variance (or ANOVA, as it more commonly known) is used 
to compare means across different groups. ANOVA compares variation between groups to variation 

within groups. The ratio of between-group vanation to within-group variation in Buzown as the F-ratio. 

If the F-ratio exceeds a given value (whch itself vanes according to the number of groups, and the num- 

ber of observations m each group), the differences between group means are sad t o  be statistically s~gni- 

ficant. Statistically significant differences are Ifb&Cated in Table 4.1 in bold-face type. 
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Table 4.4: Analysis of Variance Resufb: 4988-53 Commercial Property 
Sales Prices (in 1983 Dollars) by Land Use Type and Proximity 

to a BARUSan Diego Trolley Station 

Proximity to a BARTlSan Diego Trolley Station 

Avg Land Avg Land Avg band 
<Ij4 ~ d e  114-1/2 Mile $12 Mile 

Peice*pet #of 
&&&& and Land Use s o F T a ! e s  

AIame 
,411 Land Uses $5641 89 
~3ffiCe Uses $7429 14 
Retail Uses $6227 43 
Industrial Uses $52 11 6 
Auto-Onented Uses $14 43 1 
Parking $4380 8 
Vacant $3677 17 

m8 Costa Countv Commercial Prorrertv S ales 
1\11 Land Uses $24 68 17 
C3lk-e Uses $1771 6 
lietail Uses $3940 5 
Industrial Uses nla 0 
19uto-onented Uses $1525 1 
Parking $953 1 
Vacamt $11 83 4 

-5iewo Cou ntv Commercrel Pmmm S ales 
1411 Land Uses $51 29 74 
lama5 Uses $10836 10 
Retail Uses $67 12 27 
Industrial Uses $3267 'I6 
Auto-oriented Uses $13 32 3 
Parking $3207 6 
'Vacant $1205 42 

Price'Def #of PnC€!"€?er # O f  

SQEi 

$37 52 
$42 27 
$41 85 
$26 56 
$16 56 
$32 42 
$46 86 

$35 53 
$35 04 
$41 78 
$11 2% 
$25 24 

$20 39 
$78 07 

$24 97 
$34 14 
$26 67 
$20 74 
$21 49 
$31 68 
$23 25 

Salles 

144 
23 
57 
24 
9 
14 
16 

71 
25 
21 
4 
6 
6 
8 

83 
6 
33 
18 
2 
4 
19 

$2677 995 
$3029 154 
$3406 346 
$2074 295 
$1947 37 
$2202 58 
$2207 126 

$2069 725 
$2675 127 
$2216 150 
$11 61 109 
$1922 37 
$f818 35 
$21 19 254 

$16 33 2495 
$2887 443 
$2654 455 
$2027 217 
$1936 47 
$27345 56 
$3 96 4552 

F -ratlo 

2562 0000 
4311 0000 
11 30 0000 
535  0005 
004 0963 
238 0099 
107 0346 

037 0689 
097 0383 
616 0003 
000 0963 
020 0819 
274 0077 
000 0997 

O M  0430 
1738 0000 
21 18 OQOO 
087 8422 
056 0576 
089 0912 
1455 0000 

Ahme& County Commercial Pmperty Sales: Just like office properties, retail and mdusrial properties near 

BART stations soId at higher per-square-foot prices than &d more &s ta t  properties. The 43 retad prsp- 

ertne!; located w i t h  a quarter-mile of a BART station soid at an average price of $62.27 per square foot, 

as compared with $41.85 per square foot for retail properties 1/4- to 1/2-mile from a BART station, and 

$34.06 per square foot for r e t d  properties more &stant than 1 /2 -de .  The prices of industrial proper- 

ties, although agmficantly lower than retad or office prices, also declined with &stance from a BART 
station, Moreover, as Table 4.1 shows, these various differences are all statisticdy significant. The 

same camnot be sand for auto-oriented uses, parhng uses, or vacant sites. The per-square-foot price of 

auto oriemed uses, parking uses, and vacant sites near BART stations were not systematically higher 

than the prices of more &stant properties. 
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Contra Costa Couney Commwaal P ~ o p e ~ t y  Sales: C o m e r c i d  propemes close to BART stations in 

Contra Costa County &d not sell at a premium between 1988 and 19%. Among the three BART' sta- 

tion &stance rings (less than a quarter-mile, I/+ to 112- mile, and greater tham I/hn&), commercial 

property prices were slightly higher in the m d d e  h g ,  regardless of use This effect is probably due to 

the fact that most BART statkm h Contra Costa C O U X I ~  are either between, or adjacent to, freeways 

To the extent that properties very near B M T  stations are adjacent to freeways, the observed price 

discounts may m fact be assoaated with proximity to freeways, not B 

Sari Diego Commmczd Pmpmty Sales: With respect to proximty to transit&, commercial properey prices in 

Sara Diego County follow a s i d a r  pattern to those in PSameda County. Between I988 and 1993, the 

prices of office and retad properties (per square foot of lot are3 located near Trolley stations were con- 

sistently and significantly higher than the prices of more &stant properties. For example, between I988 

and 1993, there were 18 transactions of office properties located within a quarter d e  of a Trolley sops 

the average price per square foot of these transactions was $108.36 (1983 dollars). Durmg the same period, 

SIX office bddmgs  located more than a quarter-mile but less than a half-mile from a Trolley stop transac- 

ted at an average price of $34. I4 per square foot of lot area. Most offsce bud&ngs m §an Diego County 

are more than a half-de from a trolley stop. The average transaction price per square foot for 843 of 

these more distant builhngs was $28.87. The pattern for retail property transactions during this period 

- though still indicating a transit accessibility premium - was slightly $afferent. There was no n~ticea- 

ble difference between the sales prices of properties a quarter- to ;a half-mle from a Trolley stop, and 
those more &stant than a half-mle: both sold at a price of approximately $26 per square foot of lot 
area By contrast, r e t d  propemes adjacemt or very near a Trolley stop (within a quarter-de) sold at a 

muck higher price per square foot of lot area: $67.12. The same trmsae-accessibditp price gradents were 

not apparent for hdustrid uses, auto-oriented uses, or parking uses. 

4.3. Alameda, Contra Costa, and San iego Commercial Pro 'Hty Price Trends: 
egression Analysis 

Commercial property prices are determed by many more factors than proximity to rail tran- 

sit. Factors such as b d h g  size, age, floor plan, and parking are probably much more significant deter- 

mnants sf commercial property values than proximty to a transit station. Multiple regression allows 

m e  to hold constant the effects 0% these other factors, and thus detenmne the pmicdar contribueion of 

transit access to property values. For each of the SIX commercial land-use types identified above, we 

tested a multiple regression model of the followmg general form: 

1989-93 Commercial Property Sale Price (m 1983 dollars) 6) 
= $ Building square footage (&d, 

Lot area 61, 
Transaction year d u m y  variables fi)$ 
City/comercid market dummy variabables (i)> 
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Quarter-mile and half-mile transit distance rmg dummy variables 
where t mdicates a specific commercial transaction. 

Sales prices, lot apeas, bddrng areas, sale years, and city locations were extracted from TRW- 
REDI's on -he  data service as noted above. Information on building age, floor plan, and parking avails- 
b&ty was unfortunately LOO spotty to be included. Sale year and city locations were transformed mto a 

serie(i of zero-or-one dummy vanables. Two dummy vmables were generated to inlcate a builhg's 

proxmty to a BART or San Diego Trolley station, one for a quarter-de and one for a hdf-mile. Step- 

wise regression results are presented separately for commercial land uses m Alame& County (Table 4.21, 

Gom:ra Costa County (Table 4.31, and San Diego County (Table 4.41, In stepwise regression, variables 

which are not significant determants of the value of the dependent variable - in this case, property 

sales price - do not enter the model. 

Table 4.2: Stepwise Regression Results Comparing 2988-1 994 
ABameda County Commercial Site and Building Transaction Prices 

by Lot Area, Building Size, Year, City, and Proximity to BART 
Dependent Variable Natural bog of Property Sale Price in 1983 dollars 

All Office R e W  lRdU&6al 
Independent Variables Lend Uses Uses Uses uses 

Site & BuUding Variables 

- 
Coefficient Coe fficient Coefficienl 

Lot Area 3 15E-07 not entered 4 74E-06 5 82E-08 
ElLsiBding Square 

Footage 2 47E-07 3 64E-05 3 81 E-05 not entered 

1988 0 138 0 315 not entered no& entered 
1989 not entered not entered not entered not entered 
1990 Q22 not entered not entered not entered 
199% not entered not entered 0 27 not entered 
1992 not entered not entered not entered not entered 
1993 not entered not entered not entered not entered 

t5merywlle not entered not entered 0 66 not entered 
Frernont 0 35 not entered 0 69 not entered 
I.iwermore not entered not entered not entered not entered 
Oakland -0 42 -0 32 -0 49 -0 22 
i>leasanton 0 85 not entered not entered not entered 
lJnion City not entered not entered not entered 0 83 

within IN mile of 

Ihnthin 1/2 mile of 

2liwsaciron Year Durnmv Vanabks 

=Market Dumrnw Variables 

j&&ProXlrnitv Dummw Variablw 

BART station not entered not entered not entered not entered 

BART station not entered not entered not entered not entered 
Constant 12 40 ?2 17 22 13 12 46 

Adju'sted R -square 0 10 0 43 0 37 0 37 
Obstmmtions I430 233 468 394 

Auto- 
Uses 

Coeff icrent 

7 88E-06 

6 56E-05 

not entered 
not entered 
not entered 
not entered 

not entered 
-0 71 

not entered 
0 58 

not entered 
not entered 

-1 33 
not entered 

not entered 

not entered 

12 14 

0 58 
48 

Parking 
Uses 

Coefficient 

2 50E-05 

not entered 

net entered 
not entered 
not entered 
not entered 
not entered 
not entered 

not entered 
nof entered 
not entered 
not entered 
not entered 
not entered 

not entered 

not entered 

11 661 

0 16 
89 

Vacant 
brad 

Coefficient 

not entered 

not entered 

not entered 
not entered 
not entered 
not entered 
not entered 
not entered 

not entered 
f 08 
4 2Q 

not entered 
Z 63 

not entered 

not entered 

0 40 

11 72 

0 20 
185 

47 



by Lot Area, Building Site, Year, City, and Proximity to BART 
Dependemf Manable Natural Log of Property Sale Price in 1983 dokm (coefficients significanf at the 05 level are bolded) 

All office Retail BndustriaB Auto- Parking Vaascamt 
Independent Variables Land Uses uses User Uses Uses Uses band 

Coefficient Goeficeent Coe ffiaent Co efficiea 

Building Square does no€ 
Footage enter 

Trarpsactjon Year Dummv Variabks 
1988 does not 

enter 
1989 does not 

enter 
1990 0 23 

1991 

i 992 

1993 

dues not 
enter 

does not 
enter 
-0 33 

CiWhWarkest Dummv VarfabEts 
Brentwcod does not 

enter 
Concord 0 54 

DanvilBe 0 45 

Lafayette 

Fietsburg 

Richmond 

does not 
enter 

does not 
enter 
-0 33 

San Pablo does not 
enter 

Sari Ramon 0 74 

Wal~ut Creek 0 53 

part Pmximifv Dwmmv VaariatpIeq 
within 1/4 mile of 
BART station enter 
within 1/2 mile of 
BART station enter 

Constant 12 28 

dues not 

does not 

Adjusted W -square 0 l a  
Bbsewations 836 

f i9E-05 

1 27E-05 

does not 
enter 

does not 
enter 

does not 
enter 

does not 
enter 

does not 
enter 
-0 47 

dOeB Rot 
enter 
Q 34 

does not 
enter 
0 83 

-0 70 

does flog 
enter 

does not 
enter 
0 73 

0 63 

does not 
enter 

does not 
enter 

f l 8 7  

0 43 
I70 

i32E-05 

does not 
enter 

does not 
enter 

does not 
enter 

does not 
enter 

does not 
enter 

does net 
enter 
-0 65 

does not 
enter 

does not 
enter 

does not 
enter 

does not 
enter 

does not 
enter 
-0 54 

-0 45 

does not 
enter 
0 72 

does not 
enter 

does not 
enter 

42 16 

6 39 
179 

1 39E-06 

8 96E-06 

does not 
enter 

does not 
enter 
0 65 

does not 
enter 

does not 
enter 

does not 
enter 

-0 55 

Q43 

does not 
entees 

does not 
enter 

does not 
enter 
-0 50 

does not 
enter 

does not 
enter 
I 26 

does not 
enter 

does not 
enter 

12 32 

0 54 
115 

1 53E-0% 

does not 
enter 

104 

does not 
enter 
0 62 

does not 
enter 
-0 73 

does net 
enter 

does not 
enter 

does not 
enter 

enter 
does not 

enter 
does not 

enter 
does not 

enter 

enter 
does not 

eflter 
does not 

enter 

does not 
enter 

does not 
enter 

91 87 

0 54 
44 

does not 

does Rot 

does not 
enter 

6 35E-05 

does not 
enter 

does not 
enter 

does not 
enter 
1 06 

does not 
enter 

does not 
enter 

does not 
enter 

does not 
enter 

does not 
enter 

does not 
enter 

does not 
enter 

enter 
does not 

enter 
does not 

enter 
-1 16 

does not 

does not 
enter 

does not 
enter 

f l 8 3  

1934 
42 

2 13E-07 

does not 
enter 

does not 
enter 

does not 
enter 

does not 
enter 

does not 
enter 

does not 
enter 

does not 
enter 

does not 
enter 

does not 
enter 
0 63 

does not 
enter 

does not 
enter 

enter 
does not 

enter 
does not 

enter 
does not 

enter 

does no% 
enter 

does not 
enter 

12 91 

0 14 
272 

does RUt 



Table 4.4: Stegwise Regression Results Comparing 1988-2 994 
$an Diego County Commercial Site and Building Transaction Prices 

by Lot Area, Building Size, Year, City, and Proximity to San Diego Trolley 
~~ ~~~ 

Dependent VarBabBe- Natural hog of Property Sale Price in 1983 dollars 
A" Office Uetall Industrial Auto- Parking Vacant 

lndepiandent Vanables Land Uses Uses Uses Uses Uses user; Land 

m 
- 

Coefficient Co efficient Coe fficient C oeffiaent Coe fficient 

Lot Area 2 WE-08 
Building Square 3 3BE-05 

TPerrPsectron Yea r Bummv Va riabks 
1388 0 32 
i 989 0 24 
d 990 0 23 
1991 0 17 
1992 not entered 
1993 not entered 

m % r k e t  Qwmmv Variables 
Alpine -Q 32 
Boulevard -0 65 
Carisbad 0 90 
Chula Vista 0 52 
El Cajon not entered 
Escondido not entered 
Fallbrook -8 31 
Japnul -0 53 
Julian -0 31 
Oceanside 0 56 
Ramona -0 30 
San Diego 0 39 
San Marcos Q 50 
Sen Ystdro 0 39 
Valley Center not entered 
vtsta 0 41 

3 21 E-06 
1 91E-05 

not entered 
not entered 
not entered 
not entered 

not entered 

not entered 
not entered 
not entered 
not entered 

-0 73 
net entered 
not entered 
not entered 
not entered 
-0 a2 

not entered 
not entered 
not entered 
not entered 
not entered 
not entered 

-0 42 

S d k a o  TrsNev Proxmvlfv Dummv Variables 
within 114 mile of not entered not entered 
Trolley station 
~19fhin 112 mile of not entered not entered 
Trolley station 

Constant 11 66 12 24 

Adjusted R -square 034 0 36 
Bbsevations 2968 21 6 

4 40E-06 
2 00E-05 

0 30 
0 24 
0 30 

not entered 
not entered 
not entered 

not entered 
-2 74 

not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
-0 79 

not entered 
0 49 

not entered 
not entered 
not entered 

not entered 

-0 22 

12 09 

0 39 
a 4  

2 70E-06 
2 32E-05 

0 51 
0 33 
0 30 

not entered 
not entered 

-0 35 

not entered 
not entered 
not entered 
not entered 
not entered 

-0 44 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 

-0 34 
not entered 
not entered 
not entered 

not entered 

-0 46 

92 41 

0 59 
31 3 

1 80E-05 
not entered 

0 50 
not entered 
not entered 
not entered 
not entered 
not entered 

not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 

not entered 

not entered 

12 11 

0 52 
60 

5 29E-86 
9 78E-85 

mot entered 
not entered 
not entered 
not entered 
not entered 
not entered 

not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 
not entered 

not entered 

not entered 

I d  82 

0 27 
67 

2 95E-08 
not entered 

not entered 
not entered 
net entered 
not entered 
not entered 
-0 18 

not entered 
-0 40 
1 134 

not entered 
not entered 
not entered 
not entered 

-0 25 
not entered 

1 43 
not entered 

0 39 
0 68 
0 56 
0 23 
Q 68 

not entered 

not entered 

I f  55 

0 I 4  
1662 

Alamteda County Commerctal Propmy Sales: None of the various regression models presented m Table 

4 2 explatn Alameda County commercial property prices particularly well. The model of auto-oriented 

land uses performs best, explaming 58 percent of the variation in property sales prices The worst- 
perfiarrmng model is the parking uses model, m which only 16 percent of the variation m sales prices is 

explained by the various independent variables. Lot area and building square footage are of the expected 

sign md generally staustisdy significant. After accountlng for city location, the only property type for 
which proximity to BART is statistically significant is vacupt~ land. Controlling for building size, lot 
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area, transaction year, and city, proximity to BAWT was not a significant de tebnant  of sales prices for 

Almeda County office buildings, reed buddmgs, mdustrid bd&ngs, auto-oriented uses, or parking lots. 

Contra C55& County CommercdPropeq Sales: The regression results presented ki Table 4.3 confirm the 

ANOVA results presented above: controllmg for different building s ~ e s ,  lot sizes, and locations, 

comerc id  properties close to BART stations in Contra Costa County $id not sell at a premum 

between 1988 md 1994. The various regression models explain 1988-94 commercial sales prices in 
Contra Costa County about as well as they explain commercial sdes prices in Mmeda County. In 
Contra Costa County, as in Mameda County, lot area, building size, and city are the key determinants 

of commercial sales prices, not BART access. 

&an Diego County Commerckak Propet-ty Sales: Lot area and building square footage were even more 

important deeermmu of office, retad, and industrid property sdes prices m San Diego County than 
in ABameda or Contra Costa counties. After accountmg for those two facttors, as well as market area 

and transaction year, proximity to a San Diego Trolley stop &d not enter the various stepwise models 

on a consistent basis. Moreover, in the two cases where transit proximity did enter the models - for 
retail and d u s t r i d  uses w i t h  a quarter- to  a h d f - d e  of a Trolley stop - the coefficient estimate was 

unexpectedly negative. This suggests that constant quality industrial and retail properties near Trolley 

stops sell at a dlscount when compxed with sirxnillx, more distant propenes Given the poor overall 

“fie” of these models (ranging from .I4 for vacant Bandto -59 for industrial uses), this latter finding should 
be viewed with caut~on. 

4.4. Sarmmav and Caveats 

SUTT2VkZY 

Are commercial property prices higher near BART and Sm Dieg~ Trolley stations than at more 
&stant locations? The answer to this question is, tt &md5 - on the specific land use, on the area and 
property market, md on the way in which property prices are measured. In Mame& County, for 

example, office, retail, and industrial properties located near B 
measured on the basis of price-per-square-foot of Hot area. Measured the same way, office and r e t d  uses 

in Sam Diego County located near Trolley stops also sold at a premium. In Contra Costa County, by 

contrast, commercial properties located near BART station dzd not sell at a premum. Indeed, depending 

on the property type> some sold at a discount. 

stations soh! at a premzum - when 

Measured in a different way - using regression analysis to account for differences in lot size, 

bml&mg ssze, and market area - the transit premiums &sappear. Measured in “constant-quality terms,” 

Alameda and San Diego County office, reed, armd industrial properties near BART and Trolley smons  

d d  not sell at a premturn compared to more & s a t ,  but otherwise s h d a r  buildings. The aarmbqpq in 

these results IS due to the facx that cornersid properties near BART and Sm Diego Trolley stations 
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tend to be bigger, newer, and better than properties not near transit stations. Statistically, the problem 

becomes one of correctly apportiomng price dfferentials into a *quality” component and a “transit aeces- 

sibilty” component In face, the two components are most likely related. In response e s  perceived 

market preferences and/or to pubhc regulation, commercial developers have in fact built lugher-qudity 

office, retad, and industnal properties near transit stations than elsewhere. 

Cav’PaZts 

We offer two caveats to these fmdings. The first 1s that because so much d o m a t i o n  regarding 

progeny characteristics is unknown or unavdable, the ANOQA and regression models are necessarily 

incomplete. Were additional information on property characteristics to become available, it might be 

possi ble to more definitively estlfnaee the commercial property sale value of accessibdity to BART and 

the Sara Diego Trolley. A second caveat concerns data coverage Even though we collected sales data 

covering a seven-year period, the number of sales observations is quite small - particularly for auto- 

oriented uses and parlung lots. Given more property sales, and, m particular, given more property sales 

near BART and San Diego Trolley stations, it is conceivable that the various models mght produce 

Ifferent results. 
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r n R  FIVE 
Rail Transit Investments and Station Area Land-Use Changes: 1965-1 990 

by John Landis and Ming Zhang, with Bruce Hukuji and Sourev Sen 

If investments in rad transit facilities d~ impact land uses, those impacts are likely to be most 

visible at or near transit stations. This chapter examines the detemnants of land-use changes at nme 

BART stations and four San Diego Trolley Stations. Using maps and statistical techniques, we seek to 

determne whether sites near BART and San Diego Trolley stations developed earher, or in dfferent 

uses 1:han more &stant sites. The nine BART and four San Diego Trolley stations upon which this 

analysis is based include: 

Concord Arnaya 
Daly City El Cajon 
El Cerrito del Norte Palm 
Fremont Spring 
Hayward 
Pleasant Hill 
Rockridge 
Unlon City 
Walnut Creek 

Three criteria were used to select these 13 stations The first- was data avazlabtlzty, specifically, it 

was essential that hstorical information on station area land uses be available The second was change. 
we had to be able to obsewe some level of land-use change at or near the stations d m g  the study 

period. A third criterion was that the selected stations be broadly representative of all BART and San 

Diego Trolley station types. 

This analysis spans several ddferent time periods. Land-use changes at BART stations are exam- 

ined over two periods, 1965-1975, the years during which the system was under construction; and 1975- 
90, the first 15 years of (full) system operation Our analysis of land-use change around San Diego Trol- 

ley stations spans the yeas 1980-1994 for stations along the North-South lme, and 1985-1994 for stations 

along the East-West hne. Seaon  5 1 describes land-use patterns near each station at the beginning aad 

end (of their respective study periods. Section 5.2 builds on the descnptive analysis to specify a series of 

stati:rixal models of lmd-me change. Known as logzt models, these models examune the relationships 

between proximity to a BART or San Diego Trolley station, and land-use change Sections 5.3 and 5.4 

present the results of the various models, and Section 5.5 discusses the imphcations and limitations of 

those results. 
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5.1. hnd-Use Changes a4 Selected B U T ,  and San Diego Trolk-y stations 

1s there a typical land-use pattern around r d  transit stations? And how, if at all, does the con- 

struction of a transit station affect nearby land-use patterns? This pare describes the changing IIIIPX of 

land uses at nine BART stations in 1965, 1975, and 1990; md at four S m  Diego Trolley stamns between 

I980 and 1934. 

B24tldzng Maps 0fLand- use Change 
The first task in my analysis of land-use chmge is to assemble a basemap. This is easier said 

than done, particularly when one wishes to e x m n e  changes in land use over t h e .  Cities typically 

mantan cavent zoning maps (which delimit permteed uses) and parcel maps (whch mdicate parcel 

boundaries), but not maps of current land uses. Nor do transit &strims such as BART or the San Diego 

Trolley typically mantain maps of land uses near their stations. 

The only comprehensive land-Use basemap presently available in California is published m &gi- 
tal form by the Association of Bay Area Governments @BAG). The ABAG basemap covers the entire 

nine-county San Frmasco Bay Area and is composed of hectare grid-cells (IOOm x IOOm), coded by 

donaanant land use. First developed m 1985, ABAG’s map was updated in 1990. Using a geographic 

information system, we “cl~pped-outR d of the hectare grid-cells withfa one-half d e  of a BART station, 

along with their domnmt 1990 land uses. 

Pre-BART land-me data was generated by overlaying the ABAG hectare grid-system on 196Y 

and 1975 station area aerial photographs, md then assagrung domnamt l a d  uses based on dnscermble 

uses and patterns. Seven land uses were assigned (I) undeveloped or vacant; (it) single-family residential; 

@I) attached residential; (iv) commercial (o%fice/retd); (v) industrial; (vi) institutiond (schools, public 

buildingss, and parks), and (mi) trmsportation (highways, transit lines, and parking lots). The 1965,1975, 

and 8990 inventories were then cross-checked against each other for inconsistencies and errors A sikni- 

Bar method was wed to identify land-use changes near Sm Diego Trolley stations. Aerial photographs 

of Trolley station ares for 1986 and 19% were obtauned, gridded mto hectare grid-cells, md then coded 

accordkg to dominant 1md use. All of these operations were undertaken digitally using a geographic 

information system. 

The use of hectare grid-celhs to map lmd-use changes has both advantages and disadvantages. 

On the positive side, hectare grid-cells are large enough t5 capture broad lmd-use changes, but sm& 

enough so as not to over-generahe those changes. On the negative side, at IOOm by 1001~1, hectare grid- 

cells are too large to identify lmd uses at paniedar parcel 1ocaaions. 

Land-Use Patterns and Changes Near Nme BAR T S ~ z s n s :  6965-6986 

The nine BART’ stations included in this analysis are emremeBy &verse (Map 5.1). They include 

three of the four end-of-the-line seations (Concord-$, Daly City, a d  Fremont), four stations on the Rich- 
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mond-Fremont h e  (El Cerrito Del Norte, Fremont, Union City, md Hayward), and five stations on 

the Concord Daly City Line (Pleasant Hd2 Rockridge, Ddy Cicy, Concord, and Walnut Creek). Three 

of the stations (El Cerrito Del Norte, Rockridge, and Ddy City) were constructed in built-out urban 

areas, so subsequent land-use changes have predomkantly taken the form of redevelopment. The other 

SIX stations (Fremont, Union Cicy, Pleasant FLU, Walnut Creek, Concord, and Pleasant HA) were con- 

structed in areas with considerable new development potential . All n i n e  stations are surrouraded by 
sizeable parking areas. 

Summed over all nine stations, residential development was the largest single dominant land use 

in 1965 (46.9 percent), followed by vacant or undeveloped (27 6 percent), and comercid development 

(14.5 percent). Roads and highways, and pubhc uses each comprised 4.2 percent of station area land uses 

m 1965. Industrial uses accounted for the remauning 2.1 percent of the land uses. Append= B mcludes 

summary maps of domnant land uses at each of the mne BART stations for 1965,1975, and 1990. 

Twenty-five years later - by 1990 - although there had been significant development, the overall 

pattern of land uses had changed only slightly (Figure 5.1). The biggest single change, of course, was the 

reduction in vacant and developed land. as of 1990, only 4.2 percent of land uses within a half-mile of the 
nine BART stations was either vacant or undeveloped - down from 27.6 percent in 1965. Of the fame 

station areas, only Fremont station included significant mounts of vacant land or open space as of 1996. 

Altogether, 1,557 acres of land area classified as vacant or undeveloped lls. 1965 were developed 

by 1990. Of this total, 41 percent were converted to residentid uses, 21 percent to commercial uses, 16 

percent to public uses, and 15 percent to industrial uses; 7 percent were developed as roads, transit right- 
of-way, or parking lots. Most of these charages occurred between 1975 and 1996. 

Vacant land was not the ody  land type near BART stations to be developed. Between 1965 and 

1990,344 acres of reszdeenttal land near the nine BART stations were converted to other uses. C o m e r -  

cid development accounted for the biggest single share of residential redevelopment (44 percent), fol- 

lowed by the construction of trmsportation facilities - mostly BART p a r b g  lots (37 percent). 

Changes to other ~ p e s  of land uses were &nor Altogether, only 92 acres of non-residentad 

uses In 1965 were redeveloped into other uses by 1965. In s u m ,  of the 6,210 acres of Imd area withm a 

half-de radius of the nine BART stations, a sagmfrcmt mount  - nearly a third - changed land uses 

between 1965 and 1990, 

The result of these changes was a subtle, though significant shift in the pattern of land uses 

around the mne stations (Table 5.1 and Figure 5 4 :  

0 Residemid uses increased from 47.4 percent 0% station area land uses in 1965, to 58.3 percent in 
1990. Most of this gam occurred durmg the 1975-98 period. The station areas with the largest 
g z k s  in residential land uses between I965 and 1990 were Fremont, Union Caty, and Walnut 
Creek. At the Rockridge station, the share of land m residential use declined sngn&cantIy dur- 
ing this period - prmmady through the demolition of older homes to make way for BART 
parking lots. 



Figure &la: Dominant Land Use Shares at 
Nine* BART Sfati~ns: f965',1975, and a990 
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* includes El Cenito Del Norte, Frernont. Union City, Pleasant Hilt, Daly City, 
Rockridge, Walnut Creek, Concord, and Hayward 

Figure %Ah: hand Use Changes at Nine" 
BART Stations: f965-75 and 18975-90 
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* includes El Cemto Del Norte, Fremcnt, Union Cty, Pleasant Hill, Baly City. 
Rockridge, Walnut Creek, Concord, and Hayward 



Table 51: 1965,1975, and 1990 istributiow of Dominant Land uses 
at Mine BART Station Areas 

Station Are3 

Daly City 

Frernsnt 

Pleasant 
Hlll 

Hayward 

Rockridge 

Walnut 
Creek 

Concord 

Total 

4 965 
4 975 

76% 765% 100% 00% 0 0% 6 0% 4,533 
32% 737% 124% 00% 00% 308% 1,533 

f 965 
I475 

646% 144% 00% 80% 129% 00% 1,606 
456% 183% 4 1% 95% 221% 34% 1,606 

i 965 
1975 

f02% 403% 386% 09% 5 8% 4 9% 1,380 
102% 398% 376% 09% 4 0% 7 5% 1,380 

1965 
1975 

4 5% 844% 95% 6 5% 0 0% 1 I% f ,606 
19% 757% 95% 6 5% 0 0% 6 5% t ,606 

t 965 
i 975 

443% 256% 215% 41% 0 4% 4 1% i ,502 
3 4 4 %  276% 268% 37% 0 4% 7 3% f ,552 

1965 
1975 

276% 474% 145% 42% 2 1% 42% 14,123 
221% 469% 158% 46% 2 9% 7.7% 14,123 



Figure 5.2a: Land Use Changes at the 
Cancord BART Station: f965-75 and 4975-90 
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Figure 52b: Land Use Changes at the Daly 
City BART Stafisn: 1965-75 and 1975-90 
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4965-75 

4375-90 

Figure 5.2e: Land Use Changes at the 
Hayward BART Station: 1965-75 and 1975-90 

I 
I 

-80 -60 -40 -20 0 28 40 60 80 
Acreage Change by Major Land Use 

0 Undeveloped 
Readenbe1 
Commercial 

FA Public 
B Industrial 

Figure 5.2t Land Use Changes at the 
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0 Commercial (Retail and Office) land uses increased from 14.5 percent of station area land uses m 
1965, to 21.9 percent in 1990. Although increased commercial development occurred at all m e  
station areas during this period, it was most fomed at the Fremont and Walnut Creek stations. 
Institutional land uses (includmg schools, parks and play fields, and city builcfings) increased from 
4.2 percent of station area land uses in 1965, to 8.3 percent m 1990. Increases in msthtiond land 
uses were focused at the El Cernto, Fremont, Union City, Walnut Creek, and Hayward stations 
Induaraal land uses mcreased from 2.1 percent of station area land uses in 1965 to 5.5 percent in 
1990. Mmost all of this increase occurred at the Umon City station. 
The increase in transportation-related land uses (from 4.2 percent in 1965, to 8.3 percent in 
1990) was entirely due to construction of BART parkmg facilities. 
A closer look at the nine BART stations suggest that they can be categorized into two broad 

g ~ o u p .  The €irst group consists of station areas in which the current pattern of land uses was deter- 

mmed between 1965 and 1990, concurrently with the development of BART This group includes 

Fremont, Union City, and Walnut Creek. In 1965, all three of these stations were surrounded by large 

tram of vacant or undeveloped land. Almost all of this land was subsequently developed In Walnut 

Creek, it was developed as a mmure of residential, Commercial, and public uses. In Union City, the 
deve:oprnent m x  favored industrial uses. In Fremont, it favored residential and commercial uses. There 

is one other commonality m o n g  these three stations: a significant amount of the new development 

which occurred around them between 1965 and 1990 took the foran of public and institutional uses 

0 

0 

0 

The second group of six station areas included far less amounts of vacant land ~l l i  1965, and 

experienced considerably less new development between 1965 and 1990. Except for the Mayward sta- 

tion, the 1990 land-use ~ J X  at these six station areas was domnated by residential uses - just as it had 
been in 1965 Despite their relative stability, five of the SIX 2reas experienced a slight tilt away from 

residentid land uses and towards higher-order commercial uses. Only one - Ddy City - experienced 

an increase in residential land-use share between 1965 and 1990. 

LantLUse P a t m s  and Changes Near Four San Lhego Trolley Stattons: 19851994 

Three of the four San Biego Trolley stations included in t h s  analysis (Amaya, Spring Street, and 

El Cajon) are on the East-West line; the fourth, Palm Street, is on the North-South Line (Map 5.2) The 
newer East-West lane extends eastward mto several older suburban communities. The older North- 

South mns along an old railroad right-of-way through existmg industrial areas. 

S u m e d  over all four stations, single-family residenxid development was the Iargest single 

dominant land use in 1985 (40.8 percent), €ollowed by vacant or undeveloped land (19.7 percent), 

commercial development (10 9 percent), and roads, highways, and railroads (10.5 percent) Appendax C 

~nclrides summary mags of dominant land uses at each of the four Trolley stations for 6985 and 1994. 

Nine years later, although there had been significant development near the four stations, the 

overall pattern of land uses had changed only slightly (Figures 5.3 and 5.4). 
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Figure 5.3: Dominant Land Use Shares at 
Four San Diegs Trolley Stations: 1985T f994 
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Figure 5.1%: Land Use Changes at Four $an 
Diego TmUey Stations: 19854994 
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The single biggea change, of course, was the reduction in undeveloped land supplies: as of 1994, 
only 13.8 percent of the land area within a h & - d e  of the four transit stations was undeveloped 
- down from 19.7 percent urn 1985 Altogether, 163 acres of land classified as vacant or undevel- 
oped in I985 were developed by 1994. 
Surngle-famly residential uses increased only shghtly, from 40.8 percent of station area Hand uses 
in 1985, to 41 7 percent: in 1994. Ahost dl of this gain was at the Palrrm Street station. 
MuEu-fdy residential uses increased from o d y  5.4 percent sf station area land uses in 1985, to 
just over 7 percent in 1994. This gain was divided across three stations: Pdm, Spring, and 
h a y a  
Commercial (Retail and Office) land uses increased from 10.9 percent of station area land uses urn 
1985 to 12 percent m 1994. As with s ingle- fdy  development, most of this gain was con- 
centrated at the Pafn Street Station. 
Public and institutional land uses (including schools, parks and 1plbz)v fields, and city buildings) 
urncreased only marginally, from 7.3 percent of Station area hand uses in 1985, to 7.5 percent in 
1994. All of this gain was at- the Spring Street station. 
Industrial land uses imcreased from 4.2 percent of sation area Hand uses in 1985 to 5.2 percent in 
1994. Almost d of t h s  increase occurred at the Pahi Street Station. 
The mcrease in transponation-related land uses (from 10.5 percent in 1985, to 11.5 percent in 
1994) was mostly due to construction of Trolley right-of-way and p a b g  facilities. 
Nor was there much change in Emd-use patterns at any of the four stations: (Table 5.2): 

The strongly residential character of the h a y 2  2nd Spring Street Trolley stations was bolstered 
by smdl amounts of new sangle- and multi-fady residemtial development. 

Table 5.2: 1985 and 1994 Distribution of ~~~~~~n~ Land US@§ 
ieno Trollev Station Areas 

Station 
&s.a 

El Cajon 

Palm 

Spring 

Amaya 

4-StaD’on 
T O M  

1985 
1994 
Acreage Change 

1985 
19w 
Acreage Change 

1 985 
I994 
Acreage Change: 

1985 
1 994 
Acreage Change: 

Slnale- 
Vaeant 

9 8% 
7 4% 
-M 

43 6% 
33 6% 
-93 

I ?  0% 
5 4% 
-3s 

12 6% 
7 5% 
-36 

19.7% 
13 8% 
-1 63 

Femiiy 

38 4% 
38 3% 

-a 

17 7% 
19 9% 

46 

49 1% 
49 7% 
4 

59 0% 
59 5% 

4 

410 8% 
41 7% 
23 

11 5% 188% 
121% 200% 

4 8 

55% 25% 
74% 49% 
j-4 38 

24% 123% 
48% 131% 

19 5 

28% 107% 
42% 106% 
fO -I 

54% 109% 
71% 120% 
47 30 

PrSbllG 

4 2% 
4 2% 

CB 

6 0% 
6 0% 
0 

13 9% 
13 5% 

$1 

6 9% 
6 4% 

-4 

7 3% 
9 5% 

7 

Indus- Brans- 
&& 

7 7% 
8 6% 
6 

77% 
91  0% 

24 

1 5% 
I 2% 
-2 

ea 0% 
0.8% 

0 

4 2% 
5 2% 
28 

portation 

9 3% 
9 3% 
-2 

12 4% 
12 5% 

i 

12 2% 
12 3% 
I 

7 9% 
11 7% 
27 

18 5% 
11 5% 

30 

w 
662 
662 

695* 
695* 

682 
682 

707 
707 

2,782 
2,782 
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a Vacant land near the El Cajon station was developed with almost exactly the same proponion of 
developed land uses as existed near the station in 1985. 

land-use type: The shares of smgle-family residential, multi-family residential, commercial, and 
industrial land uses each increased by about two percent. 

e Although there was substantial new development at the Palm Street Stauon, it favored no single 

5.2. Modeling Land-Use Changes Near Transit Stations 

Land-use changes are simple to observe but hard to model or explain. They are smple to observe 

because they are discrete. Through the process of development, inchvidud parcels or sites change from 

one use to another. A vacant site changes entirely to residential use or to commercial use, it doesn’t 

remain partly vacant. The discrete nature of land-use change obscures the larger fact that the process of 

land-use change is complex and that the causes of land-use change are myriad Sites may change use 

becaisse they are surrounded by sirmlar sites in other uses. Or because they are located in or near grow- 

ing cities or neighborhoods. Or because they are less expensive and more profitable to develop than 

other nearby sites. Or because the site 1s rendered more valuable through the extension of a public 

investment such as a road or a transit line. Or because after refusmg developer offers for 10 years, the 

site owner is approached by a developer who offers the “nght” price All of these factors, singly and in 
combination, affect land-use change. Some of these factors - mual use, for example - are lscrete 

Others - for example, discamce to a rapid transit station - vary contmuousIy. 

Regression models of the type developed in Chapters Three and Four are generally mapproprr- 

ate d e n  one wishes to analyze drscrete choices or dscrete changes as a function of multiple continuous 

and drscrete factors. Logistic models, or “logit” models, are more appropriate in such cases. 

Logit models were first applied to the analysis of cGscrete choices, not dscrete changes. For the 
binary case (selection from among two alternatives), the logit model takes the following general form: 

Prsb ECI&O,I)~ = eUo/ (euo + eu’) 
where: 

u: 
Prob [fO{o,l)]. 

a and b, 

is linear (uthty) function of n independent variables or factors 

is the probability that an obsetvation will select choice 0 from 
the bmary choice set of 0 or 1 as a function of X t  
are parameters of the h e a r  function U, which must be estimated. 

Although logit models are used to analyze lscrete choices, the logistic probability function 1s 
itself contmuous. By convention, probability vdues that exceed -5 are assigned the value of I; proba- 

bility values less than .5 are assigned a value of 0. Model parameters (the vdues of a and b,) are usually 

estimated using the maximum kkelihood method. When the choice set includes more than two alterna- 

tives, the multi-nomial form of the logit model IS used: 
 rob 11: jj = eU1/ (euo + e”3 

(Xi): a t blXl + R2X2 -I-.... +b& 

where: 



u.. 
Pro$ [[i{j)]: 

a and bl 

is linear (utility) function of n Independent variables or factors 

is the probability that an observation d l  select choice i from 
a choice set incluchng elements, as a furaceion of XE 
are parameters of the Enex function U, which must be estimated. 

Underlymg both the bmary and rnulti-nomkd forms of the logit model is the a s ~ ~ i ~ p t l ~ n  that 
the &.stri$ution of the error term follows a @umbel &stributio~~. Logit models have seen their widest 

application in the area of travel demand forecasting, particularly for making predictions of iar&vidual 
mode choice (Ben-Ahva and kernan, IWE)>. 

0: a + blXl i- b2Xz +.... +b,X, 

Emending the use of logit analysis to modeling &screte land-use changes requires relaxmg a 

couple of the key assumptions. First, logit models are usually used to pre&ct &screte choices by in&- 
viduals based on the assumption that those individual choose the alternatives that maxarmze their own 

utxhy." h this appht ion ,  we will use logit analysis to prechct discrete changes to hectare grid-cells and 

lmd-use polygons based on the assumption of maxinralzed profitability Second, and accordmgly, the 
assumption that the error term follows a Gumbe1 distribution must also be relaxed. 

Model Spec$caataoras 

All seven of the logit models developed in &IS chapter are used to explain changes in domnant 

land uses as coded and counted at the hectare-gnd-cell level. The hectare grid-cells upon which the 
models are based are l i ~ ~ ~ i ~ e d  to those which are withian ZL half-de or mile radms of the nme BART sta- 

tions and dour San Diego Trolley stations identified above All but one of the models presented below 

are binaryy, or btnsmul, change models, m which the depemdent variable measures the probabilityr that a 

particular hectare grid-cell changed use durmg the audy period. Sites thaE changed use durmg the study 
period are assigned a d u e  of 1; those that did not change use are assigned a value of 0. 

A find logie model of vacant land change takes a mul t i -n~md fom. That IS, two or more alter- 

native developed uses are considered simdtmeous1y. The multi-nomial model has an ordinal stmmure. 

This means that larger values of the dependent variable indncate higher-order kmd-use changes. 'LTaCant 

sites that remained vacant during the study period were coded to a I. Vacant grid-cells that were devel- 
oped in residential use were coded to a 2, Vacant sites that were developed in commercial use were 

coded to a 3. 

Sm sets of dependent vmab'les are included as explanatory factors in the models that follow : 

I. Dtstanse to the Nearest Transat S h t t ~ n :  This, of course, is the primary variable of mter- 
exe All else bemg equal, we hypothesize that grid-cells closer to transit stations are more 
likely to be developed, or otherwise change use, than more distant grid-cells. To mcorpor- 
ate this effect, we measure the strmght line distance between each grid-cell and the nearest 
transit station. BART DISTmeasures this effect for the nme BART stations; TROLLEY 
DISTmeasures it ~QI- &e four Sari Diego Trolley stations. Following our hypothesis, ab&e, 
we W O ~ $  expect BAR TDIST and 7R OLLEY - DIST each to have a negative coefficient. 



2-3. Intotal kand Use: The likelihood that a site will change land use depends to some 
extent on its initial use. Generally speaking, we would expect undeveloped sites to be more 
likely to change use than already-developed sites Among already-developed land types, we 
hypothesize that lower-order uses (e.g, residential) are m ~ r e  likely to change to lugher-order 
uses (e.g., commercial), than vice versa. To incorporate this effect into the model, we 
created two dummy variables: INIT USE-Undeueloped designates undeveloped land, and is 
set equal to 1 if the initid land-use tfpe is undeveloped, and to 0 if the imtial use is devel- 
oped. DVIT USE-Pesszdentml designates residential use: it is set equal to 1 if the mtial 
land-use tyG is residential, and to 0 if the initid use is non-residential. 
4. Adlacent Land Uses: All else being equal, we would expect site land uses to be strongly 
affected by the paetern of neighboring, or adjacent, uses. We would expect, for example, 
that a vacant site surrounded by residential uses would tend to be developed to residential 
use. The same would hold true for a vacant site surrounded by commercial uses; dl else 
being equal, we would expect a t  to be developed to commercial use. There are three reasons 
why we would expect grid-cells to convert to uses similar to those that surround them. 
First, it may be cheaper to extend appropriate mfrastructure and public facibtties. Second, 
there may be agglomeration economies associated with larger areas of like use. Third, local 
land-use regulations may specdy neighborhoods or clusters of s i d a r  uses. 

To measure this effect we developed the index variable, SM-INDX. SM-lNDXmeasures 
the similarity of each grid-cell to adjacent grid-cells, and is defined as the proportion of the 
same land-use type m the surroundmg eight grid-cells. SM INDX varies between 0 and 1. 
A value of 1 means that a particular grid-cell is completely urrounded by celh of similar 
use. A § I .  IADX value of .5 would mean that half of the surroundmg grid-cells are of 
similar use.-Given that we expect higher rates of land-use change across borders of dissim- 
lap land uses, we hypothesize that the estimated coefficient of SIA-INDXshouId be negative 

More refmed measures of adjacent land use are used in the vacant land development 
mo&ls. ADJ-ReszdentlaC measures the proportion of adjacent initial land uses in residential 
use ADJ Commercmk measures the proportion of adjacent m i d  land uses in commercial 
uses. Liki SIM I'DX, AD] Csmmercml andAD]-PesrdentmI vary between 0 and 1, 

g on tke %l[p1~1 of adlacent uses. Unlike SM IiYDX, however, their respective values 
mcrease with the share of higher-order adjacent us;. Thus, all else bemg equal, we wodd 
expect their coefficients to be positive. 
5. Auazlable Vacant h n d :  As noted above, development occurs more frequently on unde- 
veloped or vacant sites than on previously-developed sites. All else being equal, we would 
thus expect more development to occur near transit stations surrounded by vacant land than 
near stations surrounded by developed land The variable VA C A N T 2  VAIL measures the 
avdabdity of undeveloped land. It measures the share of undeveloped land near a transit 
station that is closer to the station than a particular grid-cell. Suppose, for example, that 
there are 50 and 508 acres, respectively, of undeveloped land within a quarter-mile and half- 
mle  radius of a particular transit station, and that a particular undeveloped site-of-interest is 
located a quarter mile from the station. This means that only 10 percent of available vacant 
l a d  is closer to the transit station than site sf mterest (the value of VAC4NT-A VAIL 
would be 1 for the particular site of interest). All else being equal, we would expect the 
comparative lack of vacant land closer to the transit nation than the site-of-interest to make 
the site more valuable, and thus more likely to be developed. Put another way, we would 
expect the coefficient of VAG4m-A VAbL to be negative: vacant sites near transit stations 
are llkely to be developed according to their relative supp1y as well as their proxirmty. 



6. Chvactertstzcs ofIdzwdml  Transtt Statisns: Each of the nine BART and four San Diego 
Trolley stations IS in a slightly different property market. Thus, factors whch induce land- 
use changes at some sations may not induce changes at others. Including dulruny variables 
for each station area ~ r p  the various models enables us to capture these dafferences. 

5.3. Model Results: Explaining Patterns of Land-Use Change 

What is the likelihood that a given hectare gd-ceIE will charage land use as a function of its dis- 

tance from a B M T  or Sara Diego Trolley station? The results of vario~l~s bhcsmid logit models predict- 

ing land-use changes (of dl types) are showm in Tables 5.3 through 5.6. Tables 5.3 and 5.4 refer to lmd- 
use changes near BART stations; Table 5 5 arad 5.6 refer to Bmd-use changes near San Diego Trolley 

stations. 

Table 5.3: Binomial Legit Mo eI Results for Grid-CeBI Land use Changes 
at Selected BART Stations: 1965-75 and 1975-90 

Dependent Vaaiabk Hectare Grid-Cell Land Use Change /0=no, 1 = yes) 

Bndeaendent Variables 
BA RT-DIST 
VA CANT-A VAEL 
IN/T-USE-U 
IN1 T-USE4 
SIM-lNDX 

Station Area Dummy Variables 
CONCORD 
FREMONT 
HAYWARD 

ROCKRIDGE 
UNIQM CiTY 
WALNUT GREEK 
DALY ClTY 

PLEASANT miibib 

0 004 
-0 015 
1321 

not significant 
not significant 

2 63 
2 77 

not significant 
2 44 

not significant 
4 01 
3 54 

not significant 

0 002 
not significant 

7 498 
2 11 1  
-0 044 

not significant 
-0 96 
110 

not significant 
not significant 

1 66 
120 
-0 46 

Constant -7 91 -3 24 

Observations 2434 231 5 

Opo Predicted 

% Predrcted 

320 
27 2% 

21 12 
98 3% 

533 
76 7% 

1 782 
96 4% 

Overall fit 88 8% 91 9% 



Table 5.4: Binomial hogit Model Results for Grid-Cell Land Use Changes 

Depeiqdent Variable Hectare Grid-Cell Land Use Change (O=RO, 4 = yes) 

mlm 
Gnd Cells 
% Predicted 

Unchanged 
Grrd Cells 
o/o Predicted 

BART Station Area ( n k  indicates variable is not statisticaily significant) 
El Cer- 

Walnut Union Pleasant 
Concord Creek Qiy Fremont Heyard k!!l 

n h  nls nis nls nis nk 
nh nls nls nls n h  nis 
Ill.§ n h  1358 363 6 36 n k  

12578 308 2 91 nis nis nls 
-0 0269 -0 W55 -0 07224 -6 0399 -0 0267 -0 0087 

nis KllS n h  tliS n/s n h  

306 274 31 8 300 226 243 

48 148 274 1 70 46 28 

348% 905% 977% 859% 500% 786% 

260 z 26 2 04 I30 188 21 5 

1000% 968% 962% 477% 978% 994% 

Daly rn 
nls 
nis 
6 33 
2 66 
n/s 
nls 

273 

46 

65 2% 

227 

98 5% 

Rock- rrto del 
E!&.em 

n h  nls 
nIs nls 
n/S n/s 

46257 4907 

n h  n h  
-00629 00004 

248 235 

18 23 

$67% 696% 

230 21 2 

996% 991% 

BAR TStatton Results 

Table 5.3 presents the binomial logit model results of land-use change within a half-mire of nine 

BART stations during two periods: 1965-75 and 1975-96. As noted above, the first of these periods 
mdudes the period of B U T ' S  construction but not operation. The second period covers the first 15 

year!, of BART operations. Five independent variables were included in t k e  model, as were eight of the 
nine BART station area dummy vanables. Note that t h s  model predicts only the occurrence of a grid- 

cell land-use change (of any type), nor; the specific type of land-use change. 

Three-hundred twenty grrd-cells changed land uses between 1965 and 1975 The model pre&cts 

only 27.2 percent of those changes, a relatively poor result. Only three of five independent variables 

were statistically significant. The coefficient sign for BART - DlST (the variable measuring &stance to 

the nearest trmsit station) was posrtrve - the opposite of what was expected. Five of the eight warion 

dummy variables were statistically significant, and d had positive coefficients. The probability of a par- 
ticular grid-cell changing land use durmg the 1965-75 period was hghest near the Union City BART sta- 

tion (estimated coefficient = 4 01) and lowest near the Pleasant Hill station (estimated coefficient = 2.44). 
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Table 5.5: Binomial Lo odd Resuks for Grid-Cell Land 
at Selected Sen Die 

Dependent Variable Hectare Grid-Cell band Use Change 

-8 003 
0 029 
2 861 
-0 782 
-5 021 
-0 010 
-1 92 

% Predicted 

% Predicted 

143 
9 7% 

1,899 
99 9% 

The same specification does a much better job predicting grid-cell land-use change between 1975 

and 1990. The model correctly prechcted 4Q9 of 533 grid-cell land-use changes (76.7 percent). Four of the 

five independent variables were statiaicdly significant. The one that was not was VA C2NT-A MAIL, which 

suggests that the availability of vacant land was not a significant determinam of starion area land-use change 

during the 1975-90 period. As m the previous period, sites closer to BART stations were not more likely to 
change uses than more &stant sites. Five ofthe eight station dwsamy variables were statistically significant. 

As in the previous period, the probability of a particular grid-cell changmg laad use during the 1965-75 

period was highest near the Umon City BART station (estimated coef€ieient = 1 661, followed by the 
Walnut Creek and Hayward stattion areas. The probabdity of a Iparticuablar gnd-cell near the Fremont or 

Daly City BART stations changing land uses between 1975 and 1996 was negative. What this means is 

that after accounting for effects of the pattern of imtial uses and proximity to BART, grid-cells near the 
Fremont and Day City BART stations were d i k e % y  to change land uses between 1975 arad 1990. 

A second tabable (Table 5.4) includes separate modeel mns for each odthe nine BART station areas. 

Because of a lack of observations during the separate 1965-95 and 1975-1996 periods, results are reported 

over the entire 1965-1990 period. Not surprisingly, the model fits vary- widely across station areas. The 

best-fitting model is for the Union City BART station area. In t h s  model, the combination of SIM - 
lNDX (m&catmg the propomon of adjacent grid-cells of s h l a r  initid use) INIT-USE-hlndeveloped 
(incbcating that the gnd-cell was originally undeveloped), arid INIThJSE-Reszhntud Qmdlcating that the 



Table 5.6: Binomial Logit Model Results for Grid-Cell Land Use Changes 
at Each San Diego Trolley Station: 1985-94 

Dependent Wariabie Hectare Grrd-Cell Land Use Change @=no, 1 = yes) 

San Diego Trolley Station Area 
@Is indicates va riable is not st atisticallv sianificanQ 

Amava ElL-aQn m 
6 0696 RJS R/S n/s 
-0 1439 nls nls nls 
3 95 1 24 16 74 2 0894 
n k  -2 28 191s -1 3905 
nls nls nls n/.§ 

-0 0664 -0 041 -0 0257 0 8425 
-6 7929 n/s R k  -3 2742 

Obscmatrons 659 495 549 309 

!a.m I 8  20 46 29 

U i a n a e d  Grid Cells 64 1 475 503 2814 

% !%€?dieted 34 8% 30 0% 6 5% 34 5% 

% Predicted 99 1% 99 4% 98 8% 99 3% 

grid cell was origmdly in residential use) explan 146 out of 170 land-use changes dunng the 1945-90 

period. The same variables explamed 90.5 percent: of lmd-use changes near the Walnut Creek BART 
stati’on, and 85.9 percent of fad-use changes near the Frernont BART stations The worst-fining models 

are those in which few grdcells changed land rase. For example, only 18 grid-cells near the Rockridge 

stamn changed use between 1965 and 1990, and the model “expl;Unsy’ only three of those (16.7 percent). 

SmmIarly, the ~ . ~ l ~ d e l  explans only a third of the 48 grid-cells that changed use at the Concord BART 

station between 1965 and 1990. In none of the models - regardless offit - was BART-D.IST(the vamble 
mea~~ur~ngproxzm~Ey to a BAR Tstatton)found to be s tattstzcally szgn &ant. Regaudess of the stauon area 

conadered, groximty to a BART station was not a determinant of land-use change at the hectare grid- 
cell. level 

S m  Dtego Trolley Statmn Westtlts 

Altogexher, the four San Diego Trolley stations ares included thrs analysis - h a y a ,  El Cajon, 

Pam, md Spring - encompass 2,012 hectare grid-cells. Of this total, 113 grid-cells changed land uses 

between 1980 and 1994. The binomial land-use change model presented in Table 5.5 correctly explans 

fewer than 10 percent of those changes Despite the poor overall “fit” of the model, all of the included 

independent variables were found to be statistically significant. As hypothesized, the coefficient em- 
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mate of 7ROLLEY - LIST (the d m m c e  between each grid-cell and the nearest transit station) is negative, 

indicatmg that those grid-cells close to the four Trolley stations were more likely to change uses than 

more &stant grid-cells. Also as expected, each grid-cell's imitial land me was found to affect its likelihood 

of subsequently changing use. Undeveloped grid-cells were more likely to change use between 1980 and 

1994, while residemtral amd comercial grid-cells were less likely to change use. The coefficient estimate 

for SM - IZVDdY (a measure indicating the extent to wlaach a particdar grid-eell was surrounded by grid- 

cells of similar use) was found to be negative, another expected result. Contrary to expectations, the 

coefficient estimate for VACANT - A VAbL (measuhg the availability of ~ ~ ~ k v e l ~ p e d  land) was found to 

be negative. Combinmg these vanous effects, those grid-cells which were most likely to change land use 

between I980 and 1994 were those that were initially undeveloped, adjacemt to the Trolley statism, and 

surrounded by developed and dissamilar uses. By contrast, the vpes of grid-cells Beast likely to change 

land use between 1988 and 1994 were mitially in residential or c o m e r c d  me, were surroumrded by 
grid-cells of simdar use, and were more &stant from the Trolley. 

A second table (Table 5.6) includes separate model runs for each of the four Trolley stations. 

The model correctly predcts about a third of the 1980-94 grid-cell land-use changes for the three Trolley 

stations on the Est-West line (Amaya, El Cajsn, and Sprmg >, but only 6.5 percent of land-use changes 

in the vicmity of the Palm Street. In none ofthefour models was TROLLEYDISTfihe vanable measar~ng 

proxirntv to  a Tro!ley statton)fisund to be stattsttcally szgn$cant OT of the expected sign. When considered 

on a station area-by-statisn area basis, proximty to the Trolley station was not found to be a determinant 

of land-use change at the hectare grid-cell leveln 

5.4. Patterns of vacant d Development 

Mose lmd-use changes involve ehe development of vacmt land. As Figure 5.4 shows, - percent 

of 1965-1990 land-use changes at the m e  case-study BART stations, md - percent of 1980-95 ]lamd-use 

changes at the dour case-mdy San Diegs Trolley stations, involved the conversion of previously undevel- 

oped land to some other use. This seaion explores the errtent to which patterns of vacant land develop- 

ment near rapid transit stations differ from overall patterns of land-use change* 

P a ~ e m s  offtesidmtzal Development 

As of 1965, there were 544 undeveloped hectare grid-cells w i t h  a half-de of the nme BART 
stations included in this analysis. Between 1965 and 1975,36 of those undeveloped grid-cells were con- 

verted to residential uses. An additional 97 hectare grid-cells were convened to residential uses between 

1975 arnd 1998. The binomd 10gt model included as Table 5.7 does a poor job explaining undeveloped- 

to-residential grid-cell land-use changes during the first of these two periods (6.6 percent of changes 

correctly prehcted) but a faarly good job explammg them during the second period (83.5 percent of 

changes precbcted. correctly). Regardless of the period, the coefficient of the BART - DISTvanablle was 
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Table 5.7: Binomial Logit Model Results for Grid-Celi Land Use Changes 
[Undeveloped to Residential] at Selected BART and San Diego Trolley Stations 

Dependent Variable: Hectare Grid-Cell Land Use Change from Undeveloped to Residential Use 

BARE BART: SD Trolley: 
1965-75 1975-90 %BQM 

BART-DIST or 0 088 0 008 0 0843 
AQJ-RES not significant 0 043 -0 0156 
VA CANT-A VAlL not significant not significant -0 0681 

!Mia 

not significant 
not significant 
not significant 
not significant 
not slgnificant 
not significant 
not ssgnrficant 
not significant 

not significant 
not significant 
not significant 
not significant 
not significant 
not significant 
not significant 
not significant 

-1 667 
-1 7685 
-2 '1099 

Constant -38 80 26 37 not significant 

Obstarvations 544 278 430 

wrrged Grid Cells 36 
6 6% 
508 
93 4% 

% predicted by model 

'% predicted by model 

97 4'19 
83 5% 12 6% 
4 81 31 1 
80 1% 94 9% 

found to be positive. This means that the vacant grid-cells close by BART stations were less likely to be 

developed in residentid use than more distant grid-cells. 

What about new residentid development near Sasl Diego trolley stations! As of 1980, there were 

430 undeveloped hectare grdcells within a hdf-rde of the Amaya, EI Cajon, Palm, and Spring Street 

San Diego Trolley stations. During the next 14 years, 113 of those undeveloped grid-cells would be con- 

verted to resrdentrd uses. The binormal logit model summartzed in Table 5.7 correctly explains only 

about one-eighth of those changes. As with BART, the further an undeveloped grid-cell was from a San 
Diego Trolley station, the more likely it would be developed to a residential use. Compared with sites 

near the Sprmg Street Station, vacant sites near the Amaya, El Cajom, and Pakn stations were less likely 

to be developed to residential use. As expected, the sign of the coefficient for VACIANT - A VAIL (the 
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share of vacant land closer to the transit seation thm P given grid-cell) was fomd to be negative, i d c a t -  

ing that vacant sites imme&ately proximate to Trolley stations were more likely to be developed to 

residentid w e  than more distant vacant sites. Finally, we note that the coefficient sign fo.rADJ - Ress- 
denteal was found to be negative, indicatmg that vacant sites surrounded by residential uses were less 

likely (not more likely) to be developed into residentid use. 

p~Zt&m§ Of i%?W ~QP?2E%?TCZal ~t?Vt?h$WZmt 

It 1s sometimes argued that transit investments should stimulate nearby commercial devdop- 

ment. To what extent was this true for BART arad the Sm Diego Trolley? Between 1965 and 1975~72 

of 580 undeveloped hectare gridl-cefis near the m e  case-study BART stations were converted to 

commercial uses An adchcional. 257 hectare grid-cells were converted to esmamercid uses between 1975 

and 1990 The binorrial logn model included as Table 5.8 does a poor job explmng undeveloped-to- 

residential grid-cell lmd-use changes during the first of these two penoh (4.6 percent of changes 

correctly prehcted), but a farly good job explauaang them durmg the second period (89.1 percent of 
changes prechctted correctly). Regardess ofthe period, the coefficient of the BART - DISTvariable was 

found to be positive. This means that those vacant grad-cells closest to BART stations were actually less 
likely to be developed to commercial use than more distant grid-cells. The share of adlacent grid-cells 

initidly in commercial use (ADJ - Commerczal) was found to be positive for the first of these two periods, 

but negaxtsve for the second. Ths indncates that vacant sites near BART stations surrounded by 

commercial uses were more likely to be developed to commercial use between 1965 and 1975, but less 

likely to be developed to comercial use (compared with other uses) between 1975 md 1990. 

What about new comercid devdopmem near Sara Diego Trolley stations? As of 1980, there 

were 478 undeveloped hectare grihceEls within a hdf-mlie of elhe Amaya, El Cajon, Palm, and Spring 
Street San Diego Trolley stations. During the next 14 years, 100 of those undeveloped gnd-cells would 

be converted to com.mercia1 uses. The binomid logit model sunnmaized in Table 5.8 CorreCtEy explams 
omly about one-nmth of those changes. Despite its poor overall fit, the Sm Diego model does offer 

some interesting insights. As expected, the sign of the ~ ~ , E ~ Y ~ ~ ~ T c o e f f ~ c i e n t  is negative, mhcatmg 

that closer vacant sites were more likely to be developed in comercid uses than more &stant ones. 

The positive sign for the ADJ-COMERCUL coeffacaene is also mnsi~egak with expectations. It in&- 
cates that vacant sites surrounded by sites already m commercial use were themselves likely to be 

developed to commercial use. 

Patems ofReszdmtza1 and C~mrzaerc~al Developmeat: Wemlts ofthe Mdtz-Nomd M ~ d d  
All of the logit models developed thus far have been of a binary, or bmomid, form. That IS, they 

have been used to deternume why one particular type of Imd-use change occurred. Bmomid models 
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Table 5.8: Binomial Logit Model Results for Grid-Cell Land Use Changes 
[Undeveloped to Commercial] at Selected BART and San Diego Trolley Stations 

Dependent Variable: Hectare Grid-Cell Land Use Change from Undeveloped to Commercial Use 

Mode 1 Coeficents a nd Stat istics 
BART: BART: SD Trolley: 

A MA YA 
63 CAJQN 
PALM 

119sas 
0 039 0 006 -0 0049 
a 008 -0 a22 0 0228 
-0 032 not significant 0 0513 

not significant 
not significant 
not significant 
not significant 
not significant 
not significant 
not significant 
not significant 

not significant 
not significant 

not significant 
not significant 
not significant 
not significant 
not significant 

not significant 

not signrficant 
not significant 
not significant 

Constant not significant not significant 0 9596 

BbsE!Natlons 580 354 478 

Gkm 72 
4 2% 

yB16r 508 

% predicted by model 

% predicted by model 99 8% 

257 108 
89 2 %  'I1 0% 

97 
59 7% 

378 
97 9% 

cannot be used to analyze multiple choices, or multiple change possibihties. The multi-nomal form of 

the logit model is more appropriate for that purpose 

Table 5.9 presents the results of a multi-nomal logit model of land-use changes to undeveloped 

hecta-e grid-cells near the nine case-study BART stations and four case-study Sm Diego Trolley stations. 

Three land-use change possibilities are considered. (I) that an undeveloped grid-cell remains undeveloped, 

(h) that an undeveloped grid-cell is developed to residential use; and (iii) that an undeveloped grid-cell is 

developed to commercial use. The three possibilities are assumed to be ordinal. This means that a land- 
use change to a commercial use is presumed to be a hgher-order change than land-use change to a resi- 

dentid use, aind that land-use change to residential use is presumed to be of a higher-order change than 



Dependent Variable: 

Constant 1 
Constant 2 

Change = 4 
Change = 2 
Change = 3 

%Concordant Predictions 
%Drscordant Predictions 
%Tied Predictions 

1 

3 Undeveloped to cosnmerrm~ use 

No change to undeveloped land 
2 Undeveloped to residential use 

SD TrolBey: 
1980-94 

not srgntfiant not signrficeent not slgnlficant 
not srgnrficant -0 (310 no% srgnlficant 

not slgnrfimnt not significant not slgnlficana 
0 021 0 047 0 023 

not ssgnrRcarst not significant 
not signtficant -a 93 
not ssgnrficant not slgnlficanf: 

3 27 not signrficant 
not slgnrficant not significant 
not slgnrficanl not SlgRIfiCXlt 
not significant Rot SlglnlfiCNlt 
not sigmficant -4 86 

-3 55 
-3 02 

61 3 
508 
36 
69 

58 8% 
28 1% 
13 a %  

not significant 
not significant 
not slgnifiCXlt 

-1 17 -1 008 
1 20 not signifrcant 

491 
97 
4 81 
21 3 

406 
39 a 
53 
42 

81 6% 67 9% 
18 1% 31 4 %  
0 3% 18% 

for a site to remain undeveloped. The vdue of this type of specification is that it allows different foms 

of development to be examined as alternatives to each other, not just t.0 no development, 

As in previous models, our analysis of land-use change near BART stations is divided into two 

periods: (1) a pre-BPLRT period spanning the years 1965-1975; and (2) a BART-operations pt~-iod encom- 

passing the years 1975-90. The multi-nomal fogit model smmanzed in Table 5.9 correctly explains 58.8 
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percent of undeveloped land-use changes near the nine case-study BART stations between 1965 and 1975, 

and 81.6 percent of land-use changes near the same nine BART stations between 1975 and 1990. In 
neither period was proxlmity to the BART station (BAR TDIS?) found to be statktically insigruficant. 

Vacant grid-cells surrounded by commercial uses (ADP_Comrnerstal) were somewhat more likely to be 
commercially developed themselves during the 1965-75 period, and much more likely to be c o m e r c i d y  

developed during the 1975-90 period. Vacant grid-cells surrounded by residential uses (ADJ-Restdentzd) 

were no more likely to be developed to residential use during the 1965-75 period (than to remain unde- 

veloped), and actually less likely to be developed to residential use during the 1975-90 penod. The rela- 

tive ;warlability of vacant land (VACANT-A VAIL) did not affect the likellhood of commercial or resi- 

dential development in ereher period All else bemg equal, undeveloped grid-cell near the P leaan~ Hill 
BART station were more likely to be developed to commercial use between 1965 and 1975, but not 

between 1975 and 1990. All else bemg equal, undeveloped grid-cells near the Fremont and Daly City 

stations were somewhat more likely to remain undeveloped during the 1975-90 period. 

Turning southward, the multi-nomid logie model summarized in Table 5.9 correctly explams 

67 9 percent of undeveloped land-use changes near the four case-study San Diego Trolley stations between 

1980 and 1994. As with the BART, above, station proximity (Trolley-DIS7) was not found t o  be a sta- 

tistic ally significant predictor of land-use change. Indeed, of the seven mdependent variables considered, 

the only one whch was found to be significant was ADJ-COMMERCW - m&catmg that grid-cells 

surrounded by commercial uses were somewhat more likely to be developed than other grid-cells. 

5.5 Summaq and Interpretation 

Sf.41.nm6Zy 

Whether it IS based on an analysis of maps, or data in tables, or the results of statistical models, 

whether it is based on a partial analysis or a multi-variate one, the overall finlng of this chapter is con- 

sistently the same: netthcr BARTnoy the San Dzego Trolley has bad a ngntfsant efect on &and-u5epattem9 

zn thew trnmedzate statton areas. Among the major frndings of this chapter: 

0 There has been a significant amount of land-use change near many BART stations smce 1965. 
Altogether, 1,557 acres of land area (within a half-mile of nme representative BART stations) 
classified as vacant or undeveloped in 1965 were developed by 1990. Of this total, 41 percent were 
converted to residentid uses, 21 percent were converted to commercial uses, 16 percent were con- 
verted to public uses, 15 percent were converted to industnal uses, and 7 percent were developed 
as roads, transit right-of-way, or parking lots. Most of these changes occurred between 1975 and 
1990. Taken together, they resulted in a slight - although significant - shift in the pattern of 
BART station area land uses toward residential and commercial uses. 

Various staxistical models were developed to separate the effect of proximity to the BART 
station itself as a determinant of station area land-use change, from other factors. In none of the 
models tested - whether for all land-use changes, changes to vacant land in general> or specific 
forms of vacant land change - was proximity to a BART station found to be a signlficant deter- 
minant of land-use change. 
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e Our analysis of land-uses changes near §an Diego Trolley stations mcluded only four station 
areas - Arnaya, El Cajon, Pdm, and Spnng Street. Altogether, 143 acres of land classified as 
vacant or undeveloped in 1980, and within a h d f - d e  of these four stations, were developed by 
1996. As in the case of B , the s u m  total of these changes resulted in a slight but significant 
shft in the pattern of station area land uses toward residential and comercid uses. Also, as k 
the BART case, proximity to a Trolley station was not found to be a significant &ter&ant of 
vacant or developed Imd-use change - even holding constant other development-related factorse 

Hnmp?-e&tton 

One can posit four reasons why sites near selected BART and San Diego Trolley stations did not 

change use, or were not developed with greater frequency than more &stant sites. The first reason is r e d y  

more of a caveat: perhaps we sm$y selected the wrong stations areas to ex&e. Had we looked at 4 
BART and San Diego Trolley stations, or at other stations, perhaps we would have found a more sign&- 

cant relationship bemeen land-me change and station prsxmty. Wide this argument has some vdi&ty, 

it &regards the fact that we selected the case study stations to be broadly representative, and because they 

were in ares  with more opportunities - not fewer - for signifkant land-use changes. Related to this argu- 

ment is another one - that 1Q or 15 years is smply too short a period m which to observe significant land- 
use changes Yet, as we ROW in the next chapter, during the same period that extensive land-use changes 

were not t&g place near BART stations, they were takmg place in other, not-so-faraway locations. 
Second, the study ares around the selected BART and S m  Diego Trolley stations may not be 

large enough to observe significant patterns of lmd-~lse change. We return to this issue in the case of 

BART Un the next chapter. 
A third reason for not fnnhg a relationship between proximity to transit stations and land-use 

change 18 more compebg. It is that regardless of the oppomm&es for deve8opment and/or ksd-use 

chamge, there may be signrficmt mstitutiond barriers to such change. Such barriers can take the f ~ ~ n n a  of 

organized neighborhood O ~ ~ O S P ~ I B I I ,  as in the case of the Rockridge BART statmm, in inflexibly apphed 

zoning and sub&vision ordinances; m the fragmented nature of parcel boundaries (makang land assembly 

more chfficult); or an the inability of local governments to provide necessary development incentives Of 
all the (non-downtown) BART ~axions, the Fremont and Walnut Creek station areas have experienced 

the most new development in their inmmed2~ station areas since 1965. Compared to the other three 

terminal stations (Concord, Daly Citys and Richmond), there was more developable land avavaalable near 

the Fremont station, parcel. sizes were considerably larger, and local regulations were more conducive to 

a broader range of development forms. In the case of Walnut Creek, city policies explicitly favored the 
development and redevelopment sf sites near the BART sations. 

A fourth reason IS both simpler and perhaps closer yet to the truth. It is that the presence of a 

transit station - in and of itself - has little aES&ry to stimulate lmd-me change or new development. 
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CHAPrnR SIX: 
and Metropolitan Land-Use Change: 1985-1990 

by John Landis and Ming Zhang 

Once upon a tirne, most people who took rail transit walked to and from the station. Today, 

although many transit riders still walk to the station (particularly in older cities hke Boston and New 

York City), more and more transit riders arrive by private car. At the other end of the transit trip, 

most riders still walk from the transit station to their final destination. The effect of thrs change m 

access mode has been to expand transit’s market area (or access shed) on the origm side of the transit 

trip, but not necessardy on the destmation side. 

Writing in 1962, hstorian Sam Bass Warner mtroduced the term, “streetcar suburbs”: neighbor- 

hoocis within waking access to Boston trolley lines developed at the end of the 19th century. Thirty 
yean; later, in Cahfornia, s i d a r  suburban cornmumties developed around the Key Line in the San 
Francisco Bay Area, and around the Red Line in Los Angeles. To what extent drd the construction of 

BART replicate this phenomenon, but within a greater radius to match the system’s larger access sheds? 

Put mother way, to what extent &d the development of BART accelerate the conversion and develop- 

ment of %and at a metropolitan scale?19 This chapter tries to answer that question. Using the same types 

of models as in Chapter Five, it exmines the role of BART station access in determing patterns of 

land use change m Alameda and Contra Costa Counties between 1985 and 1990. P m  6.1 introduces the 
data set used for this analysis, and describes the extent of land-use changes in Contra Costa and Almeda 

Counties between 1985 and 1990. Part 6.2 su thes  the development of a statistical model designed to 

isolate the effect of BART access on land-use change; Part 6.3 reports on the model results; and Part 6.4 
dnsciisses the implications of those results. 

6-6. Alameda and Contra Costa County Land-Use Changes: 1985-1990 

Before one can analyze land-use changes, one must be able to locate them. As noted m Chapter 

Five, the only mubyear detailed inventory of land uses currently available in California IS pubhshed by 

the Association of Bay Area Governments (ABAG). The B A G  database hsts the domnant use of every 

hectare (100m x 100m land area) of land withn the nine-councy San Francisco Bay Area at two pomts, 

1985 and 1990 Converting the ABAG database into a form which could be used to analyze the relation- 

ships between land-use change and BART access involved a four-step process: 

1. The 1985 and 1990 land-use inventories were separately converted into map form. 
Simultaneously, the number of land-use categories were reduced from several dozen to 
seven: (I) residential; (11) commercial; (1:) public and mstitutional; (iv) industrial; (v) 
transportation; (VI) vacant and undeveloped; and (vii) unclassified. 



2. Usmg Arc/Enfo$ a geographic mfomation system, adjacent hectare grid-cells with the 
same use category were merged (or “&ssolved”) into lam$-me polygons. 
3. Using Arc/hfo, the 1985 and 1990 maps were geometrically combined (or “unioned”) 
mto a single map identifymg those land-me polygons that changed w e  between I985 md 
1990. 
4. Arc/Info was then wed to measure the aerial &s&mce between every lmd-we polygon 
(whether or not it changed use) and the nearest BART station and freeway interchange. 

Lad-Use Chmges tn Ahme& and Contra Costa Counties: 1985-90 

The 1985-90 period whmxxd considerable land development in both A r n e &  md Contra 

Costa Counties. Altogether, 6,634 acres of land area in Mane& COWV chamged use between 1985 amd 
1998 (Table 6.1). Except for 238 acres, all of these changes involved the conversion of previously 

Dominant 

Unclassified 

Undeveloped 

Residential 

Commercial 

Transporktion 

All Land Uses 

Total 

Dominant 

Other 

Residential 
Commercia! 
Pubk 
t nd ustrsal 

Undeveloped 
Commercial 

Undeveloped 
Residential 
PUbllC 

Residential 
Commercial 
Pubk 

Residential 
Commercial 
Publsc 

Undeveloped 
Ressdentia! 
Commercial 
PubEic 
Industrial 

A!% Changes 

WCWS 

5 

3,796 
1,848 
257 
472 
15 
3% 

3 
90 
5 
20 
10 
1% 

20 
17 
10 

30 
3,965 
1,882 
283 
474 

6,634 

% of All Land Use 

5 0% 
57 2% 
27 4% 
3 8% 
7 1% 
0 2% 
0 6% 
0 0% 
14% 
5 0% 
0 3% 
0 1% 
0 2% 

8 3% 
5 3% 
0 1% 
8 4% 

59.8% 
28 4% 
4 3% 
7 1% 

% Change in 

4 9% 
19 4% 
2 1% 
3 7% 
0.0% 
0 4% 

Q 0% 
0 1% 
0 0% 
0 0% 
0 1% 
0 0% 
0 8% 
Q 0% 
0 0% 
0 0% 
5 1% 
20 q% 
2 4% 
3.7% 
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undeveloped land to a developed use. New residentid development accounted for 59.8 percent of dl 
land-use changes (+3,965 acres), followed by new commercial development (+28.4 percent; -I- 1882 

acres), new industrial development (7.1 percent; +474 acres), and new pubhc uses (4.3 percent; +283 

acres). The number of acres in transportation use (roads and transit systems and fachties) in Nameda 

Couiity &d not change at all between 1985 and 1990. Redevelopment - that is, a change from one 

developed use to another - accounted for only about four percent of land-use changes 111 Almeda 

County between 1985 and 1990 (Figure 6.1). The remaining 96 percent of land-use changes occurred 

through the development of previously undeveloped land. 

These changes had little effect on the overall pattern of land uses in Alameda County (Figure 6.2) 

Residential uses, for example, increased from 15.2 percent of all land uses and 59 9 percent of developed 

land uses ~fl 1985, to 16 percent of all land uses and 60 percent of deveIoped land uses in 1990. C o m e r -  

cid uses increased from 12.2 percent of developed uses in 1985 to 13 percent of developed uses in 1990. 

The single biggest change, of course, was in the amount of undeveloped land, which decltned from 74.2 

percent of land uses in 1985 to 92.9 percent of land uses in 1990. 

Contra Costa County experienced considerably more land-use change between 1985 and 1990 

than $Id Almeda County. Alxogether, 9,389 acres of land area in Alameda Counv changeduse between 

1985 and 1998 (Table 6.2). Except for 778 acres, all of these acreage changes mvolved the conversion of 

previously undeveloped land to a developed use. New residential development accounted for 89.9 per- 

cent of land-use changes (+7,689 acres) , followed by new public uses (10.7 percent; + 10Q6 acres). New 

commercial and mdustrial development was relatively more modest, accounting for d y  3.1 percent and 

.3 percent, respectively, of Contra Costa land-use changes between 1985 and 1996 (7.1 percent; -1-474 

acre$* and new p u b k  uses (4.3 percent; +283 acres). The number of acres in transportation use (roads 

and transit systems and facilities) m Alameda County grew by 215 acres between 1985 and 1990. Rede- 

velopment accounted for about seven percent of land-use changes m Almeda County between 1985 and 
1990, with most redevelopment consisting of changes from commercial and industrial lands to residentid 

and public uses (Figure 6.3). 

Although large in absolute magmtude, these changes had little effect on the overall pattern of 

land uses in Contra Costa County (Figure 6.4) Residential uses, for example, increased from 16.6 per- 

cent of aIl land uses and 67.3 percent of developed land uses in 1985, to 18.2 percent of all land uses and 
68.7 percent of developed land uses in 1990 Commercial uses actually decreased from 8.1 percent of 

developed uses in 1985 to 7.7 percent of developed uses in 1990. Public and transportation uses stayed 

consxant as a share of developed land uses, whde fndustraal uses dechned somewhat - from 11.1 percent 

in 1085, to 10.1 percent m 1990. Changes m vacant land shares in Contra Costa between 1985 and 1990 

almost exactly matched those m next-door Alameda County, deckning from 74.2 percent of land area ~n 

1985, to 92.4 percent in 1990. 
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Table 6.2: Changes in Contra Costa County Land Use Distribution: 9985-90 
-7 

Dominant Dominant 
harad Land Use in 199Q 

Unclassified Other 

Undeveloped Residential 
Commercial 
Public 
Industrial 
Transpsrtatlron 

Wesitlentiai 

Cominercial 

Undeveloped 
Commercial 
Public 

Undeveloped 
Resrdential 
PUbllC 
Transportation 

Industrial Undeveloped 
Residential 
Public 
Transportation 

Transportation Residential 

All Lend Uses Undeveloped 
Residential 
Commercial 
Public 
Industrial 
Transportation 

Total All Changes 

30 
?,406 
264 
756 
25 
158 

54 
27 
96 

12 
62 
12 
3 

79 
111 
i 37 
5% 

5 

163 
7,689 
291 

1,006 
25 
21 5 

9,389 

% of All Land Use 
ChanaeS: 1985-SQ 

0 3% 

78 9% 
2 8% 
8 1% 
6 3% 
1 7% 

0 6% 
0 3% 
10% 

0 1% 
0 7% 
0 1% 
0 0% 
6 8% 
12% 
15% 
0 6% 

0 0% 
17% 

81 9% 
3 1% 
10 7% 
0 3% 
2 3% 

100.0% 

% Change in 

na 
8 7% 
0 3% 
0 9% 
0 0% 
0 2% 

0 0% 
0 0% 
0 1% 

0 0% 
0 0% 
0 0% 
0 0% 

0 Q% 
6 1% 
6 2% 
0 0% 
0 0% 

6 2% 
9 0% 
0 3% 
12% 
0 0% 
0 3% 

Pattcvxs of Land-Use Change in Ahrneda and Contra Costa Counties 

To what extent did the changes in land use identified above follow a pattern? In particular, how, 

if at ,all, $Lid they vary accorhng to d i s t a c e  to the nearest BART station, the nearest freeway interchange, 

or to  Oakland, the regional employment center for Alameda and Contra Costa commuters? 

Akanteda County Land-Vse Changes: Most land-use changes in Alameda County between 1985 and 1990 

occurred one to four d e s  from a BART station (‘Figure 6.5a). In a further confirmation of the findungs 
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Figure 6.5a: 
Alameda County Land Use Changes as a Funcfion sf 
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band Use Change (in Acres) 
1,400 I 

0 1 3 4 5 6 B 9 10 I 1  I 3  14 15 16 18 
Distance to the Nearest BART Station ((mites) 
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of Chapter Five, relatively hnle Iamd-we change occurred in the inundate areas Senrroundmg Ahmeda 

County BART stations. Indeed, as Figcare 6.5a shows, whether ~ Q P  d l a d  UP just vacamt land, the 
pattern of land-use change in AlmeA County between 1985 md 1990 foUowed a downward-sloping 

gracbent extenhg from 3 to 18 miles around county BART stations. 

Most land-me changes in Almeda County during this period 11nvoLved the conversion of unde- 

veloped land to residential or commercial uses. As Figure 6.5b shows, the mix of new residemtid vs. new 

comercad development did not seem to be a €unction of p r o x k t y  to a BART station Regardless of 

BART station proximity, the level of new residential development was about twice that of new commer- 

cia development. There was virtually no new commercial development on vacant sites tern or more 

miles from BART stations. 

Recent Alameda County land-use changes have been even more cuncentrated around highway 

interchanges than around BART stations. As Figure 6 6 shows, almost dl of the ]land-use changes whch 
occurred in ihlameda County between 1985 and 199Q occurred within two miles of a freeway interchange. 

This result is partidy due to the fact that Mane& County is very well sewed by freeways, and that 
freeway interchanges are closely spaced. 

A very different pattern emerges when land-use changes are compared according to &stance 

from downtown Oakland @ p - e  6.7a). MoMng outward from downtown Oa'i$and in l o - d e  hcre- 

ments, very little land-use change or vacant land development occurred within the first IO-mile ring 

(mostly because of a Back of vacmt md developable sites). About two-thirds of Alameda County land- 
use changes occurred m the IQ-to-2O-de ring, with the remaining third occurring m the 2Q-to-3O-mile 

ring. As Figure 6.7b shows, the new development &at &d occur withan 10 mles of downtown Oakland 
was almost entirely residential. Beyond 18 mdes, there was no clear pattern to the 

commercial development. 

Contra C~5h C Q U ~ Z ~ ~ :  Confirmkg the findings reported in Chapter Five, groximty to a BART station 

&d not seem to be an incentive for land-we change in Contra Costa County between 1985 md 1990 

Indeed, as Figure 6.8a shows, very little vacant land development or redevelopment occurred within a 

d e  of Contra Costa County BART stations between 1985 and 1990. Once beyond this radius, how- 

ever, the pace of land-use change accelerated, with about half of the county's lamad-use change occurring 

within a 4- to 1 2 - d e  ra&us of BART stations As in Arne& County, the Itaix between residentid and 

commercial development was unrelated to BART proximity (Figure 6.8b)). 

of residential vs 

Nor were 1985-90 land-use changes in Contra Costa C O U ~ ~  concentrated around freeway mter- 

changes - h sharp contrast to AImeda County. Indeed, as Figure 6.9a shows, about 213 of dl Contra 

Costa County land-we changes between 1985 and 1990 occurred four to ten d e s  distant from the 

closest freeway mterchange. Those few lmd-use changes that occurred mthm two &les of a freeway 
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Figure 6.6a: 
Alameda County hand Use Changes as a Function of 

Dktance to fhe Closest Freeway lnferchange: 1985-98 
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Figure 6.Sb: Alameda County Vacant 
Land Use Changes as a Function o%Dis&nce 
fa the Closest Freewzy Bnferchange: 1985-90 

Land Use Change (in Acres) 
3,500 1 
3,000 

2,500 

2,000 

1,500 

4,000 

500 

0 0 5 1 2 25 26 2% 29 SO 31 33 
Distance to the Nearest Freeway Interchange (miles) 



Land Use Change (in Acres) 
800 I 

8 1 3 4 5 6 8 3 10 I1 13 14 15 16 18 192021 23 24 25 26 2% 
Distance to Dcswnbawn Oakland (miles) 

Land Use Change (in Acres] 

800 

600 

400 

2QO 

6 
II 

0 1 3 4 5 6 8 9 1041~344?516181420212324252628 
Distance to Downtown Oakland [miles) 



Figure 6.8a: C o n h  Costa County hand Use Changes as a 
FmctiQn of Distance to the Closest BARB Station: 1985-98 
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Figure 6.86: Contra CQS~% County Vacant 
Land Use Changes as a Function ofDisfance 

to the Closest BART Station: 1985-90 
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tended ove rwhehg ly  to involve new commercial development (Figure 6.9b). More &stant land-use 

changes, by contrast, consisted h o s t  entirely of new residential development. 

The panern of land-use changes in Contra Costa County between 1985 and 1990 was also unre- 

lated to proximity to downtown Oakland (the closest point in Contra Costa County to downtown Oak- 
land is SIX i d e s  away). Moving outward from downtown Oakland in 10-mile rmgs, relatively Lttle land- 

use change or vacant land development occurred within the first 16-mile rmg (Figure 6.10a) About half 
of Contra Costa County land-use changes occurred in the 10-to-20-mle rmg, with the remarung half 

occurring 25-35 miles fram,downtown Oakland. Fmally, as Figure 6.1Ob shows, proximty to downtown 

Oakland had no effect on the m x  of commercial and residential land development 

6.2. Mode11 Specifications 

The figures shown above separately consider the effects of different factors - includmg BART 

proximity - on metropolitan land-use change. To consider them together, or in combination, requires 

the use of multi-varaate statistical models. Because we are modeling land-use changes as dscrete, we wdl 
use the same types of logit models developed in Chapter Five. 

Two types of logit models of land-use change are developed in the sections that follow (1) land- 
use change models, in whch the dependent variable measures the probabihy that a particular land-use 

polygonzo of any initial use changed use during the study period, and (11) vacant land development models, 

in which the dependent variable measures the probability that an mtially vacant land-use polygon was 

developed to some other use. The number of observations in each vacant land model IS weighted by site 

area (as represented by the size of each land-use polygon) so that the results are not domated  by changes 

to srnall s m s .  

Both types of models are binomial This means that the dependent variable takes on only two 

values, a 1 inhcating that a change of use occurred, or a 0, indicting that it did not. For each land-use 

polygon, we measured the aenal (or straught-line) &stance from the polygon centroid to the closest 

BAF:T station." AI1 else being equal, we would expect the coefficient of this variable, called BART - 
DIS'?', to be negative. That is, we would expect the probabdity that a pamcular land-use polygon would 

change use or be developed should decline as &stance to the nearest BART station increases. 

Proxmty to a BART station is but one of many determinants of land-use change. Twelve 

other variables were entered into the various models as explanatory facton They include. 

1. Ctty Isopakztton Change Between 1980 and 1985: Every land-use polygon m the sample IS 
located either in an incorporated city, or in unincorporated Alameda or Contra Costa 
County. d l  else being equal, one would expect that land-use polygons located in faster- 
growing cities to have a higher probability of being developed or changmg use, than land- 
use polygons in slower-growing cities." The mdependent variable POPCHNG percent 
measures the rate of populaxion change between 1980 and 1985 for the particular cay in 
which each Band-use polygon is located. Data on city population changes were obtained 
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from the Association of Bzy Area Governments (ABAG). Followkg our hypothesis, 
above, we would expect PQPCHNGpercmt to have a positive coefficient. 
2 City Emjdoyment Change Between 1980 and 1985: Employment growth, like population 
growth, adds to the demand for developed land. The independent variable EMPCNNe 
percent measures the rate of total employment change between I980 and 1985 €or the par- 
ticular city in whch each land-use polygon is located. Data on city employment growth 
between 1980 and 1985 was obtained from ABAG. As with PBPCHNGpercmt , we would 
expect E1MPCHNCpercent to have a positive coefficient, 
3. Czty Populatton-1985: Population growth in the Bay Area over the past three decades has 
generally favored smaller suburban cities over larger urban ones. All else bemg equal, we 
would expect land-use polygons in larger cities to be less likely to either change Band use or 
be developed than Iand-use polygons in larger cities. The independent variable CITY7’0P8.5 
measures the population as of 1985 for the particular city m which each land-use polygon is 
located. The vdues for this variable were obtained from B A G .  Following our hypothesis 
above, we would expect CITYPOP85 to have a negative coefficient. 
4. Czty EmpZ~yment-1985: How does the size of a city’s economy affect the development of 
particular sites w i t h  that city. One can theorize that the size effect - if it exists at ail - 
could be positive or negative. On the one hand, the agglomeration economes associated 
with larger employment centers should make nearby undeveloped sites more attractive, 
thereby increasing their probability of development. On the other hand, land prices in 
cities with a large empfoymenE base are likely to be higher than in cities with smaller econ- 
omes. To the extent that employers are drawn to less expensive land, the relationship 
between the size of a particular city’s employment base and the probabihty of a ‘land-use 
polygon within that city being developed may well be negative. 

A t h rd  perspective is empirical. Recent employment growth m the Bay Area has fol- 
lowed a differem spatial pattern than population growth. Like population, employment 
has been suburbmzmg. Unlike population growth, employment growth has also been 
concentrating - in so-called suburban activity centers. This suggests that there should be a 
generally positive relationship between the size of a particular city’s employment base and 
the probabdity of a land-use polygon within that city being developed, or changing use. 
The independent variable CFyEMpB5 measures the employmenE base as of 1985 for the 
particular city m which each Band-use polygon is located. As with CITYPBP8P, the values 
for this vanable were obtained from ABAG. 
5 .  Stratght-Ezne Distance to the Nearest Hzghway Interchange: Proximity to a highway i t e r -  
change is commonly regarded a key determinant of development potential, at least among 
most private developers. To test the validity of this assumption, as well as to compare it to 
the effects of BART station proximity, we measured the aerial &stance from the centroid of 
every land-use polygon to the closest freeway interchange. All else berng equal, we would 
expect the coefficient of this variable, called HWY DIST, to be negative. That is, we would 
expect the probability that a panicular land-use po7ygon would change use or be developed 
should increase as its &stance to the nearest hrghway interchange decreases. 
6. Stratghtdtne Dzstavace to BakLand: Trahtional urban economcs suggests that the demand 
for sites should be greatest near major city centers - for reasons of agglomeration and mini- 
mzed transportation costs. More recent studies have inlcated that other factors may be 
more important, and that proxirmty to a CBD may be less important.” To test the unpor- 
tance of CBD proximity, we measured the aerial distance from downtown BaMand (the 
major employment center for the Alanneda-Contra Costa metropolitan area) to the centroid 
of every land-use polygon. Consistent with theory, we would expect the coefficient of thls 
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variable, called OAK LUST, to be negative. That is, we would expect the probabihty that a 
particular land-use paygon would change use or be developed would increase as its distance 
to downtown Oakland decreases. 
7-8. lnttwl Land U5e: The likelihood that a site will change land use or be developed may 
dso depend on its hind use. Generdly speaking, we would expect undeveloped sites to be 
more likely to change use than already-developed sites. Amnonag already-developed land types, 
we hypothesize that lower-order uses (e.g, residentid) are more likely to change to lugher- 
order uses (e.g., commercial), than vice versa. To incorporate tkrs effect mto the model, we 
created two dummy variables: INIT USE-Undevdoped designates undeveloped land, and is 
set equal to 1 rf the initid land-use type is undeveloped, and to 0 if the initial use is developed. 
1saybg USE-Restdentrwl designates residential use: it is set equal to 1 if the initial land-use 

type d residential, and to 0 if the initial use is non-residential. 
9-11. Adjacemt Land Uses: All else being equal, we would expect she land uses to be strongly 
affected by the pattern of nerghborinag or adjacent uses. We would expect, for example, 
that a vacant site surrounded by residential uses would tend to be developed to residential 
use. The same would hold tme for a vacant site surrounded by commercial uses; all else 
being equal, we would expect it to be developed in colrrssnercid use. 

the proportion of adjacent initial polygon land uses in residential us;. AD] C ~ m m e ~ ~ ~ a l  
measures the proportion of adjacent itlltid polygon land uses in commercial uses. And 
ADJ Uncleweloped measures the proportion of adjacent polygon land uses not initially 
deve8oped. AH three variables vary between 0 and 1, depenchng on the anipC of adjacent uses 
(higher values inchcate a greater propomon of adjacent land uses of a particular type). 

We have no single see of expectations regarding estimated garmeter signs and values. For 
the bmomial change models, we would expect that the probabhty of a polygon Band-use 
change ~hould increase with the proportion of adjacent land uses developed in higher-order 
uses. That is, we might expecc the parameter signs associated with AD] Ressrdentul and 
ADJ - Commercul to be posieive, and greater for ABJ-Commerc2ak than Tor ADJ-Resdeaztul. 
12. kolygon .%ze: Srnder sites are easier to developp but larger sites tend to be more eco- 
nomcal to develop. The variable Polygon-Szze measures the size m square meters of each 
land-use polygon. It 1s included m the following logit models to hold constant the role of 
site size in determining patterns of land-use change and development. 

To measure this effect, we developed three index variables: ADJ Res&ntz.al measures 

6.3. MQdd 

Overall Patterns of L n d -  use Chmge 

How well do these various factors explain patterns of land-use change in Alameda and Contra 

Costa Counties? Table 6.3 presents the results of binomial logit models of Imd-use change for Nameda 

and Contra Costa Counties between 1985 and 1990. The models reported rn Table 6.3 consider all types 

of land uses, not just changes in the status of undeveloped land. The Almeda County model is based 

on 43,538 land-use polygons (of whch 1,238 or 2.8 percent changed use between 1985 and 1990), while 

the Contra Costa County model is bsed 

changed use). 

42,153 land-use polygons (of which 1,438 OH 3.4 percent 



Table 6.3: Binomial Logit Model Results for All Land Use Polygon Changes: 
1985-1 990 

Dependent Variable: 

Independent Wariables 

Jartables 
AQJ-Undeveloped 
AQJ-Residential 
ADJ-Commercial 
SITEAREA 
IPIIl’_USE-UneleveloQed 
INIT-USE-Residential 

Constant 

Qbsewatisns 
Changed 
% predicted by the madel 
BJ nckanged 
96 predicted by the model 

0 Unchanged land use - all sites 
I Changed land use - all sites 

n 
Coefficient kskt 

a00003 3474 
-0 QO027 138 69 
330E-04 5499 

-7 96E-65 17 26 
9 97E-05 7 01 
144286 7355 
-2 1856 22 94 

296349 15376 
14867 4573 
13451 2770 

-848E-06 703 
19157 16942 

-1 6683 4733 

-67431 96566 

43,538 
1,238 

$S.B% 
42,300 
81 6% 

CO€?ffkl@fIt 

Q 000075 
-0 OQ014 
-0 08003 

-0 OOQOI 
0 000045 

12128 
0 08359 

2 3045 
0 7819 

-0 2123 
-6 30E-06 
0 2703 
-1 862 

-4 5037 

42,153 
1,438 

74.8% 
40,715 
69 4% 

mt 

82.79 
150 54 
24 96 

12 50 
55 17 
4 00 
0 00 

159.60 
17 58 
0 71 
8 80 
5 59 

128 83 

676 05 

Overall, the two models ds a very good job of explaining land-use changes in both counties. 
The Alameda County model correctly predicts 85.0 percent of polygon land-use changes, wMe the 
Contra Costa model correctly predcts 74.8 percent. All of the coefficients in the Alameda County 
model and 1% of the coefficients m the Contra Costa County model were statistically significant, 
although, as we note below, not all were of the expected signs. 

Ahaxrteda Colmty: We consider the Almeda model results first. As expected, &stance to ;P BART station 
and the probabhty that a pamcular land-use polygon changed use are negatively related, as are &stance 
to a freeway interchange and the probability of land-use change This means that sites near BART sta- 

tions and freeway interchanges in Alarneda County were more likely to change land use between 1985 
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and 1990 than more &sane sites. The two coefficient estmates are hahdy equal, however: for a given 
distance, sites near freeway nmm.hangeS were 10 t h e s  more &ely to change use &an sites near BART 
stations. Somewhat contrary to expectations, distance to downtown Bddamrd was found to be positively 

related to the probabihty of a land-we change. 

h-ticdar hd-use  polygons were less likely to change we if bcated 111 larger cities, or in cities 

with economies that grew during the previous five years. Conversely, particular sites were much more 

likely to change use if located in cities with a large jobs base in 1985, or in cities that had gamed signifi- 

cant amounts of population. d l  else being equal, smaller land-use polygons were more likely to change 

use than larger ones. 
All else being equal$ undeveloped or vacant land-use polygons were more likely to change land 

uses between 1985 and 199Q. Polygons already in residential use were less likely to change use - another 

expected result. Polygons surrounded by large m o u ~ ~ t s  of undevehped land were twice as likely to 

change land me between 1985 anad 1990 zts were polygons surrounded by residential uses or comercial 

uses. The positive coefficient signs for ADJ - Resdenttak and ADJ-C~mme~tdl were expected; the p~sitive 

sign for ADJ - Undeveloped was not. All else being equal, srnder land-me polygons were somewhat more 

likely to change land use than larger ones. 

Contra Cosm County: Sites near BART stations in Contra Costa County were less ltkely to change hand 
me5 between 1985 and 1990 than. more &stant sites. This resulr &€fers markedy from that of Alameda 
County, where proximty to BART was a significant determkant of kmd-use change In most other 

respects, the results of the Contra Costa land-use change model are comparable to those of Alameda. 

All else being equal, contra Costa sates were more hkely to change land use between 1985 and 199Q if 
located m a city with a large jobs base, in a city with an expanding population, or near a highway mter- 

change. City employment growth (at least between 1980 and 1985) was not a significant predictor of 

Emd-use change - a somewhat curious result, and one that dffers from the Alameda County case, above. 

Sites closer to downtown Oakland (that is, in the western part of Contra Costa County) were slightly 
more %Ike%y to change use than more &stant sites. Srtes were &so more likely to change use if surrounded 

by wadeveloped or residentially developed land. Sites surrounded by comercnal uses were neither more 

likely or less likely to change %and use. As in Alameda County, undeveloped sites were more likely to 

change land use than residelatidy developed sites. 

P m m s  of k a n t  k n d  Dwei~pmmt 

Most of the land-use change reported for Aameda and Contra Costa Counties between 1985 and 1990 
involved the developmenr of previously undeveloped, or vacant, Ian&. Of the 1,238 land-me polygons 
that changed use in Alarrneda County between 1985 arnd 1996,1,113 (or 89.9 percent) ~ X W Q ~ V ~ C I  changes 

from an undeveloped use to a developed we. In Contra Costa County, the development of vacant sites 
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0.1 percent of site land-use changes between 1985 and 1990. To what extent are the deter- 
animrmts of undeveloped land-use change dtferent from the determinants of land-use change m general? 

Table 6.4 sumnames the results of two blnormal logit models of undeveloped land-use change for 

Alararaeda and Contra Costa Counties between 1985 and 1990. (Table 6.7 s m a r i z e s  the results of 
smdiar models for developed land-use change). As noted above, the number of observations is weighted 

by polygon size to prevent: smaller polygons from biasing the results. 

Ahme& CQUPZ~J~  The Alameda County model summarized in Table 6.4 correctly explams about two- 

thirds of the changes to vacant land-use polygons between 1985 and 1990. All of the included indepen- 

dent variables are statistically significant, and most are of the expected sign. Vacant sites in Alameda 

County were more hlcely to be developed if located in small but fast-growing cities, in cities with large 
mitid jobs bases, or located close to a BART station or freeway interchange. As in the previous sectlon, 
sites near freeway mterchanges were much more likely to be developed than sites a smilar &stance from 

BAFbT stations Also, as in the previous section, proximity EO downtown Oakland proved to be a &sin- 

centtve to development, not an incentive. Vacant sites surrounded by undeveloped uses, residential uses, 

or ccxnmercid uses were more likely to be developed than sites surrounded by other uses, and smaller 

1md-use polygons were more likely to be developed than larger ones. 

Contra Costa Cotlnty: In Contra Costa County, vacant sites near BART stations were less lekely to be 
developed between 1985 and 1996 than more &stant sites (in Alameda County, by contrast, BART- 
accessible sites were more likely to be developed). Otherwise, the results of the Contra Costa model 

parallel those of Alameda County. New development in Contra Costar County favored smaller sites; 

sites near freeways, sites m s m d ,  fast-growing cities; and sites surrounded by residential, commercial, or 

und8:veloped uses. Prowruty to downtown Oakland did not affect the probabfity that a vacant site 

would be developed one way or another. Overall, the Contra Costa County model summa&d m Table 
6.4 correctly explans 63.6 percent of the changes to vacant land-use polygons between 1985 and 1990 

Patt ems of N m  Reszdmtial Development 

En terms of land area, most new development rn California is residential development. Alto- 
geth er, 57.4 percent of undeveloped lands in Alameda County whch were developed between 1985 and 

1990 were developed to residential use. In Contra Costa, residentid development accounted for 86 

percent of vacant land-use polygon development between 1985 and 1990. To what extent does prox- 

imty to BART station explain the likelihood that a vacant site in Alanaeda or Contra Costa County 

will be developed to resdenual use a5 opposed to some other use? Table 6 5 presents the results of two 

binomial logit models of residential land-use change for Mamecia and Contra Costa Counties between 

198'5 and 1990. 
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Table 6: 4: Binomial hogit ode! Resuits for Vacant Land use Polygon Changes: 

Dependent Variabie: 0 Vacant sites only WQ land use change 
I Vacant sites only change to different use 

independent Variables 

Access Va nables 
ks??a.t 

BART-DIST -OOQOO4 34 13 0 Om028 
H W - D  I ST -080025 11301 -0 00012 
OAK-DIST 380E-04 5827 0 000012 

-8 48E-05 15 63 -0 60002 
120E-04 7 65 6 000056 
1499'19 5380 1 8473 
-2 3332 17 83 5 0415 

Site Variables 
ADJ-Undeveloped 32394 14558 5 9767 
ADJ-Residential 2287 7625 4 3173 
ADJ-Commercial 29139 6939 5 4499 
SITEAREA -7 81E-66 6 33 -8 91E-06 

Constant -5546 381 05 -7 8488 

Obsewattons 12,478 
Changed I * W 3  
% predicted by the mode! 67.8% 
Unchanged 11,365 
% predicted by the model 72 5% 

'85,973 
1 9'l 54 

65.9% 
14,819 
65 9% 

8 43 
99 33 
3 59 

45 66 
68 24 
7 72 
8 63 

269 59 
153 55 
11545 
11 48 

437 76 

Aiarnedz County. Tramsponation access h genera, andproxtmt~p, to a BAR Tstatton m p a m c d m 9  wds 

not an tncenttvefor resdentwl development m Alameda Comty between J98P and 1990. All else being 
equal, vacant land-use polygons near BART stations or freeway hterchmges were less likely to be devel- 

oped in residentid w e  than were more &stant sites. Overall, the !&.me& County model surmmatazd 

in Table 6.5 correctly predcts 84.5 percent of vacant land-we polygon conversions to residential devel- 

opment between 1985 and '1999. MI of the included independent variables are staristically srgnrficant. 

Vacant sites in N m e d a  County were more likely to be developed to residentid use id located in large or 

fast-growing cities, OH if in close proximiry to downtown OaHmd. Conversesely, vacant sites in cities with 

large m u o r  rapidly growing employment bases were less likely to be developed to residential use Not 
surprisingly, vacant sites surrounded by other undeveloped sites or by residential uses were more likely 



Table 6.5: Binomial Logit Model Results for Vacant Land Use Polygons: 
Change to Residential Use: 1985-1990 

-> - 
Deptmdent Variable: 0 Vacant sites only Non-residential land use change 

1 Vacant sites only change to residential use 

%ncfe(aendent Warrables 

City Variables 
CtTYPOP85 
CiT'BEMP85 
POfXHG% 
EMPCHG% 

Constant 

Otase 
g: h 21 R g ed 
9% predicted by the model 
Unchanged 
% predicted by the model 

Alameda 
Coefficient 

0 0001 99 
0 000565 
-8 80E-04 

5 10E-04 
-8 80E-84 
43 9257 
-a 

3 5595 
9 293 

-4 84E-05 

-6 4044 

1,113 
708 

mB6% 
405 

57 8% 

k&!t 

94 68 
48 43 
32 52 

82 61 
57 44 
42 19 
26 44 

49 81 
140 96 
146 

87 79 

0 008033 
-6 0001 

0050003548 

-0 00007 
0 000018 
-20 8288 

1 1349 

1 4554 
4 677 

3 1 1  E-85 

5 5506 

1,154 
951 

80.5% 
203 

48 8% 

k s t d  

1 88 
18 96 
0 36 

24 33 
6 79 
29 95 
6 88 

6 41 
43 23 
3 72 

17 34 

EO be developed in residential use than sites surrounded by non-residential uses. Larger vacant sites were 

less Likely to be developed in residential use than into non-residential use. 

Contra Costa County: All else being equal, vacant sites near Contra Costa County BART stations were 

somewhat less lrkely to be deweloped to restdential use than more distant sites. Proximity to a freeway inter- 

change, by contrast, had the opposite effect, the closer a site was to a freeway, the more likely it would be 

deveI oped in residential use, but Q ~ Y  very sIightly. Overall, the Contra Costa County model summanzed 

in Table 6.5 correctly predicts 79.2 percent of vacant land-use polygon conversions to residential develop- 

ment between 1985 and 1990. Residentral development in Contra Costa County between 1985 and 1990 

favoied sites in smaller cities and/or slower-growing cities - exactly the opposite result as for Alameda 

County Residentid growth En: Contra Costa County also favored sites in cities with faster-growing 
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Table 6.6: Binomial Logit MQS el ReswBtS for vacant Land use Ps%ygons: 
Change to Commercial Use: 1985-1 990 

Dependent Variable: 6 Vacant sites only Non-cornmemat land use change 
1 Vacant sites only change to commercial use 

independent Wariables 

BART-DIST 

OAK-DIST 
HW-DISB 

Constant 

Observations 
Changed 

96 predicted by the model 

?4 predicted by the model 
Unchanged 

-0 00018 
-0 00855 
1 16E-03 

-5 60E-04 
9 50E-64 
4 0  4027 

8 9a3 

3 1174 
6 453 

1 05E-05 

-2 6867 

1,743 
344 

7f .5% 
769 

72 7% 

73 87 
45 74 
41 99 

63 78 
50 $5 
23 49 
17 90 

34 5% 
114 04 

1 47 

13 54 

Coerncrent 

0 0OQ148 
0 000051 
53 878% 
-I 8787 

5 8692 
6 2034 

-1 53E-05 

-26 3825 

ksM 

3 24 
6 29 
2 86 

5 37 
z 35 

1 4  49 
3 01 

17 32 
13 53 
0 60 

20 28 

econoHXlles, and, somewhat surprisingly, cities which were closer to ~STVII~QWII OaE$md. A 1  else being 

equal, larger vacant sites were more likely to be developed t~ residentid use than smaller sites - an under- 

standable result, but one which is nonetheless at odds with previous model results whch demonstmte a 

preference for smaller sites. 



The same model performs less well m Contra Costa County, correctly explaining only 56.4 percent of 

vacant-to-commercial land-use changes A5 we note below, the two models differ 11p more than just pre- 

lctive accuracy. In both cases, the number of observations were weighted by polygon size to reduce 

potential estimating bias. 

AZanaeda County: Easy access to BART and to freeways was a significant determinant of commercial 

development patterns in adaaneda County between 1985 and 1990. AZk else betng equal, vacant land-use 
polygons near BART stattons andbeeway tntmcanges were much more lzkely to be dewZoped m commerctdl 

or indtestvtal use than more dzstant srtes. All else being equal, vacant sites m Alameda County were more 

likely to be developed in commercial use if located in cities gaming jobs, or with large numbers of jobs; 

and less likely to be developed if located in cities gaming population, or with large numbers of residents. 

Somewhat surprisingly, vacant sites closer to downtown Oakland were less likely to be commercially 

developed AU else being equal, larger sites were more likely to be deveroped to commercial use than 
smaller sites. 

C o n m  Costa County: All else being equal, vacant sites near Contra Costa County BART stations were 

f i r  less Likely to be developed in commerczak OY industrial w e  than mare lstant sites Freeway access, by 

contrast, had a positive effect on the Iikelikooci that a vacant site would be commercially developed. 

New commercial development in Contra Costa County between 1985 and 1990 followed population 

growth but not employment growth. New commercial development m Contra Costa County between 

1985 and 1990 favored sites m cities with large populations but not large economies. It also favored 

smaller sites that were closer to downtown Oakland, the region’s historical employment center. 

Patterns of Redmekopmmt 

With so much undeveloped land still avadable in Alameda and Contra Costa Counties, redevel- 

opment is relatively Infrequent. But it IS not unknown. Altogether, only 238 acres s f  developed land in 

Alameda County, and 779 acres of developed land in Contra Costa County, were redeueloped into differ- 

ent uses between 1985 and 1990. Somewhat supgrismgly, most redevelopment was from a higher-order 

use ( I Z ~ . >  industrid or commercial use) to a lower-order use (e.g., residentid).” h adameda County, for 

example, 139 acres of land were redeveloped from higher-order commercial or industrial uses to lower- 

order residential or public uses. By contrast, only 37 acres were redeveloped “upward” from residential 

to commercd or industrial uses.ts A similar pattern was evident in Contra Costa County, where 322 

acres were redeveloped “downward” as compared with only 27 acres redeveloped “upward.” 

What role, if any, does BART access play in shaping redevelopment patterns at the metropolitan 

scale? To answer this question, we developed an ordinal (binormal) logit model of redevelopment activity 

in AIameda and Contra Costa Counties between 1985 and 1990. Model results are shown in Table 6.7. 

Two types of changes were considered: (1) lower-order to higher-order land-use changes (e.g., residential 



Table 6.7: Ordinal Logit Model Results for Redeveloped Land Use Pdygon~: 

Dependent VariaQBe: 6 Redeveloped to a Iower-order land use 
1 Redeveloped to a higher-order land use 

Independent Wariabtes 

Access Variables 
BART-DIST 
HW-DIST 
OAK-DiST 

Site VsnableS 
ADJ-Residential 
ADJ-Non residentra I 
SITE-AREA 

Constant 

Observations 
Higher-order changes 
Lower order changesOrder 
% predcted by the model 

@oefhent 

-0 0806 
-0 0001 1 
4 34E-03 

-1 70E-03 
3 WE-03 
-257 9 
67 804 

7 826 
8 4539 

2 ME-85 

-7 5689 

x-23 
22 
401 

88 9% 

4 09 
64 03 
4 50 

6 44 
8 00 
6 94 
7 98 

13 35 
0 04 
0 00 

636 

-0 001 19 
-0 06283 
0 00044 

-0 00029 
64 008483 

-206 1 
60 048 

11 322 
9 408 

4 3QE-84 

-0 3916 

27% 
5 

270 
92 1% 

kst& 

2 12 
1 00 
0 25 

3 48 
2 23 
3 04 
3 32 

3 75 
2 53 
0 76 

0 80 

to commercial changes) which were coded to a value of I; and (ii) higher-order to lswer-order land-use 

changes (e.g., coxmnercid to residential changes) which were coded to ;t value of 0. Wltogether, there 

were 22 higher-order land-use changes, arad 101 lower-order land-use changes in A l m e d a  County 

bemeen 1985 and 1990. h neighboring Contra Costa County, there were only hgher-order land-use 

changes between 1985 and 1990, as ~ o m p ~ e d  with 270 lower-order land-use changes. 

Although they are based on a s m d  number of observations, overd. the models explain redevel- 

opment patterns in the two counties farrly well: the Alameda and Contra Costa models explan 87.8 
percent and 92.7 percent, respectively, of redevelopment land-use changes between 1985 and 1998, 
Froxhuty to BART (BAR T-DIS’J was a signrfiemr predxtor of lower- to hrgher-order land-use changes 

in both counties All else being equal, residential sites mearer BART statrons were more likely to be 
redeveloped to commercial arad laadustrial uses than more distant residemid sites. In neither county was 

distance to the nearest freeway interchange a significant predictor of higher-order or lower-order 
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redevelopment activity. In Alameda County, proxmity to downtown Oakland was a significant 

predictor of lower-to-higher order land-use changes 

In both counties, city size and land-use change order were inversely related. T h s  means that 

lower-order land-use changes dormnated in larger cities andor that higher-order land-use changes domi- 
nated in smdler cities. City population change and land-use change order were also inversely related. 

The size of each city’s jobs base and the Irection of job change were positively related to land-use 

change order. mgher-order redevelopment was more common in cities with large and growing jobs 

bases, while lower-order redevelopment predominated in cities with small or declmng jobs bases. 

All else being equal, redevelopment sites in Alarrmeda County surrounded by residential uses 

tended to change to higher-order uses In Contra Costa County, sites surrounded by either residential 

or comercial uses tended to change to higher-order uses. In neither county was irutid site area 

(POL. YGON-SZE) a sigmficant determinant of redevelopment activity. 

6.4. Summary 

The results of this chapter stand in marked contrast to those of Chapter Five. Whereas prox- 

imity to a BART station was found to have no effect on land-use changes near the stations themselves, 

the same measure consistently affects patterns of land-use change at the county scale The direction of 

this effect, however, seems to vary by county. 
All else being equal, the closer a particular site in Alameda county was to a BART station, the 

mom likely it was to change land use, be developed to commercial use, or be redeveloped between 1985 

and 1990. (Prowmity to BART had no effect on patterns of new residential development m Alameda 

County.) 

In Contra Costa County, by contrast, sites closer to BART stations were generally less likely to 

change use or be developed than more Istmt sites. The effect of BART proximity on Contra Costa 

County land-use changes did, however, differ by land use: sites near Contra Costa BART stations were 

more likely to be redeveioped or developed to commercial uses than more &stant sites, but less hkely to 

be developed or redeveloped into residemid use. 
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C TER SEVEN: 
Summary, Conclusions, and Policy Implications 

7.1 a Summav of Findings 
The fundamental questron underlying this research is whether urban rad transit investments 

affea. nearby property values and land uses. The answer to this question, at least for transit systems in 
Cddornia, is yes, but not consistently, not by very much, and not always in the ways people expect. 

h o m g  the specific fmdings of this research: 

1. 

2. 

3. 

4. 

5. 

Proximity to rail mass transit zs capitalized into home prices. Among 1990 Alameda County 
home sales, the price premum for single-farxlrly homes associated with (street) &stance to the 
nearest BART station was $2.39 per meter. The 1990 home sales price premum associated with 
&stance to the nearest BART station in Contra Costa County was $1.96 per meter. 

of service first and foremost. Regional systems like BART, which provide reliable, frequemt, 
and speedy service, and which serve large market areas, are more likely to generate sagruficant 
capitahation effects. Among California urban rail transit systems, the San Diego Trolley also 
falls in this category. By contrast, systems which provide limrted service, serve a llanited market, 
operate at slower speeds, or do not: help reduce freeway congestion are unlikely to generate 
significant capitalization benefits. CdTrain, and light-rail systems m San Jose and Sacramento, 
fall into this category. 
Accessibihty to rail transit 25 not consistently capitalized into commercial property values 
Measured just on the basis of price-per-square-foot of lot area, retad, office, and industrial 
properties an Alameda County near BART stations did sell at a price premium between 1988 
and 1994 Measured in constant-quahty terms, however - to control for cbfferenees in lot and 
building size - Alarneda, Contra Costa, and Sm Diego office, retad, and industrial properties 
did not sell at a premum between 1988 and 1994 compared to more dastant but otherwise 
smilar builchlngs. 
Although there Has been a significant amount of land-use change near BART stations since the 
system was first constructed, station proximty by itself does not seem to have a 1arga.n effect on 
nearby land-use patterns Various statistical models were developed to separate the effect of station 
proximty from other factors that affect station-area residential a r d o r  commercial land-use 
changes. The models were tested using data om land-use changes at nine representative BART 
stations In none of the models tested - those involvmg all land-use changes, those lrmted just to 
the development of vacant sites, or those involving specific types of vacant land changes - was 
proxlmty to a BART station found to be a sigmficant deterrmnant of land-use change. 
The same result held true for land-use changes at four (representative) San Diego Trolley stations 
between 1980 and 1994. proximity to a Trolley station w s  not found to be a significant deter- 
minant of vacant or developed land-use change. 
A more mmed result emerges if one looks at land-use changes at the county or metropolitan 
scale The closer a vacant site in Alameda County was to a BART station, the more likely it was 
to be developed in commercial or industrial use between 1985 and 1998. The opposite was true 
m Contra Costa County, where, dl else being equal, vacant sites near BART station were less 

This capitahation effect is not universal, however It depends on many things, quality 
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likely to be developed into commercial or hdust~al uses between I985 and 1990. In both 
counties, vacant sites near BART stations were less likely to be developed to resldential use - in 
the case of Contra Costa County, far less likely. 

k r o x b t y  to a BART station does appear to have a positive mfluence on redevelopment 
activity, however. d l  else bemg equal, residential sites nem BAR Tstatzores were far more likely 
to be redeveloped to commercial or industrial uses than more &stant residential sites. 

7.2. ExpEaining the Findings 

Taken together, these results seem to contradict what has become today’s conventional wisdom 

r e g a r h g  the relationships between transit facnlnties, property values, amad lmd-use patterns. The comven- 

tional wisdom is that commercial properties more than residential properties benefit from proximity to 

rapid transit stations with respect to sale prices and property values. Ths research suggests the opposite 

is true: that the accessibility advantages associated with proximity to a transit station temd to be capital- 
ized into residential property values, but not necessarily into comere id  ones. 

A second aspect of today’s conventional wisdom is that transit investments c m  encourage bene- 

ficial land-use changes at or near stations. Beneficial in ohis context IS usually taken to mean greater 
development activity (thereby reducing development pressuses h less trmsn-accessible locations), or 

greater densities (thereby substituting pedestrian and transit travel for auto travel) Ths research, 

although based on land-use changes at a relatively smdl number of stations, suggests that transit mvest- 

ments have very little m p a a  oltl nearby land-use patterns. 

We offer four possible explanations for these contra&ctions. The first two explanations are 

critiques of the models and data used. The second two explanations address issues of policy. 

The Wrong Models, Mts- Use$, a d  Baed on incomplete .Da& 

First, one mght argue thau the various statistical models from whack these results are drawn are 

incomplete, mcorporate poor measurements, or are otherwise wrongly specified. This argument may 
have some applicability t O  the models of commercial property values presented in Chapter Four; those 
models are mcomplete. With respect to the residential value and land-use change results presented in 
Chapters Three, Fivet and Six, the model results are widely consistent with the results of other, some- 

what less rigorous approaches. 

Second, one might argue that these results are based om hmted samples. The residentid prop- 

erty value analysis presented in Chapter Three, f ~ r  example, is hmted to residential sales for a smgle 

year - 1990. Conceivably, a multi-year analysis mght produce &fferent results. The commercial prop- 

erty value data presented in Chapter Four does cover multiple years, but excludes commercial properties 

m Sara Francisco. Including downtown San Francisco properties, one could argue, mght produce very 

&&rent results. The station area lmd-use change analysis presented in Chapter Five was limited to n i n e  

BART and four San Diego Trolley stations. Although we serove to make the 13 stations representative 



of their broader systems, one could argue that they are not, and that the results would have been dffer- 

ent had one looked at all stations. Finally, one rmght argue that the five-year period analyzed in Chapter 

SIX is simply too brief a peraod within which to identify long-term county or regional land-use changes. 

Although all of these arguments have some merit, the fact remains that €or the time periods and locations 

andyzed, the model results are consistent and robust. 

An Absence of Sqport tve  Land-Use P01zcze.s 
A thrd explanation is more compelling. It is that the land use and commercial property d u e  

impacts of BART and the San Diego Trolley would have been greater (than what was obsewed) if the 

development of those systems had been accompanied by supportive land use and development polrcies 

The assumption behind this explanation is that transit investments alone, in the absence of other suppor- 

tive mvestments and public policies, are mmfficient to significantly affect land-use patterns and values. 

While ths explanation may ring true, it begs the larger question of what exactly constitutes 

steppomve land-use policies. Transit-supportive land-use pohcies are like a two-sided equation. One side 

of the equation uncludes incentive policies designed to promote certain types of development near transit 

stations. hcentwe policies may include higher-use or higher-density zonmgt other specific pubhc 

rnfr,mructure mvestments, certm types of regulatory relief, joint development imtiatives, a higher level 

of urban design qualrty, and perhaps even subsidles to particular uses. With the exception of two or 

three stations (IEmbarcadero, Oakland-City Center, Walnut Creek) I the development of BART’ occurred 

in the near total absence of locally supportive land-use pohcies. Indeed, at a number of BART station 

areas, the explicit local response to BART was to prevent the development of lfferent uses or hrgher 

demities. The construction of the San Diego Trolley system, likewise, was not accompanied by m y  

significant locd land-use policy changes - except in downtown San Diego. 

The other side of the supportive land-use policy equation involves trying to prevent appropriate 

uses which would otherwise locate near transit stations from “leakmg out” to other areas. Practically 

speaking, this usually involves “down-zoning” suburban locations. A few cities have tried this with par- 

tial ‘success. San Francisco’s Downtown Plan, for example, has successfully prevented commercial and 
office uses from encroaching on residential neighborhoods; it has been less successful at focusing such 

development into the areas adjacent to transit stations. Other cities such as Oakland and El Cerrito have 

tried to restrict the development of higher-density housmg to transit corridors. The essential problem 

with these types of pohcies is that they require a tremendous (and heretofore unattanable) amount of 

mter-juris&ctional coordnnation. In the absence of such coordination, Cahfornia cities have fallen into 

the practice of competing with each other for property-tax-generating commercial deveIopments. Thus, 

policies designed to re-direct low-density development into higher-density transit corridors in City A 

usually have the effect of chverting growth from City A t0 City B, or into un~nc0rp0rated areas. 
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Related to t h s  is the fact that transit rights-of-way and stations are often located in areas which 

are not pmicularly amenable to development or redeveIopment. San Diego’s Nonh-South Trolley h e ,  

for example, is wedged between a %reeway, navd facilities, and active industrial areas. Most of the devel- 

opment which has occurred in Saxz Diego over the last 15 years has occurred in an entxely Merent area. 

BMtT suffers from a s d a r  problem over much of its right-of- way. Large portions of the Richmond- 
Fremont h e ,  for example, m n  through older industrid areas where redevelopment IS neither likely nor 

immediately feasible. 

B e  Weakmzng Transtt/Llzd- Use Connection 

A fmd explanation is that transit investments may no longer have the ability to substantially 

impact urban land-use forms or land prices. This is the explanation &at is most consistent with the fmd- 
ings of this research. It is also an explanation that many transit advocates firad difficult to accept. They 

point to stuches documenting the crucial role of rail transit investments piding the early 20th century 

development of Boston, Chicago, Odand ,  and even Los Angeles Why, they ask, should r d  transit 

have served to organize urban development patterns 70 or 80 years ago, but not have that function now? 
The answer to this question is tw0-fold. First, a far smaller percentage of today’s urbm residemts 

rely om transit than was the case even 40 years ago. With most residents preferring to travel via private 

auto - md with the private auto being a superior mode for most non-work trips - the attraction of living 
or worhng near transit (except as a means for coping with street congestion) bas steadily declined. 

Second, what is sometimes forgotten about the electric trolley systems of the early 20th century is that 

they were privately developed for the express purpose of bnngmg potential suburbanites to new subdvi- 
sions. They were riot built for the purpose of guiding redevelopment efforts or promotmg llnfill develop- 

ment. Nor were they planned and conwmmd by the public sector. The process of land acquisition, 

sublvision, site planning, and emending transit lines occurred simultaneously and usually under the 

ampices of a smgle business entity - the private land developer. Instead of local development policies 

being shaped to serve transit (as is now being suggested), transit extensions were planned in order to 

facilitate speculative development. 

7.3. P O k Y  h p l i C i 2 h X l S  

These fmdings lead to a number of significant policy conclusions The first is that it may be 
possible to widen transit’s local fundmg base through appropriately designed benefit assessment &stricts. 

We estimate, for example, that a yearly benefit-assessment fee of $50 applied to d single-fdy homes 

within a o n e - d e  radius of a B U T  station could raise as much as $4 m b o n  per year.% The key words 

here are apmpmte ly  destgnepd. Ths means conducting empsrical. research into the nature and extent of 

any transit capntalazation effect before designatmg &strict bowdaries. As m Sacramento 81- Sm Jose, 
some systems do not generate capitalrzed benefits. In other places (e.g., the Em Bay)> the benefits of 
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trar sit service are capitalized into certam types of properties but not others. hposmg a local or 

downtown transit benefit assessment district when no real benefit is conferred is the same thing as 

imposing a tax. While such mechanisms may generate adltional revenue in the short nm, in the long 

nua they have the potential to reduce property d u e s  and stifbe new development activity. 

A second policy conclusion is that, by themselves, new transit investments, no matter how well 

designed or planned, are unlikely to trigger significant chmges to nearby land-use patterns. The evidence 

doe:; not warrant counting increased development activity, more appropriate development forms, and/or 

lugher land values as benefits to be associated with new transit investments. Nor should local land-use 

planners view transit investments as likely catalysts for their redevelopment efforts. In some locations, 

and durlng some periods, transit facilities have served to encourage nearby development. The more 

general fmdling, however, is that transit investments have been largely irrelevant to nearby land-use 

parterns and changes. This suggests that the development of transit villages will requre szeable private 

investments, a long-term commitment to planning, and adltional pubhc infrastructure over md above 

the transit facilities themselves The avalability of transit service is one of the amenities that draw 

residents and employers to locate in a particular neighborhood NQ longer, however, is it the glue that 

bmds cities together. 



Appendix A: Regression Analysis of 1987 Single-Family Home Prices 
in Almeda md Sm Diego Counties 
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Appendix A: Regression Analysis of 1987 Single-Family Home PrSces 
in Aiameda and San Diego Counties (Compared to 1990 Results) 

Deptandent VariabBe SALEPRICE 

Alameda County San Diego County 
1990 Sampfe 1987 Sample 1990 Sample 1987 Sample 

Coefficient t - stat Coe fictent t - stat Coeff icient t - stat Coefficient 
W e  Chamcfe nst/cs. 

8404 3001 SQFT 11062 2748 7012 3069 9925 2397 
LOTSIZE 184 579 009 282 065 789 017 444 
BATHS 3,76888 123 6,43022 314 5,09949 131 8,13643 306 
AGE 91 63 100 41728 704 271 00 193 37908 398 
BEDRMS -5,523 37 -2 20 995 55 -0 68 -17,590 (32 -6 86 -13,323 33 -7 24 

mhborhood Cksaractesrstrcs, 
MEDINGOM 210 1202 218 1864 453 21 36 198 1390 
PdWWETE ~ -1 62 3 0 , m  84 1 73 -I,I~I 0% -I 68 39,94932 087 
PcaASlAN - -2 21 -1,092 07 -0 06 -2,405 26 -3 07 -28,63564 -0 60 
PctBLACK - -266 -14,393 70 -0 74 -1,41927 -1 54 40,647 13 0 80 
PcttHiSPN - 4 1 4  ~ -647 49449 -1 25 -11,45346 -039 
PctQWNER -57,769 56 -4 92 51,009 74 -6 33 -1,619 40 -1 1 97 -91,426 06 -1 0 25 

HVWDlST 280 230 390 522 -084 -246 -009 -024 
TRAN D I ST -229 -1050 -1 32 -902 017 236 -008 128 
HWADJ -10843 -003 4,09424 -203 -2,631 09 -047 4,81582 -1 16 
TRANADJ 5,24062 081 5,49941 156 -5,265 95 -039 1,94784 0 2  

CONSTANT 182,37687 223 -35,151 34 -1 71 109,72456 161 -24,811 70 -053 

-tionel Chamcfe K?sSt/cs 

R -squared 
0bse:wations 

0 80 
1131 

0 73 
2242 

8 73 
9328 

0 67 
1501 
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Appendix €3: Dominant Land Uses Around Nine BART Stations- 1965,1975,1990 
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Appendix C: Dominant Land Uses Around Four San Diego Trolley Stations' 1985, 1994 
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Notes 

'Or, in areas where land and constmction costs are hgh, to provide a cost-efficient alternative to freeway expanslon 
Vaterby and Heimlich defined "fast growth counties" as copul%ies that grew by 25,000 persons and 25 percent 
between the early 1970s and early 1980s 
'Vaaerby and Heimlich also noted (at 283-8349, however, that the rate of household %omtion has exceeded 
population growth rates rn recent decades. 
'The single most significant varmble in Lee's f i t  model was found to be the slmdtaneous change m development of 
the four cells contiguous to the one under mwstigation Contiguous development present at the start of the period 
was not a signafacarmt prelctor. 
'An exception is C ~ ~ V ~ P Q  and Lands (19921, and Cervero (19939 
'Sorae longitudnal studm have also been quasi-expermental That is, they have mvolved cornparBoris of price 
changes between sites nearby transportation facdittles (the " expenmental group") and those more htant (the "control 
gr011p") 
T h c  choice of facdity and approach b mostly a function of study age Older stu&es - those undertaken in the 1950s 
and 1960s - tend to focus on the mpacts of hghways, and generally take- a longaudmal approach More recent 
studies focus on t r a i t  capmhzation, and rely on hedonic models 
T h e  selected samples mduded a complete set of recorded sales durmg the Aprd-June 1990 period Excluded from the 
samples were homes that were excessively inexpensive Qess than $SO,OOO), excessively expensive (greater than 
$560,060), or excessively smdl (one bedroom or less) 
9The last year of positive house price appreciation across Callforma was 1990. Since that time, red hommg prices 
have either been flat or trendng downward (1991-921, dependmg on the spec& area 
'Wome sales were assigned to census tracts as follows. First, each home sde was "address-matched" to a street map 
using a geographic information system. Next, a map of CXRSUS tracts was O V e r l a d  on top of the street map to 
determme whch homes were in whch tracts. Ths  procedure was accomplished usmg AIQC/Info 
"h areas with mnmd turnover, housrng sdes prices are determmed at the margins accordng to transaetlons between 
a limited number of buyers and sellers In such cases, housing prices track with the I R C O ~ ~ ~  of buyers, and not 
necessarily with the incomes of msting residents 
%I Icontrast to the BART and CalTmn, the light-rad systems covered in this study were entirely mthm a single city 
limii Hence a second analysis controhg for inter-Iurrsdctiond dfferences m service quality and taxes LS not 
necessary 
'3Cormnty tax assessors generate annual estimates of commercial property values, but such estimates rarely square w t h  
marlret values In Califonua, property 1s only reassessed when it is sold, as per the provmons of Proposition 13 
"The mue of data coverage 1s much less severe at the origm end of most transit trips - typically the homebased end. 
Rders arrive at transit stations via a variety of modes (includmg private cars and buses), and often from much further 
&stances This serves to extend any capitalcation gra&ent, and makes it easier to identify with a hmted number of 
data pornts. 
"Most computer-based street maps include the left-hand-side and right-hand-side address ranges associated with each 
block or street mtersmion. For example, the address ranges coded for Elm Avenue at its intersection wth 1st Street 
would be 100 (right-hand side) and 101 (left-hand side); the address ranges for Elm Avenue at its mtersection with 2nd 
Street would be 200 and 201, respectively. A computerized address-matchrmg program places each buddng at a 
local ion by matchmg the precise buildmg address to an interpolated point between intersections comespondng to the 
buddmg address A bu;%&ng with an address of 150 Elm Street, for example, would be located on the right-band-side 
of Elm Street, halfway between 1st and 2nd Avenues. 
% o ~ h  of these operations were undertaken usmg MapInfo for Widows. 
"1965 aend photographs were undertaken in preparation of BART station constmction. 
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'Tormdly, suppose there exkt J types of possible land uses, andexed by J =  %....J A given area of land w d  be converted 
to use z if the profit (or land rent) associated with the conversion, Rt, satdies. 

b p 2  > RJ for dJ = E 

That is3 the area will be converted to the most profitable use The profit derived from each use type, Rj, 1s 
determmed by a set of attributes, XI>* . .XB> some which are observed, some of whsd are not Beclause of the 
unobserved attributes, the determanation of the land conversion IS modeled as a probabdmic process. Let Pfi{1> ...I]] 
be the probability that a site will have use i given j dternauve types of h d  use. Under the profit mamkation 
assumption noted above, t h  rn be written as. 

Economeeridiy, we consider this probability to be a function of the observed attributes Xl,..Xm. The logit model is 
a simple estmator of this function that satisfies the above assumptions See Msadden (1978) for a similar derivation 
of the logit mod4 as applied to the case of residentid location 
19As noted in Chapter Three, prowmity to a BART station adds value to homes five miles as well as 56 feet from 
BART stations. Given BAXT's broad sphered-influence with respect to home prices, might we not also expect the 
system to have a smdarly broad reach with respect to land use changed 
'08w Chapter Five, land uses were delineated ;8ec~r&ng to hectare (1oOm x 1OSm) grdce1l.s. In Chapter S i x ,  we jo'w 
adjacent hectare grid-cells of similar use into land-use pdygO8s The resdtmg polygons vary widely in shape and area, 
unlike the grid-cells upon which they are based. 
''Unlike the housmg price d y s i s  induded in Chapter Three, in which we meax.~red the road network &stance from 
each home to the closest BART station 
22At some level, this IS a simultmeom, and not a sequential relationship. That is, lmd-use polygons that change from 
undeveloped to residential use dn-edy contribute to city population growth SimJaaHgr, population growth m a city 
a& puts conversion pressures on land w i t h  city boundarm. To avoid the problem of simdtaneiv, the 
P O k W G %  and EEVIPCH-ING% variables are based on growth during the previous five years (198Q-85). 
53Heikda, et d 
"The dEtinction between higher-order uses and lower-order uses, dthough common, IS somewhat artnfnaal The idea 
of order IS based an relative land rent or profitabdky Hq$er-order uses are presumed to be more profitable per umt 
of land, and thus pay higher %and rents than lower-order uses In fact, order may depend as much on prevailing 
con&tiom in lo& red estate markets as on land use If, for example, residentid space is m short supply whle 
commercial space IS plentiful, then returns to residential space may well exceed those to commercial space 
zWith such small acreage totals mvolve$ there is a strong possibdity that at least some of the observed changes are 
really due to differences m hectare dassification bemeen the I985 and 1996 kventorigs, and not to a c t d  land use 
changes. In Contra Costa County, for example, 163 acres were reported to have been redeveloped "downward* from 
a developed to an undeveloped use. 
zbCapatal~mg thrs fee at an merest rate of five percent yields a totd value of Jl,SW Thrs is €ar less than the housing 
price p r e m u  assoaated with BART access. 
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