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Abst ract

Large scal e suburbani zati on of enpl oynent has
dramatically changed transportation and | and use pl anni ng.
| nt er subur ban commuti ng now dom nates regi onal hi ghway
networ ks, and the autonobile has replaced nmass transit for
many conmmutes. Planners' approaches to these devel opnents
vary fromthe pro-centralization approach of many
environmental i sts and transit advocates to the view that
enpl oynent subur bani zati on enhances nobility. In the mddle
are those planners who seek a geographi c match bet ween
subur ban j obs and suburban housi ng.

Thi s study exam nes one aspect of the debate on the
effects of enploynent decentralization on regional nobility:
the i npact of grow ng suburban enpl oynent on the commutes

of different incone groups. The study suggests that

subur ban enpl oynent centers with high levels of nmultifamly
housing w Il exhibit commute patterns in which househol d

i ncone and conmute distance are largely independent. In
contrast, in suburban areas where the devel opnent of dense
housi ng has not kept pace with enploynment growth, it is
hypot hesi zed that new conmute patterns are energi ng wherein
| ower incone households commute greater distances than their
upper income counterparts. This pattern would be the

reverse of the prediction of nobnocentric urban nodels for



central city enploynent.

These hypot heses are tested for San Franci sco Bay Area
communities using data from 1981 and 1989. Bivariate
anal yses generally supported the predicted effects of
comuni ty enpl oynent base and housi ng stock on conmute
patterns by incone. Nested nultinomal |ogit nodels of the
househol d residential |ocation decision were estimted for
workers in San Ranmon and in northern Santa C ara County.
The nodel s appeared to denonstrate a positive effect of the
availability of multifam |y housing on the residential
| ocation decisions of lowto noderate incone households. In
addi tion, workplace accessibility in general energed as a
powerful determ nant of residential |ocation. Forecasts of
comute patterns using the estinmated nodel s indicated a
potential for reducing |long distance commutes by |ow to
noder at e i ncone househol ds through a policy encouraging
multifam |y housing construction in the vicinity of suburban

enpl oynent centers.
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Chapter 1:

| nt roducti on and Backgr ound

The United States is a suburban nation. Metropolitan
popul ati ons outside of central cities have exceeded both the
urban and rural popul ations since 1960, and by the tinme of
the 1980 Census, Anericans living in the suburbs outnunbered
city dwellers by nearly three to two (0). Follow ng the
popul ati on, enploynent has continued to decentralize as
well. Between 1960 and 1980 nearly two thirds of
metropolitan job growmh occurred in the suburbs (Pisarsk
1987). In the ten largest U S. urbanized areas, core city
enpl oynent in 1980 accounted for only 7.4 percent of
areawi de jobs (Gordon et. al 1987b). These processes have
accel erated over the 1980's, producing an unparallel ed wave

of suburban office and service enploynent (Cervero 1989b).
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Figure 1. United States Metropolitan Popul ation, by Center
City and Non Center City Conmponents, 1950-1980 (Source:
United States Census of Popul ation)
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Figure 2: United States Metropolitan Comutes by Oigin and
Destination, 1980 (Source: Pisarski 1987)




The inplications of these trends on nmetropolitan
transportation planni ng have been substantial. Suburb-to-
suburb commutes currently outstrip both intraurban and
suburb to central city journeys to work; nationw de, a
plurality of netropolitan conmutes now begin and end outside
central cities (2). Inportantly, these suburb-to-suburb
comutes grew over 17 percent in length in just five years
bet ween 1975 and 1980 (Pi sarski 1987).

The second najor inplication of w despread enpl oynent
subur bani zati on has been a shift toward the use of the
private autonobile. Transit's node share declines sharply
w th enpl oynent suburbani zati on (Daniels 1972a, 1982b, 1981,
Pi sarski 1987) as suburban enpl oynent | ocales are virtually
i npossi ble to serve by conventional transit because of
scattered trip ends. Even ride sharing nay becone nore
difficult when increasing nunbers of people work in sites
with fewer nearby workers than in nore traditional downtown
enpl oynent settings.

Trends towards intersuburban commuting and greater
reliance on the private autonobile associated with
enpl oynent suburbani zation are not in great dispute. Mich
nmore controversial are the inplications of these trends for
transportation and | and use planning as well as for the

prospects for netropolitan areas in general. Sonme planners



contend that |arge scal e enploynent suburbanization harns
the long termviability of nmetropolitan areas by reenforcing
aut onobi | e dependency and pronoting environnent al
destruction through excess |and consunption and air
pollution (G eenbelt Alliance 1989). Bolstering the
position of central cities within netropolitan areas, under
this view, would enhance the diversity of social and
econom ¢ opportunity for both individuals and firns. The
central position of downtowns wthin netropolitan areas is
seen as a boost to overall accessibility as well,
particularly as this central |ocation supports a high node
share for mass transit.

Q hers argue precisely the opposite point of view
Enpl oynent decentralization, under this alternative
perspective, is the very force that renders |arge
metropolitan areas accessible. By elimnating the need to
comute fromthe netropolitan periphery to the central
busi ness district (CBD), enploynent suburbani zati on has kept
comut e distances in |larger urban areas fromgrow ng to
unmanageabl e proportions (Gordon et al. 1989). The
aut onobil e's node share for work trips may grow with
continui ng decentralization, but comute distances and tines
wi Il shrink.

A third point of view accepts the inevitability of



enpl oynment subur bani zation, but points to a systematic
separati on between suburban wor kpl aces and subur ban

resi dences as a continuing inpedinment to regional nobility
(Cervero 1986, 1989a, 1989b). Despite the traditional
conception of the "suburb", sonme suburban conmunities have a
| arge enpl oynent base relative to a |imted housing stock,
whil e others contain the reverse. |ntersuburban commuti ng,
now t he dom nant form of netropolitan journeys to work, is
the result. The "jobs-housing bal ance" approach seeks to
identify those economc and political forces that lead to
deficits of housing in the vicinity of suburban enpl oynent
centers, and to devel op structures for planning and

devel opnent that woul d generate a better geographic match
bet ween enpl oynent and housi ng. The geographi c mat ching
woul d presumably obviate the need for much of the

i nt er suburban conmuting that has been observed in recent

years.

Research Qbjectives

Thi s study exam nes one aspect of the debate on the
ef fects of enploynent suburbanization on regional nobility:
the i npact of grow ng suburban enpl oynent on the commutes
of different income groups. The study poses three nmjor

guestions: 1) Does suburban enpl oynent tend to favor the



commut es of one income group or another; 2) If income-
related conmute patterns are evident anbng commuters to
subur ban enpl oynent centers, is there a relationship between
observed comute patterns and characteristics of the
particul ar suburban enpl oynent center being anal yzed, and 3)
Can policies allow ng or encouragi ng devel opnment of higher
density housing in the vicinity of suburban enpl oynment
centers reduce | ong distance conmutes by |low to noderate
i ncome conmuters?

This study suggests that the growth of suburban office
and manufacturing enpl oynent of recent years has led, in
sone areas, to the emergence of new suburban commute
patterns in which | ower salaried workers conmute farther to
work than their nore highly paid counterparts. This commute
pattern is not expected to be universal, but rather to
mani fest itself in suburban areas that constitute major
enpl oynent centers and in which the | ocal housing stock has
not kept pace with the devel opnent of enploynent. In
particular, a lack of nmultifamly or other affordable
housing types in the vicinity of maj or suburban enpl oynent
centers is expected to precipitate a negative relationship
bet ween commut e di stance and househol d i ncone.

The idea that inconme patterns nmay be evident in the

suburban commute is notably controversial in the journey-to-



work literature. Gordon et. al (1987a) state: "Evidence
was presented that netropolitan di spersion reduces
congestion at the center and nakes shorter suburban

tri pmaki ng possible, indicating that decentralizing

resi dences and enpl oyers settle near each other. The sinple
i dea that the suburbani zati on of residences pronpts all or
nmost industry to follow the | abor force (as well as product
mar kets) suggests that the cited benefits of urban
decentralization are avail able across the i ncone spectrum
Subur bani zation, then, would favor all inconme classes
comuting equally...(enphasis mne)"

Gordon's conclusion would in fact fit well with earlier
enpirical studies (Kain 1962, Feldnman 1981) which showed
that commut e di stances for suburban enploynment were |argely
uncorrelated with incone. As opposed to central city
enpl oynent, which was characterized by |Iengthy commutes for
the affluent and closer-in living by the poor (Kain 1962,
Hecht 1974), commute di stances to suburban workpl aces were
found to be independent of incone, although housing
discrimnation tended to restrict blacks to central city
ar eas.

Thi s i ndependence of suburban conmute di stance from
househol d i ncome may still hold in many suburban areas of

smaller cities, in areas of |ess concentrated suburban



enpl oynent, or in areas where housi ng stocks have densified
in response to suburban enploynent gromh (e.g. Ley 1985).
But when office or high technol ogy manufacturing enpl oynment
subur bani zes nmassively w thout corresponding residential
densification nearby, conpetition for residential suburban
land may intensify to the point that | ower and noderate

i ncone househol ds are no |onger able to find pockets of

af fordabl e housing locally and are thus forced into

i ncreasi ng conmut es.

If commute patterns in fact develop largely in response
to local |and use and housi ng stock conditions, a study of
the effects of enploynment suburbanization on regional
mobility is best conducted under a fine-grained approach
t hat avoi ds bl anket statenents about suburbanization's
effects. Wthin any large netropolitan area one is likely
to find suburbs wherein the enpl oynent density rivals that
of sone central cities, as well as suburbs with virtually no
enpl oynent. Sone suburbs may have a dense housi ng stock
conprised nostly of nultifamly units, and ot hers may
average one hone to the acre. |Intersuburban incone
variations may be no |l ess than the gaps found between city
and suburb. The nature of the suburban enpl oynent base
vari es between heavy industry with serious | ocal

environnental effects, to relatively non-polluting industry,



to office and service sector enploynent.
The hypot heses of this study are stated in |Iight of

this diversity of suburban conditions:
Hypot hesi s #1. I n suburban areas contai ni ng
concentrat ed~enpl oynent but low levels of nultifamly
or other dense housing forms, higher incone househol ds

will tend to live nearer to work than | ower incone
househol ds.

Hypot hesi s #2: |In suburban areas contai ni ng
concentrated enploynent and high levels of multifamly
or other dense housing forns, commute distances wll be

i ndependent of househol d incone, or may be positively
associ ated with household incone (i.e., upper inconme
househol ds commute farther).

Hypot hesis #3: The availability of multifam |y housing
in a suburban community increases the chances of a | ow
to noderate income household selecting that conmunity.
Hypot hesis #4: Increased availability of nultifamly
housing in the vicinity of suburban enpl oynent centers

can stem sone | ong di stance comuting by low to
noder at e i ncome househol ds.

These hypot heses are explored in four steps. The study
initially exam nes San Franci sco Bay Area comrunities for
differences in enploynent and housi ng stock conditions.

Then, incone-rel ated suburban conmute patterns are anal yzed
t hrough a descriptive analysis of dissaggregate conmute and

| ocation data for the San Francisco Bay Area in 1981 and San

'No theoretical dividing |ines between "sparse" and
"concentrated" suburban enploynment, or "low' or "high" |evels of
mul tifam |y housing, are proposed. Variations in suburban
enpl oynent | evel s and housing stock will be explored enpirically
in Chapter |V.



Ranon and northern Santa Clara County in 1989. Third,

di screte choice nodels are constructed that attenpt to
identify and neasure those aspects of househol ds and
communities that determ ne residential |ocation decisions.
The di screte choice nodels are designed in particular to
estimate the utility of the availability of nultifamly
housing in a particular community to households of |low to
noderate incone. Finally, the estimted nodels are used to
predict effects on commutes of policies encouraging
multifam |y housing devel opnent in the vicinity of suburban

enpl oynent centers.

The Di verse Suburbs: An Anal ytical Franmework

The hypot heses di scussed above suggest a classification
of suburbs according to enpl oynent and housi ng stock. Three
t ypol ogi es are suggest ed: these patterns will be referred
to as the sparse enpl oynent suburb, the | ow residenti al
density suburban enpl oynent center (or |ow density center),
and the high residentiaIEFensity subur ban enpl oynent center
(or high density center)?. The typol ogi es are not presented

as conpeting or nutually exclusive; indeed, different

’Excl uded fromthis classification would be suburbs with high
residential densities but little enploynent, and suburbs with no
enpl oynent what soever.

10



metropolitan or sub-netropolitan areas may be best

approxi mated by one or another of the nodels. |In |arger
metropolitan areas, it is reasonable to believe that the
different patterns may coexist. Myreover, the |ine between
the typologies is blurred, and none represents a perfect fit
in any area. Yet it is suggested that the interaction of
enpl oynent and housi ng stock, as described in this section,

has a significant effect on the suburban comute.

Spar se Enpl oynent Suburb

The sparse enpl oynent suburb arises where suburban
enpl oynent is insufficiently concentrated to command a | ocal
land rent premium The netropolitan rent surface is
primarily determ ned by accessibility to the concentration

of enploynent in the netropolitan center or a subcenter (3).

$ per Unit Land

Low Income  (under Urban Densities)

Middle Income

High Income

CBD A Travel Time to CBD

Figure 3: Bid Rent Curves by Incone C ass Under Sparse
Subur ban Enpl oynent

11



Subur ban enpl oynent | ocations (A) are not sufficiently
large to perturb significantly an overall negative rent
gradient fromthe center to the netropolitan periphery.

Under these conditions, if the standard assunptions of the
nmonocentric nodel hold (Al onso 1960), i.e., if the incone

el asticity of househol ds' housi ng demand exceeds the incone
elasticity of marginal commute costs, the bid rent curves of
hi gh i ncone populations will be flatter than those of | ower

i nconme groups. The resulting settlenent pattern wll be
concentric rings of increasing incone radiating outward from

the nmetropolitan center.

12



This pattern of settlenent has inportant inplications
for commutes by incone. Wth scattered enpl oynent sites
| ocated between the netropolitan center and its periphery,
both | ow and high i ncone workers nmay be expected to commute
| ong distances to a particular site, while sonme mddl e
i ncone workers may have a short conmmute (4). Thus when

suburban job sites are relatively scattered and

il Scattered Suburban Job Site

Middle Income

Figure 4. Schematic Drawi ng of Sparse Suburban Enpl oynent

i nconsequential conpared to the enpl oynent concentration at
the netropolitan center or a subregional center, nonocentric

nodel s of l|ocation would predict commute distance to these

13




centers to be largely independent of household inconme. This
prediction is not tested enpirically in this study, but
presented as background to the two alternative typol ogi es
bel ow.

In practice, this prediction of the nonocentric
approach may often be confounded by environnental effects of
di spersed suburban enpl oynent. Industrial suburbs may
suffer fromlocalized externalities of air pollution,

i ndustrial odors and noise. These effects can spur upper
i ncone househol ds who can afford nore renote housing (and
the comute it entails) to locate farther fromwork than

| ower incone households. |In these instances the expected
i ndependence between i ncone and conmute di stance nay give

way to a positive relationship.

Low Residential Density Suburban Enpl oynent Center

In contrast, consider a netropolitan area with
significant centers of suburban enploynent. No |onger are
land rents determned primarily by access to center city or
a subcenter; instead, access to mmjor suburban enpl oynent
centers (defined as |arger scale, concentrated areas of
subur ban enpl oynent) comands a rent prem um as well. I n
central cities, high priced residential |and with great

accessibility to enpl oynent concentrations tends to be
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devel oped with dense housing. |In contrast, these suburban
communities utilize their power of |and use regulation to
restrict the devel opnent of denser housing. The housing
stock remains domnantly of a large lot single famly
character, principally as an outcone of planning and public
deci si on nmaki ng processes that encourage the devel opnent of
enpl oynent whil e avoi ding the constructi on of housing
af fordable to | ocal workers (Daniel son 1976).

Where public policy prevents close-in |and from bei ng
divided in to snmaller pieces through dense forns of
residential construction, |ower incone househol ds are unabl e

to outbid higher income househol ds for residence near job

$ per Unit Land

All CBD Workers

Suburban High Income

Suburben Middle Income

Suburban Low Income

i
CBD Travel Time to CBD B

Fi gure 5: Bid Rent Curves by Incone Cass for Workers in
Low Density Centers
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centers (5) as they tend to in the central city context.
| nstead, the highest price for |and near suburban enpl oynent
centers (B) is offered by the wealthier househol ds, because
the normally steep bid rent curves of |ower inconme
househol ds have been flattened by the unavailability of
af f ordabl e housi ng near their suburban enpl oynent center.
Condi tions such as these are likely to lead to a
different relationship between commute di stance and
househol d income. Historically, mddle to upper incone
groups have accepted | onger commutes in order to enjoy
cheaper land costs. |In contrast, in the context of the | ow
residential density suburban enpl oynment center, these groups
live within several mles of suburban enpl oynent centers,
and | ow to noderate inconme househol ds opt for |onger

comutes, usually fromnore renote suburbs or exurbs, to

@E@% Suburban Employment Center

’ﬁ Single Family Housing

Figure 6: Schematic Drawi ng of Low Density Center Typol ogy
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reach affordabl e housing.

G ven high priced land in the vicinity of major
subur ban enpl oynent centers, close in affordable housing
wll generally have to built nore densely than the standard
single famly honme. Thus a pattern of |onger comrutes by
| ower incone households is precipitated |argely by I ocal
political preferences against growh in nore dense and
af f ordabl e housing types. But |ocal |and use policy is not
the sole force behind a failure of some suburban housing
stock to respond to enpl oynent devel opnent with residenti al
densification. There is nuch nore "stickiness" to the
residential property market than presuned by the standard
nmodel . Buil di ngs are anong humans' nost durabl e creations,
and the housi ng stock does not change quickly, even in
response to changed econom c conditions (Wheaton 1979).
Central cities devel oped densely for historical reasons;
when suburban |iving becane possible, the suburbs becane the
feasi ble locale for housing characterized by a single
famly, large lot style. The early devel opnent of the
suburbs in a | ow density node tended to preclude or del ay
intensification of residential devel opnent even with the
grow h of |ocal enploynent.

The hypot hesis of |ower incone workers conmuting | ong

di stances to suburban workpl aces appears to contradict some
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of the original notivations of firns in suburbanizing.

Nel son (1986) describes attributes of the desirable
comunity for back office |location; anong themis a
relatively large supply of Iow cost "starter" honmes. Yet
firms can collectively acconplish what few individual firnms
coul d have; |arge aggregations of enploynent can drive up
the cost of real estate to the point that the supply of | ow
cost hones is elimnated. The likely result is a decline in
the ready availability of |ocal |ow cost work forces; in-
comuting fromnore renote areas may result (Daniels 1981

found this for suburban London).

H gh Residential Density Suburban Enpl oynent Center

The response of local |and use policy to |arge scale
and concentrat ed enpl oynent suburbani zati on has not al ways
been to restrict housing density. A nunmber of suburban
comuni ties have responded to enpl oynent growth by all ow ng
significant residential densification and devel opnent of
multifamly housing. |In this scenario, the initial
condi tion of intense suburban enploynent is the sane as in
the I ow density center described above. The significant
difference lies in local |and use policy. In these
comunities the policy allows (or even encourages)

devel opnent of a m x of housing densities response to
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enpl oynent concentrations and rising land values (7). In
many comrunities these processes nay be a function of the
age of the community, wth ol der suburban centers containing

| arger stocks of dense housi ng.

ﬁﬂ Suburban Employment Center
i

Multifamily Housing

ﬁ Single Family Housing

Figure 7. Schematic Draw ng of Hi gh Density Center Typol ogy

Under this scenario, noderate inconme househol ds are
able to afford housing near maj or suburban enpl oynent
centers despite high land prices. In a fashion simlar to
that of the central city, the division of expensive | and

into snall units allows | ow or noderate i ncone househol ds to
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conpet e successfully with higher inconme househol ds for close
in land. This may be acconplished through the devel opnent
of multifamly housing, or potentially through single famly
housing on small lots. The result may then be a positive
associ ati on between a househol ds' incone and commute

di stances in a fashion rem niscent of the classic central
city pattern. Perhaps a likelier result, given the nature
of the suburbs and the renai ning preval ence of the single
famly home, would be a lack of significant relationship

bet ween i ncone and conmut e di st ances.

$ per Unit Land

All CBD Workers

All Suburban Workers

\ ‘

CBD  Travel Time to CBD B
Figure 8 Bid Rent Curves for Wirkers in High Density
Centers
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Under these conditions the bid rent curves of different
i ncone classes mght overlap (8), as a m x of dense and
sparse housing near the major suburban enpl oynent center (B)
woul d enabl e | ower inconme households to conpete with upper
i ncone househol ds for expensive, close in suburban | and.

The econom c condition for this overlap is the equality of
the incone elasticity of housing denmand and the incone
elasticity of marginal commuting costs. In practical terns,
the reason for the overlap is the expectation that despite
the introduction of dense, affordable housing in the
suburbs, the large ot single famly house will continue as
a mgj or suburban housing type.

For this scenario to function as described, significant
nunbers of | ow or noderate inconme households woul d have to
opt to forego the renote large lot single famly honme and
accept relatively dense living close to their worksites. In
many cases, noderate incone households may not even consi der
multifam |y nearby housing as an alternative; these
househol ds set their sights on traditional single famly
honmes, and resolve to conmute as far as necessary to reach
that goal within their budgets. The attractiveness of
multifam |y housing to | ow or noderate i ncone households is

an enpirical question that will be addressed in Chapter V.
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Organi zati on of Remai ni ng Chapters

This study is organized in three main parts. The first
part (Chapters | and Il) presents theoretical perspectives
on the effects of enploynent suburbanization on conmutes by
i ncone. The second part (Chapters IIl and IV) provides a
descriptive analysis of communities and househol ds rel evant
to this study, and the third (Chapters V and VI) descri bes
the results of a discrete choice analysis that conbines
comuni ty and househol d | evel analysis into descriptive and
predi ctive nodel s.

Chapter Il reviews sone of the recent literature on
metropolitan decentralization. The discrete choice approach
to urban nodeling is presented as a possible enpirical
bridge between differing theoretical perspectives on urban
| and use.

Chapter 11l reviews characteristics of San Franci sco
Bay Area cities and suburbs relevant to an anal ysis of
ener gi ng suburban comute patterns. These commute patterns
are analyzed in Chapter |V using data from 1981 and 1989.

Results of the nested multinomal logit nodeling are
presented in Chapter V, together with assunptions and
procedures. Chapter VI draws both statistical and policy

inplications fromthe nodels.
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Summary of Chapter |

Large scal e suburbani zati on of enpl oynent has
dramatically changed transportation and | and use pl anni ng.
| nt er subur ban commuti ng now dom nates regi onal hi ghway
networks, and the private autonobile has replaced mass
transit for many commutes. Pl anners' approaches to these
devel opnents vary fromthe pro-centralization approach of
many environnentalists and transit advocates to the view
t hat enpl oynent suburbani zati on enhances nobility. 1In the
m ddl e are those planners who seek a geographic match
bet ween suburban jobs and suburban housi ng.

The study suggests that in suburban areas where new
af f ordabl e housi ng has not kept pace with enpl oynent grow h,
new commute patterns are energi ng wherein | ower incone
househol ds commute greater distances than their upper inconme
counterparts. In contrast, it is hypothesized that suburban
enpl oynent centers that have devel oped a denser housi ng
stock in response to job growh are able to stem nmuch | ong

di stance commuting by | ow or noderate incone househol ds.
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Chapter 11:

Appr oaches to Understandi ng Metropolitan Decentralization

Many m croeconon ¢ nodels of |ocation share a conmobn
| i neage including Von Thunen's (1826) nodel of agricultural
| and use and price, Alonso's (1964) formulation of the urban
case, and Muth's (1969) extension to housing markets.
Collectively this approach will be referred to as the
"monocentric" or "classic" nodel. This literature has been
ably reviewed (e.g., Weaton 1979, Anas 1982b, Fujita 1986,
De La Barra 1989) and no attenpt will be nmade to review it
here. Rather, this chapter will focus on enpirical and
t heoretical approaches to understandi ng decentralized or
polycentric metropolitan areas. Three overall research
approaches to understandi ng these areas are di scussed here:

1) Research within the nonocentric tradition that accords

primacy to the distance-affordability tradeoff; 2)
Alternative approaches wherein the distance-affordability
tradeoff is not the driving force for urban | ocation
decisions; and 3) Discrete choice approaches to
under st andi ng | ocati onal choi ce.

Oten, in reviews of previous work, a clear line is
drawn between theoretical and enpirical studies. It is

clear that sonme research is data-based, while other studies
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are constructed on mat hematical or |ogical reasoning al one.
But this divergence is secondary to the extent to which
avai |l abl e nmet hodol ogy restricts both theoretical and
enpirical thinking on urban areas. As is discussed in this
chapter, sonewhat of a dichotony exists (e.g., Stegman 1969,
Brown 1975) between those who woul d understand urban areas
primarily in terns of the distance to work-affordability
tradeoff and those who enphasi ze other factors such as | ocal
anenities, service levels, or accessibility to non-work
travel opportunities. And, in fact, using traditional
met hodol ogi es, the concurrent analysis of these conpeting
factors has proved to be a hercul ean task (see Straszhei m
1975). As shown in this chapter, the techniques of discrete
choi ce nodel i ng, devel oped within the past tw decades,
of fer urban nodelers the opportunity to analyze concurrently
attributes of a locational choice that are particular to an
i ndividual (e.g., distance to work) with attributes that are
more commonly felt (e.g., nmunicipal service levels). 1In
this way it may be that a particul ar nmethodol ogy and

enpirical world view can bridge theoretical disputes.

Decentralized Mbdels in the Monocentric Tradition

The | and use nodel of polycentric or dispersed cities

t hat woul d have the power and intuitive appeal of the
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nmonocentric nodel has not been devel oped. To a great extent
this is attributable to the intractability of polycentricity
(Ogawa and Fujita 1980). |In order to maintain the nodel s’
theoretical el egance sone researchers continue to derive
strictly nonocentric nodels (e.g., Brown 1986, Crener 1990)
whi |l e others define dispersed or polycentric netropolitan
areas in nonocentric terns:
"To a great extent, non-CBD enpl oynent m ght be
characterized as local. By the latter | nean occurring
in such small concentrations that everyone so enpl oyed
could live adjacent to his/her workplace and i ncur no
comuting costs. Housing prices would still have to

decline fromthe CBD, of course, to conpensate CBD
comuters (Miuth 1985)."

Anot her approach to dealing with the |arge scale
vi ol ati on of the nobnocentric assunption is to add
restrictive alternative assunptions to allow for nore than
one center. In a throwback to the Hotelling s (1929) work
on commerci al | ocation, some nodel ers (Beckmann 1976, Ogawa
and Fujita 1980) restrict their prototypical city to one
dinmension. Qhers allow for only two centers (Weand 1985).
Wth the exception of Wite (1988) nobst non-nobnocentric
nodel ers ignore the question of geographic distribution of
resi dences by incone, a feature that was so prevalent in
t heir nonocentric precursors.

For Wi te, suburbanization of enploynent derives

primarily froma firms desire to |locate closer to a
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potential |abor pool than is available at a CBD | ocati on.

An enpl oyer's nove fromthe center to a non central |ocation
wll lower commuting costs (presunmably w thout affecting
residential land costs) for all potential workers who live
on the ray extending fromthe center through the new

| ocation (but on the non-CBD side of the new |l ocation). By
subur bani zing, firnms thus shrink their potential |abor pool
(comuti ng becones nore expensive for sone workers residing
on the CBD side of the ray), but potentially noderate wage
demands of workers whose commute has been i nproved.
According to the Wiite nodel, it is the smaller firns that
w || suburbani ze, and these will not agglonerate into such

| arge centers as to exhaust the |abor supply on the non-CBD
side of their ray. |In this way, circunferential comruting

wi Il be avoi ded.
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$ per Unit Land

High Income

CBD Workers

Low Income
CBD Workers

Low Income Suburban Workers

High Income Suburban Workers

B

Distance from Center

Figure 9. Bid Rent Curves with Two Incone O asses and
Subur ban Enpl oynent (White 1988)

Wi te descri bes a possi ble outcone of this nodel as
regards residential location by incone class. She assunes
that bid rent curves flatten as enpl oynent suburbani zes and
| ower incone households' bid rent curves are steeper than
t hose of higher incone households for both urban and
subur ban enpl oyed households (9). The result is a pattern

of settlenent in which incone | evels do not change

monotonically fromthe center to the periphery. |[Instead,
given two classes -- skilled and unskilled wrkers -- and
two enpl oynent |ocations -- the CBD and the suburbs --
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workers will |ocate thenselves in four concentric rings.
Starting fromthe center, these rings would be CBD enpl oyed
| ow i ncome workers, CBD enpl oyed hi gh i ncone workers,

subur ban | ow i ncone wor kers and suburban hi gh inconme

wor kers. The boundary between CBD- enpl oyed hi gh i ncone and
t he subur ban-enpl oyed | ow i ncome wor kers woul d occur at sone
point at or beyond the location (B) of the suburban

enpl oynent. These concl usi ons are dependent on her
assunptions about anmpunts of residential |and demanded by

each group at each | ocati on:

"Skilled workers' househol ds have hi gher demand for
housi ng than unskilled workers' households at any u
(di stance fromcenter), which tends to make their rent
curves flatter. However skilled workers' time is nore
val uabl e at the margin, which tends to nake their rent
of fer curve steeper. 1In general the first effect is
usual |y assuned to be nore inportant, nmaking the rent
offer curve flatter for skilled than unskilled workers

(enmphasis mne)."
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Distance from Center

——————————— Market Rent Gradient

Figure 10: Bid Rent Curves of H gh and Low I ncone CBD
Wor kers under Standard Monocentric Assunptions

Thus White restates standard nonocentric assunptions
about the relative steepness of bid rent curves (10), and
supposes a continuation of these patterns when suburban
enpl oynent is introduced. Inportantly, she explicitly
assunes no |l and use control. But it nmay be that in the
subur ban context |and use controls are in fact at the core
of the processes shaping urban form |If |land use controls
in the vicinity of suburban enpl oynent centers preclude
residential densification, it may be that | ow i ncome groups

woul d be incapabl e of outbidding higher inconme groups for
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nearby | and (assum ng no significant externalities such as
pollution or noise). |If one adds |and use control to
Wiite's nodel, the relative angles of the bid rent curves of
the two i nconme groups may change; the nodel would nore
resenble the | ow density center described in Chapter |
Leroy and Sonstelie (1983) suggest that the current
situation of transportation technology is the driving
feature behind segnentation of residential property markets
by incone. Historically, when a new, faster node appears
that is affordable for the rich but too expensive for the
poor, the incone elasticity of marginal commuting costs is
driven down for the rich. This flattens weal thy househol ds
bid rent curves and drives themto choose | ocations farther
fromenpl oynent centers than the poor. Wen that nobde
becones widely affordable (as the autonobile did in the
1950's and 1960's) the relative advantage of suburban
| ocations for the rich begins to evaporate as congestion
drives up the cost of commuting. The wealthy househol ds
then begin return to the central city, a phenonenon the
aut hors detect during the 1970's. The nodel predicts
continuing gentrification of inner city areas so long as "1)
no new, faster node of conmmuting appears, and 2) the real
mat eri al cost of car comruting continues to decline."”

The aut hors assunme a great deal of fluidity in housing
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mar kets in which housing for the poor can be transforned
into housing for the well-to-do and vice versa. Wile
gentrification of poor urban nei ghborhoods supports this
view, for the nost part the markets reveal a great deal of
inertia (Wieaton 1979). Moreover, the nodel's explanation
of areturnto the city novenent strictly in terns of the
| and-accessibility tradeoff ignores perhaps nore convincing
factors related to life cycle and cul tural preferences.
Nevert hel ess, the nodel can provide part of the answer
why many suburbs have not becone |ike the central cities of
yesteryear, with enploynent and poorer workers living in
close proximty and higher inconme commuters commuting in
fromthe outside. The autonobile has becone a very
denocratic node of travel, affordable by the vast mgjority
of households. Wth no dramatic inprovenent in conmuting
t echnol ogy, the congestion faced by all tends to steepen the
bid rent curves of the wealthy households with the highest

comuting costs, at least in the short run.
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In a related study, Boyce and Kim (1987) descri be
potentially positive effects of congestion on transportation
networ ks, pointing out that through a process of negative
f eedback, congestion can |l ead to shorter distance journeys
to work. While this assertion is correct theoretically, it
is insufficient froma policy aspect. Wose journeys to
wor k are being shortened? By |unping different groups
together with vastly differing capacities for congestion
avoi dance, Boyce and Ki m have ignored what nay be one of the
nmost significant policy inplications of suburban congestion.

Congestion will steepen bid rent curves for all comuters,
thus tending to shorten conmutes, but the greatest effect

wll be evident for those commuters with the hi ghest val ue

Low Income before Congestion

,,,,,,,,,,,,,,,,,, High Income before Congestion

$ per Unit Land

77777777 High Income after Congestion

,,,,,,,,,,,,,,,,,,,,,,,,,,, Low Income after Congestion

Distance from Center

Figure 11: Effects of Congesbion on Bid-Rent Curves of
Different |Income G oups



of commute tinme, i.e., upper inconme commuters (11).

Where Boyce and Ki m argued that congestion will lead to
shorter commutes, Beckman's (1976) nodel shows enpl oynent
subur bani zati on having the sane effects. H's work is
supported enpirically by Gordon et al. (1989) who argues
that the lack of any strong correlation between journey to
work times and city size is evidence of the beneficial
effects of decentralization. The reason that suburban
residents of larger netropolitan areas do not commute | onger
than those of smaller is that they commute largely to
decentralized jobs rather than to the hub of a vast
metropolitan area. Gordon's work raises several questions,
however. First, he relies chiefly on trip nedians rather
t han neans, w thout any exam nation of the "outliers" that
supposedly bias the neans upwards. |f, as this study
suggests, these are |largely poor and noderate inconme
famlies unable to cope with congestion by |ocating cl oser
to work, the use of the nedian ignores a nmajor equity issue.

In fact, for central city residents, commute tine does rise
in larger netropolitan areas, and Gordon's focus on suburban
comutes tends to blur this.

Mor eover, Gordon's evidence of decentralization
benefitting the larger netropolitan areas is strictly

circunstantial; he notes the phenonenon of relatively
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constant suburban commutes between different netropolitan
areas and explicitly rejects alternative expl anati ons of
peak spreading, ride sharing, constant travel budgets, and
varying | evels of highway investnent. The remaining

expl anation of decentralization is thus accepted as the
dom nant factor by default.

Finally, Gordon's focus on trip tinmes rather than
di stances nmasks the fact of transit's declining node share
as enpl oynent suburbani zes. The hi gher speed of the
autonobile relative to nost forns of public transit could
easily lead to a decline in overall average trip tinmes with
subur bani zi ng enpl oynent, even with increasing conmute
di st ances.

Mean commute tines and di stances (and for the nost
part, medians as well) grewin virtually all categories
between 1977 and 1983 despite undi sputed conti nui ng
decentralization of enploynent (Federal H ghway
Adm ni stration 1984). This was true not only for central
city residents, but for residents of the suburbs as well --
exactly the people whom enpl oynent suburbani zati on
ostensi bly benefits. The assertion that "businesses and
househol ds are not only decentralizing, they are |ocating
cl ose to each other" (Gordon 1987a) thus may not be

universally correct. Even if the hypothesis is true for
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subur ban househol ds (the subject of Gordon's study) it
appears to be false for the netropolitan area as a whol e;
| zraeli (1985) found significant positive correlation
bet ween SMSA size and nean travel distances (and tines).
Due to the aggregate nature of the analysis and a
| unpi ng together of netropolitan areas differing widely in
age, econom c environnment and housing prices, the
conclusions of Gordon et al. are specul ative and subject to
many alternative interpretations. The National Personal
Transportation Study data base they utilized was not fine-
grai ned enough even to anal yze results by i ndividual
metropolitan area, |et alone any detail ed di saggregate
anal ysis of data. Rather, the authors were forced to
anal yze broad cl asses of netropolitan areas, such as those
under 250,000 or over 3 mllion in population. Their
statenment that "suburbanization, then, would favor al
i ncone classes' commuting equally (1987a)" seens
particul arly unfounded. 1In fact no data were presented on
comut es by househol d i ncone, whether urban or suburban. It
appears that the assertion stemmed fromthe authors
theoretical approach rather than fromany enpiri cal
anal ysi s.
Pivo (1988) studied Bay Area suburban enpl oynent

concentrations for evidence of an influence on
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characteristics of the concentrations on journeys to work.
Consistent with earlier studies, he found a suburban commute
shorter than center city-directed journeys to work. The

ur ban- suburban difference in commute di stance was found to
be di chotonous rather than continuous; the hypothesis of

| ower commute di stances for suburban enpl oynent centers
farther renoved fromthe netropolitan core was rejected. On
the ot her hand, positive correlations were found between the
si ze of the suburban enpl oynent center and the distance of
the commutes of their workers; workers in |arger suburban
concentrations tended to |live farther fromwork than those
in smaller concentrations. Apparently |arger concentrations
of suburban enpl oynent becane regi onal subcenters in their
own right; when this occurred their commute patterns

started to appear nore urban.

Non Jour ney-to- Wrk Approaches

Despite the differences in the theoretical approaches
of the studies described above, they share a thread common
with the nonocentric tradition: a focus on the inportance
of the journey to work and the accessibility-affordability
tradeoff in shaping urban form Another |ine of thinking
enphasi zes alternative factors, such as nonwork travel or

muni ci pal service differentials. However, |acking the
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common accessibility-affordability theme, this literature
tends to be | ess cohesive than that emanating fromthe
nmonocentric tradition.

Anmong researchers in this non-nonocentric tradition
Ti ebout (1956) is promnent; he showed how conpetition
bet ween conmmunities within a netropolitan area represents a
mar ket for public goods w thin which individuals could
fulfill their tastes for low tax, |ow service comunities or
hi gh tax, high service communities.

Rossi (1955) wites that "previous literature...laid
heavy stress on residential nobility as a nechani sm wher eby
househol ds m nim ze their distances from pl ace of
enpl oynent ... Perhaps the stress |laid upon the 'journey-to-
wor k' expresses the fornmer inportance of this factor in days
when mass transportation was relatively poorly devel oped and
nor e expensive." Rossi thus recogni zes the potential of
transportation costs to influence service decisions, but
counts on technol ogi cal inprovenents to all but erase those
costs, at least relative to other forces. Qher researchers
finding that factors such as housi ng and nei ghbor hood
qual ity outweigh accessibility in neighborhood choice
i nclude Stegman (1969) and Hal vorson (1970).

The approach enphasi zi ng nei ghbor hood and comrunity

factors derives support from surveys (e.g., Varady 1990,
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St egman 1969) in which househol ds consistently rank factors
such as quality of schools, safety, and general appearance
of nei ghborhoods as nore inportant than workpl ace
accessibility in determning their choice of residential
| ocati on. But this relative ranking by individuals does
not necessarily inply a |l esser inportance to the price-
accessibility tradeoff in aggregate. It may be that the
| ocati on of nei ghborhoods and comrunities of particul ar
types is largely rooted in this tradeoff, even if an
i ndi vidual's choice fromanong those communities is
determned primarily by factors related to the |ocal
envi ronment .
Moreover, many of these studies conpare central city
w th suburban |iving w thout adequate nethodol ogy to account
for the qualitative differences between the two. 1In
particular, the nulticollinearity between nei ghbor hood
quality and comute distance fromcentral enploynent makes
separating out the relative effects of each factor on
residential |location decisions difficult. |In contrast,
conparisons that are largely intersuburban can allow a
cl eaner analysis of the price-accessibility tradeoff wthout
the confounding effects of the urban-suburban di chotony.
Persky (1990) argues that given the major assunptions

of the nonocentric nodel, one woul d expect suburban
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communities with high I evels of enploynent to contain nore
di verse popul ations (in incone terns) than bedroom
comunities. This is due to the expectation that the
concentration of workers in an area conbined with relatively
| ow-priced suburban | and would create residential demand by
| ower incone suburban workers eager to avoid commuting. In
subur bs of reasonable size, Persky reasons, this demand
woul d be insufficient to displace upper incone central
busi ness district commuters. He asserts "(t)hese
di fferences should hol d whatever the nature of the stock of
| ocal housing (enphasis mne)."

Usi ng data from suburban Chi cago, Persky shows no
correl ation between G ni coefficients based on community
i ncone distributions and enpl oynent per capita in these
communities. He clains that the |ack of correlation is
evi dence that the "journey-to-work approach can offer us
slight help in explaining incone inequality within and/or
bet ween suburbs. "

Persky's results may be interpreted differently. Lack
of correlation between the Gni coefficient and | oca
enpl oynent per capita is not necessarily evidence of |ack of
expl anat ory power of the "journey-to-work" approach; indeed
no journey-to-work data were included in the cal cul ati ons.

An alternative explanation is that incone diversity in
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subur ban enpl oynent centers rests upon diversity of the
housi ng stock. \Were political and planni ng processes
precl ude the devel opnent of affordabl e housing near suburban
enpl oynent centers, there is little reason to expect | ower
i ncome workers to be able to reside close to their
wor kpl aces. Persky acknow edges the potential for these
forces to constrain the diversity of |ocal housing supply
but fails to acknow edge their inplications: "...the
considerable literature on racial segregation in the suburbs
and especially that on large |ot zoning has | ong suggested
that the residential choices of |ower inconme workers have
been very nmuch constrai ned by political and soci al
processes. Still none of the above should be interpreted as
a bl anket indictnent of the journey-to-work |logic."

The fact that suburban communities nay exert strict
| and use controls that have the effect of restricting
residential densities is not an indictnment of the journey-
to-work logic. Rather, Persky is |ooking for evidence of
the price-accessibility tradeoff while not accounting for
the very inportant fact of suburban |and use controls. The
i dea that shortages of affordable housing may have been the
factor precluding the expected correlations from energing
may draw support from Cervero's (1989b) finding of severe

spatial m smatches between jobs and housing in suburban
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Chi cago, the area studied by Persky.

Q her studi es enphasi ze the inportance of accessibility
to destinations other than work. Gordon et al. (1988) point
to the increase in non-work travel between 1977 and 1983 as
i ndicating the declining inportance of the work trip. Thi s
information is useful to the extent it designed to
counteract a tendency of transportation planners to focus on
t he peak hour CBD conmute as the major object of
transportation policy. But the fact of grow ng nonwork
travel does not necessarily dimnish fromthe inportance of
wor k access in residential |ocation decisions. Nonwork
travel opportunities (e.g., shopping, school, church) tend
to be spread in a nmuch nore ubiquitous fashion over the
metropolitan area. Thus while trips to these destinations
grow, it does not follow that these trips will exert nmuch of

an i nfluence on residential choices.

The Di screte Choice Approach to Urban Mdeling

It has been suggested (Weaton 1979, Palunbo et al,
1990) that urban decentralization nodels need to fuse the
tradition of Al onso (1964) enphasizing elasticities of
comut e cost and space with that of Tiebout (1956)
enphasi zing | ocal service differentials. An enpirical study

attenpting to achieve this goal wuld have to anal yze
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jointly three sets of characteristics: 1) attributes of

i ndi vi dual househol ds such as incone; 2) attributes of
potential residential |ocations such as public service

|l evels; and 3) attributes that arise fromthe interaction of
individuals with potential |ocations, such as travel tine to
a gi ven workpl ace.

The goal of the discrete choice approach is the
nodel i ng of an individual's selection of a single choice
froma famly of alternative choices. As such, a discrete
choi ce analysis nmay nmake explicit reference both to the
characteristics of the individual as well the choices from
which he or she will select. This inportant characteristic
is an crucial difference between the discrete choice
approach and the famly of regression-based approaches which
tend to focus either on the individual or the geographic
unit, but rarely both sinultaneously.

The second najor strength of the discrete choice
nodel i ng approach is inplicit inits nanme. Traditional
regressi on approaches to urban nodeling assune that
consuners are able to choose al ong a conti nuum of
attributes. Under classical fornulations, consuners in
their locational decisions determ ne sinmultaneously the
opti mal amount of space, travel distance and urban services

and anenities. Such a procedure is a weak approxi mtion of
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reality; when a |locating household selects a particular
location it is in fact selecting a "package deal." It
selects the bundle of price, location and anenity attributes
offered by that location. Thus the discrete choice famly
of nodels offers an appealing behavioral interpretation;

the individual selects froma limted set of actual choices.
The assunption is that the observed choice was optimal for
that individual (given a budget constraint and given the set
of avail able choices), but not that the individual was able
to optimze all factors in all dinensions.

The i dea underpinning discrete choice approaches to
urban nodeling is that observed outcones, such as traffic
flows, are the result of choices made by individuals. Those
deci sions nmay pertain to | ocation, such as which house,
nei ghbor hood or comunity in which to | ocate.

Alternatively, they may center on transportation node, or in
fact any other decision anong conpeting alternatives. The
rational consuner selects the alternative fromall avail able
alternatives that maximzes his or her utility. Thus each
alternative carries a utility function for that individual
where attributes of the alternative may be positive or
negati ve argunents. Inportantly, the attributes are

bundl ed, such that decision makers choose the utility

maxi m zing alternative fromanong all avail abl e
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alternatives, rather than choosing optimal quantities for
all attributes.

Stated in mathematical terns, an alternative i is
chosen if:

UX,) > UX, for all alternatives j in C

wher e
U= Wility
X = One available alternative
X = Qher alternatives
S = A given individual decision maker

C = The set of all alternatives fromwhich individuals

choose, or "choice set."

The utility function includes as its argunents
attributes of the alternative as well as the individual
selecting or rejecting that alternative. 1In this fashion a
single utility function can describe the preferences of
di verse individual s.

This utility function is never conpletely specified.
The anal yst's know edge of the conponents of an option's
utility function is only partial, and the information
avail able to the individual nmaking the observed choice is
itself inconplete. Excluded variables and neasurenent error
further preclude precise specification of utility functions.

As a result, apparently simlar individuals facing

apparently identical choice sets are observed to nake
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varying choices. Uility functions are thus at best
specified up to an error ternm the presence of this error
term precludes any determnistic predictions about

i ndi vi dual behavior. Instead, nodels should be able to
formul ate any predictions in probabilistic terns.

Due to the practical inpossibility of specifying
conplete utility functions, the functions will have a
determ ni stic conponent which is the function of observed
attributes, and an error termwhich renders the outconmes of
a conparison of utilities uncertain. Despite this
uncertainty, the probability of a choice being sel ected
shoul d i ncrease when the determ nistic conponent of its
utility to a particular individual increases, or when the
determ nistic conponents of the utility functions of other
alternatives to that individual decrease.

It has been shown (Donencich and McFadden 1975) that
under certain assunptions regarding the distribution of the
error terns (i.e., that they are independent and identically
distributed according to the Gunbel -Wei bull distribution),
the probability that the utility of alternative X exceeds
the utilities of all other alternatives X for individual S
(i.e., the probability that X is the chosen alternative)

equal s

exp (V)
5 exp (V) for all X in the choice set (including X)
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where V = the determ ni stic conponent of a choice's
utility

whi ch constitutes the nultinom al |ogit nodel.

| ndependence fromlrrel evant Alternatives

An inportant limtation of the multinomal |ogit nodel
is its independence fromirrelevant alternatives (I1A)
assunption (Ben Akiva and Lerman 1985). The property states
that the ratio of the utilities of two alternatives is
i ndependent of the presence or absence of any other
alternative. Wen this property of the nodel does not match
reality, as is the case when there is a structure of
perceived simlarities anong the non-observed attributes of
alternatives, the nultinomal logit nodel will generate
bi ased and m sl eading results.

The classic exanple of a violation of the I1A
assunption is the "red bus-blue bus" paradox. Say a node
choi ce nodel was calibrated under nmultinomal logit with the
choi ces being autonobile and bus, with choice probabilities
for a particular individual estinmated at 0.5 for autonobile
and 0.5 for bus. |If the specification of the choice set
were not "autonobile, and bus" but "autonobile, red bus and

bl ue bus," logic would have it that the probability of that
i ndi vi dual choosing the bus node woul d not grow, since col or

is not relevant to node choice. Thus one woul d expect a

47



0.25 probability of selecting the blue bus and the sane
probability of selecting the red bus. Due to the
multinomal logit's Il A property, the predictive use of a
nodel estinmated on the sane data would yield a 0.33

probability for each of the nodes.

The Nested Multinomal Logit Model

The red bus-blue bus paradox is an extrene case of
violating the Il A assunption. But as will be shown in
Chapter V, subtler cases exist as well. In the case of this
study, it was shown that comunities can have a structure of
perceived simlarities in unobserved attributes that
preclude their nodeling through sinple multinomal |ogit.
For this reason the related technique of nested nultinom al
|l ogit analysis is enployed.

The nested nultinomal |ogit nodel seeks to determ ne
the probability of an individual selecting a particul ar
hi gher | evel choice (in this study, cluster of comrunities)
and a lower level choice within that selection (in this
study, the individual comunity). Nested nultinomal |ogit
nmodel s may find a wi de range of applications. 1In the
extrenme red bus-blue bus paradox descri bed above, an
appropriate structure would have been to create "bus" as a

hi gher | evel nest together with "autonobile.” Then a test
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coul d have been conducted to determ ne whether there were
any attributes of the red bus that led to a different
utility function fromthe bl ue.

In order to estimate this structure, the nested logit
nodel calculates two probabilities: Pj|i, or the probability
of a particular selection within a | ower |evel nest given
that the upper |evel nest has been selected, and P|i, the
probability of the selection of the upper level nest. It
can be shown (Maddal a 1983) that

Pili =exp (V,)/ = exp (V,) for all alternatives k

wi thin upper level nest j. This is equivalent to a

multinomal logit nodel for alternatives within a

particul ar nest.

P =exp (V + (1-0)1,)/ = exp (exp (V, + (1-0)I) for

all alternatives m representing the upper |evel nests.
wher e

|, =1log (= exp (V,)) for all alternatives k within

upper level nest j. This termis also called the
| ogsum of the nested multinomal |ogit nodel.

(1 - o) is an estimted paraneter of the | ogsum

The (1 - o) termranges fromO to 1 and may be treated
as an index of simlarity between elenments of the |ower
| evel nest, with elenents perceived as identical in their
unobserved attributes yielding an estimated paraneter of O.
Such should be the case, for exanple, if a nested
mul tinom al logit nodel were calibrated for the red bus bl ue

bus paradox as described above. Elenents in a |ower |evel
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nest that |lack any structure of perceived simlarity in
unobserved attributes would lead the (1-c0) termto equal
unity, in which case the nested multinomal l|ogit nodel

reduces to the sinple nultinomal |ogit nodel

Maxi mum Li kel i hood Esti mati on

Uilities of a multinomal logit (or nested nmultinom al
| ogit) nodel are nost commonly estimted through an
iterative process of maxi mum |ikelihood estimtion (ME)
MLE first constructs a |likelihood function equivalent to the
probability of observing the actual sanple results, then
uses a gradient search technique to determ ne the val ue of
the estimated coefficients at which the value of the
function, or nore particularly, its logarithm is nmaxim zed.

For exanple, assune that choice of a given conmunity is
a function of the distance of that community fromthe
i ndividual's work place and nedi an housing price in the
comunity. Gven that the individual S chose community i
we know fromthe multinomal |ogit nodel that

P(i|s) = exp(B_x DISTANCE + B _x PRICE)

(B, x DI STANCE, + 3, x PRI (Ek) for all
cities k in the choice set

°A single parameter is represented as the scalar R; the entire
set of paraneters is the vector . Estinmated paraneters are
denoted with an apostrophe (e.g. R').
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The next individual (T) was observed to choose

community h. In a simlar fashion,
P(hjt) = exp(R,_x DISTANCE + RB,_x PRICE)
5(RB, x DI STANCE, + B, x PRI CE) for all
cities k in the choice set

where 38, and 3, = coefficients to be estinmated.

The probability of selecting those two observations
together equals P(i|s) x P(h|t). Wen the probabilities of
each selection by each individual in the sanple are
simlarly conbined into a single nultiplicative function,
the result equals the probability of obtaining the actual
sanpl e. The gradi ent search technique then iteratively
determ nes those values of the two unknowns, B, and [, that
maxi m zes this likelihood function. These values then
becone the estimated utilities associated with attributes of

each of the choice set el enents.

Short si ght edness of Mil tinom al Logit

A significant weakness of the nultinomal |ogit nodel
is its presunption that individuals choose between choice
set elements wth fixed characteristics. As nultinom al
logit is not primarily an equilibriumnodel, it does not
generate internally changes in the elenents of the choice
set that mght arise fromthe processes it nodels. Rather

it generally takes attributes of the choice set as given and
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nodel s i ndi vidual choice under a particular reginme of
choices. Used in this fashion, nmultinomal logit is best
viewed as a short- to nmediumterm nodeling tool. Longer
termforecasts would require a separate nodeling of change
in the choice set elenents -- for exanple price or
congestion effects -- that may arise due to the aggregate

choi ces of many i ndividuals.

Ur ban Mbdel s Using Di screte Choice

Quigley (1985) identified three distinguishing
characteristics of the housing nmarket: a consuner selects
usual |y one and only one good out of a |arge popul ati on of
alternatives; the bundle of services provided by any one
dwelling is extrenely heterogeneous; and consuner choice
i nvol ves the selection of a price as well as the other
characteristics associated with dwellings. Wereas his
reasoning was directed to the choice of an individual
dwelling unit, it applies equally well to the selection of a
comunity in which to l[ive. These characteristics of
residential |ocation decisions nake them particularly
anenabl e to nodeling under a nultinomal logit franework.

Not surprisingly, nmultinomal |ogit has gained a great
deal of acceptance as an urban nodeling tool. Perhaps its

nmost conmbn use in the urban context is in npde choice
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nodel i ng, but a nunber of |ocational nodels have enpl oyed
the technique as well. Although none of the previously
estimated nmultinomal logit nodels of residential |ocation
were specifically designed to test hypot heses regarding
decentralized netropolitan areas, each is interesting for
the nodeling structure it adopted.

In the first major extension of the multinomal logit
nodel to the residential |ocation and nobility decision
process, Lerman (1975) nodeled jointly the residential
deci sion process in the Washington, D.C area, together with
vehi cl e ownershi p, housing type and node to work
characteristics. Lerman's approach supposed a choice
bet ween an enornous nunber of alternatives. First, his
primary geographic unit was small -- the census tract --
| eading to a very | arge nunber (145) of |ocational choi ces.

Compounded with this was his nodeling of choice between two
transportati on nodes, three auto ownership |l evels and four
housi ng types, and the nunber of possible alternatives
reached very high levels, even after elimnating sone
| ogically inplausible conbinations.

In an attenpt to deal wth the vast nunber of
alternatives, sone of Lerman's nodels were "conditional" in
that they took vehicle ownership and node to work as given,

nodel ing only residential |ocation and housing type

53



decisions. Still others nodeled all decisions together in a
joint structure. Lerman identified the joint nodels as
superior due to the |lower variance of their paraneter

esti mat es.

Lerman's work was a pioneering application of the new
technique of multinomal logit nodeling to the urban
context. But its vast nunber of alternatives and joint
structure strained the plausibility of both the Il A
assunption and any behavioral interpretation that may be
assigned to the decision nmaking process. Wile not strictly
necessary for the valid estimation of multinomal logit
nodel s, a behavioral interpretation whereby individuals are
presunmed to consider all alternatives "offered" to themis a
desirable feature that can | end credence to the paraneter
esti mat es.

In an early extention of the nested logit structure to
transportation and | and use nodeling, W.isbrod et al. (1980)
nodel ed the | ocation and accessibility choices of recently
nmovi ng housholds in the M nneapolis-St. Paul area. The
primary choice regarded the decision to nove, wth options
bei ng no nove, nove and own, and nove and rent. The second
| evel of the nodel was a joint |ocation, housing type and
auto ownership nodel, with node to work nodel ed as the third

| evel of the nested structure. The nested structure
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asssuned may have been incorrect; the coefficients of work
trip access logsumvariable within the location, housing
type and auto ownership choice nest significantly exceed
unity.

The nodel was designed to isolate the effects of
transportation versus other factors in the | ocational
deci sion of recent novers. Wrkplace access was shown to
have a strong, but not dom nant effect on residential
| ocation. Househol d conposition exhibited a stronger
i nfluence than other factors in residential |ocation
decisions; in particular, the preference of households with
children for single famly hones overshadowed factors such
as housing cost, taxes, accessibility and crine |evel.

Shin (1985) explored simlar node, auto ownership and
residential |ocation decision in a three |evel nested
structure in which residential |ocation forned the top | evel
nest, w thin which vehicle ownership decisions were nade.
The | owest |evel of the decision structure was the node to
wor k deci sion, occurring within the vehicle ownership nest.

Addi tionally, the nunber of geographic units was greatly
reduced to el even communities within Santa C ara County,
Cal i fornia.

The nested structure was an inportant inprovenent on

Lerman's joint logit nodels, and in nost cases the
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coefficient of the logsumvariable indicated the validity of
the nesting. Fromthe standpoint of this study, the nobst

i nportant | evel of the nested structure -- that representing
the | ocational choice -- lacked inportant information. Shin
estimated two | ocational nodels, one based exclusively on
dummy vari abl es for each | ocation (except one) and anot her
nodel based on attributes of the locations. Since the
nmodel s were stratified by single worker versus dual worker
househol ds, the utilities of the | ocation-specific dumy
vari ables were interpreted as revealing the preferences of
each of these groups for each possible |ocation. The nodel
when specified in this formyielded little information that
coul d not have been derived fromcrosstabul ar analysis. For
exanple the utility of a Palo Alto/Los Altos | ocation was
found to be negative for both single worker and mnul tiworker
households. It is clear that the negative aspect of this

| ocation rests on its high cost, a fact nasked by the use of
a full set of location specific dummy vari abl es.

Shin derived an alternative, nore revealing nodel of
the |l ocation decision, this tinme based on attributes of the
various communities, such as crine rate or per capita |ocal
public expenditure. He did not include any accessibility
vari abl e that woul d capture the tradeoff between | ocal costs

and service |evels and accessibility to inportant travel
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destinations, especially work. In this way he constructed
an enpirical nodel entirely in the Tiebout tradition,
ignoring the potential of the multinomal logit nodel to
fuse that approach with the one that enphases hone-work
accessibility in the |l ocational decision.

Harvey (1988) devel oped nested logit nodels of the
| ocation and nobility choices of households in Santa O ara
County. The nodeling was acconplished within a three | evel
structure of city of residence, auto ownership and node to
wor k. The sanples were extensively segnented by lifestyle
in order both to test hypotheses regarding alternative nodel
structures and to assess the effect of policy variables on
househol ds of different types. Using utilities of the
aut onobi |l e ownershi p nest as a proxy for workpl ace
accessibility, Harvey anal yzed subsanpl es based on nunber of
workers in the household. Results suggested the equal
i nportance of workplace access to both workers in two worker
househol ds.

Quigley (1985) used the nested nultinomal |ogit nodel
to exam ne the housing market in the Pittsburgh netropolitan
area. The nodel was a three |evel structure, w th housing
unit selection nodeled within a choice of nei ghborhoods.

The nei ghborhood choice was in turn nodeled within a choice

of town. The study was principally designed to denonstrate
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how using a conbi nation of the nested logit nodel and a
techni que for reducing | arge nunbers of alternatives

(di scussed in Chapter V), nodels could be estinated on the
choice of so fine grained a decision as individual dwelling
units.

One set of variables in Quigley's nodel of selection of
comunity raises questions. He defined community |evel
vari ables to be school expenditures per pupil, and public
expenditures per capita. After estimating the nodel, the
coefficients of both enmerged as negative, apparently
i nplying that househol ds prefer fewer public services over
nore services. In all likelihood, the effect captured was
the city-suburb di chotony, where both urban tax rates and
per capita spendi ng exceed those found in the suburbs. An
additional variable equalling the tax rate or nedi an
property tax bill in a conmunity may have been needed to
clarify these effects.

Anas (1982) devel oped a nodel of the Chicago area
rental market that differed fromthose referred to above in
two i nportant ways. First, the nbdel used United States
Census data aggregated into quarter square mle zones over
the Chicago netropolitan area rather than the di saggregate
househol d | evel data used in other studies. Conparisons

wi th nodel s estimated on di saggregate data reveal, according
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to Anas, a lack of bias in the aggregate nodels. Based on
these results Anas suggests that current trends towards

di saggregate analysis nay overl ook the potential for the use
of discrete choice tools in readily avail able data sources
that nmay be aggregated into relatively fine geographic
units. The second difference of Anas' work is its analysis
of both the demand and supply sides of the rental housing
market. Using a utility maxim zing nodel for househol ds and
a profit maxi m zing nodel for |andlords, Anas derived a
partial equilibriumnodel of the housing market, an
acconpl i shnent that had previously been the domain of bid
rent anal yses primarily.

Summary of Chapter |1

Theoretical and enpirical nodels of netropolitan
decentralization have been hanpered by the nat hemati cal
intractability associated with polycentricity. This
difficulty has been conpounded by enpirical approaches that
enphasi ze anal ysis of characteristics of househol ds or of
| ocations, but rarely both sinultaneously.

These factors have led to a di chotony anong urban
nodel s bet ween those enphasi zing the accessibility-
affordability tradeoff and those stressing other factors,
such as local service quality. The nultinomal |ogit nodel

because of its ability to analyze concurrently attributes of
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i ndi vidual s and of the locations fromwhich they choose, is
uni quely positioned to bridge the two traditions.

Mul tinomal logit's assunption of independence from
irrelevant alternatives represents a ngjor |imtation of the
techni que. Land use and transportati on nodel s have begun to
enploy a variant of the nultinomal |ogit nodel known as
nested logit in order to overcone this limtation. Another
limtation is the fact that logit is nost comonly used as a
non-equi li brium nodel. Because of this, any changes ari sing
in the choice set nmust typically be nodel ed separately if
the analysis is to capture long run effects of the processes

it attenpts to sinulate.
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Chapter 111:

Study Area Overvi ew and Data Sources

In Chapter | it was suggested that the relationship
bet ween househol d i ncone and conmute di stance to suburban
wor kpl aces is largely determ ned by the concentration of the
subur ban enpl oynent center and the m x of the housing stock
inits vicinity. This hypothesis is exam ned using data
fromthe nine county San Francisco Bay region. The first
hal f of this chapter presents an overview of |arge scal e Bay
Area enpl oynent, housing and transportati on congestion
patterns in order to serve as background for analysis in
| ater chapters. The second half describes the data sources
that were assenbled in order to conplete this analysis, as
well as sonme of the problens involved in data definition and

vari abl e sel ecti on.

Overvi ew of Study Area

By convention, the San Franci sco Bay Area (popul ation
5.9 mllion) consists of the nine counties bordering the San
Franci sco Bay (Figure 12), although in recent years |inkages
with bordering areas, notably Santa Cruz County and the
Central Valley, have grown as these areas have begun to

suburbani ze with Bay Area commuters (Kroll and Mrris 1988).
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The area contains three major cities. San Francisco (1990
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Figure 12: San FrEPcisco Bay RegionEI

popul ation 741,000°), located at the tip of a peninsula at
the region's center, has historically dom nated the area
economcally and culturally. During the 1980's San

Franci sco was surpassed in popul ation by San Jose (1990
popul ati on 798,000), located fifty mles to the south. The
area's third major city is Qakland (1990 popul ati on

356, 000), | ocated opposite San Franci sco on the eastern
shore of the San Franci sco Bay.

Together with the urban centers - the Bay Area cqﬂtains

maj or areas of concentrated suburbanEenploynent (13)". The
| argest of these is the "Silicon Valley" of northern Santa
Clara County, and includes the cities of Palo Alto, Muntain
Vi ew, Sunnyval e, Cupertino, Santa Clara, and M| pitas.

Q her suburban concentrations include the Bay shore

comunities of San Mateo County, San Rafael and surroundi ng

‘Map courtesy of Maps to You, Cakland, CA

*Popul ation figures are Association of Bay Area Governnents
(1989) estinmates.

*Urban" as used in this study refers to a central |ocation
within a nmetropolitan area; comunities are "suburban" when they
are peripherally located, even if they have enpl oynent |evels
rivaling those of the center cities.

'Pivo (1988) defined as a "cluster" groupings of at |east two
bui | di ngs separated by no nore than one quarter of a mle. He
identified 103 suburban office clusters in the Bay Area outside
the central business districts of San Franci sco, QGakland, and San
Jose.

64



communities in Marin County, and the Interstate 680 corridor
in Contra Costa County, consisting of Wal nut Creek and
Concord in the north, and San Ranon, Pl easanton and

Li vernore in the south.

The regi on has been shaped strongly by its topography,
notably the San Francisco Bay itself and ranges of hills
runni ng roughly parallel to the Bay shore. The region's
historic core is along the plains between the Bay and the
hills, fromVallejo in the northeast, south to San Jose and
Palo Alto, and north through San Franci sco to San Raf ael.

In recent years the role of areas beyond this inner ring has

gr own.
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Figure 13: Jobs per Square MIle by Comrunity, San Francisco
Bay Area 1990 (Source: Association of Bay Area Governnents
1990) (Wiite areas are open space or no data)

In particular, the 1980's saw a marked shift of the
di stribution of regi onwi de enpl oynent towards the eastern
Bay Area suburbs during the 1980's. 13 naps the percentage

poi nt change—~i n regi onwi de enpl oynent between 1980 and 1990

O
by community®. Cities |losing significant shares of
*The nmeasure selected for analysis in 13 -- percentage point
change in the share of regionw de enpl oynent -- overcones nuch of
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t he tendency of change neasures to overstate growh at the

peri phery. Studies of netropolitan devel opnent often anal yze

per cent age change in sone attribute by community. | nasnuch as
communities at the netropolitan fringe are smaller than those at
the center, virtually any growh translates into very high
percent age change relative to percentage growh at the center. In
contrast, under the neasure used here, growh in comunities nust
be significant relative to regi onwi de enploynment as a whole in
order for the cormmunity to be viewed as gaining inportant shares
of regi onwi de enpl oynent.
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Figure Error! Main Docunent Only.: Percent Point Change in Share
of Regi onwi de Enpl oynent by Conmunity 1980-1990, San Franci sco
Bay Area (Source: Association of Bay Area Governnents 1987,

1990)
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regi onw de enpl oynent included the central cities of San
Franci sco (dropping from 21.8 percent to 18.8 percent of
regi onwi de enpl oynent) and Oakland (from 7.2 percent to 6.3
percent) and the inner ring suburbs of San Leandro and

Ber kel ey. A conmon el enent between those | ocations dropping
in regional enploynent share is their central |ocation

within the Bay Area.
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Conversely, comunities gaining significantly in

H

H X

Figure 14: Percent Point Change in Share of Regi onw de

Enpl oyment by Community 1980-1990, San Franci sco Bay Area
(Source: Association of Bay Area Governnents 1987, 1990)
regi onal share were nore peripheral communities to the south
and east; San Jose, MIpitas and Frenmont (at the periphery
of Silicon Valley), the southern Interstate 680 corridor
communities of Livernore, Pleasanton and San Ranon, as wel |

as Concord in the northern 680 corridor (14) (Association of
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Bay Area CGovernments 1989).
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Figure 15: Percentage Point Change in Regi onw de Enpl oynent
1980-1990, Interstate 680 Corridor Communities (Source:
Associ ation of Bay Area Governnments 1987, 1990)

O the two suburban enpl oynent concentrations sel ected
for nore detailed study and nodeling -- San Ranon and
northern Santa Clara County -- San Ranon in the southern
680 corridor is the newer, having realized its nost rapid
gromh in the latter part of the 1980's (15). Much of this
growh is attributed to the devel opnent of the Bi shop Ranch
busi ness park beginning in 1984 (Sunset Devel opment Conpany

1989), as well as its attendant spinoffs.

70



In contrast, much of the enploynent growth of northern

Santa Clara County occurred during the 1970's (17).

Jobs
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Figure 16: Enploynent G owh by Conmunity, Interstate 680

Corri dor,

1975-1990 (Source: Association of Bay Area

Governments 1987, 1990)
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East of the major concentration of Silicon Valley

enpl oynent, M| pitas grew rapidly throughout the 1980's (17,
17). Thus the enploynent pattern of the Bay Area as a whol e
-- relative stability in nore devel oped enpl oynent centers

versus rapid gromh on the eastern fringes -- is mmcked in

Percent Change in Employment
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Figure 17: Five Year Percent G owth in Enploynent by Cty,
Northern Santa Clara County, 1975-1990 (Source: Association
of Bay Area Governnents 1987, 1989)



smaller scale in the Silicon Valley.

Housi ng Deficit near Suburban Empl oynment

Contiguous with nost, but not all, of these suburban
enpl oynent concentrations are areas of relatively dense
resi dences (19). Suburban concentrations of housing stock
consi IElti ng of at | east 50 percent non-single famly housing
uni ts® appear in northern Santa Clara County, at scattered

sites in San Mateo County, in San Rafael and in VAl nut
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Figure 18: Enploynent G owth by Conmunity, Northern Santa
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single fam |y attached, condom niuns, apartnents, and nobile
hones. As used in this study, multifamly housing is synonynous
with non-single famly housing.

73



Cr eek.
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Figure 19: Percent of Bay Area Housing Stock in Multifamly
Housi ng, by Community, 1989 (Source: California Departnent
of Fi nance 1989)

Not ably absent fromthis |list of suburban comunities
havi ng achi eved significant residential densification are
t he southern 680 communities of Livernore, Pleasanton and

San Ranon. The relative lack of nultifam |y housing in

t hese conmunities, given enploynment concentrations there, is
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t he product of a nunber of factors, one of which is the

| ater devel opnent of these areas as conpared with other Bay
Area suburban enpl oynent concentrations. Local policy and
politics appears to play a role in restricting residenti al
densification as well. Exanples of these policies may be
found in the San Ranon Housing Elenent (City of San Ranon,
1990). The Elenent sets as a guiding policy the devel opnent
of "small lot single famly units and single famly attached
units in order to decrease per unit land costs and provide

| ower cost single famly units.” The goal of this policy
was a nere 20 units outside of Downtown; by 1990 no units
were constructed under the policy. Policies encouraging

af f or dabl e housi ng notw t hst andi ng, hi gher density housi ng
is restricted to only one of eight planning subareas of the
comunity, the Crow Canyon area enconpassi ng San Ranon's
downt own.

San Ranon's housi ng stock was predom nantly single
famly in nature in 1989 (73 percent, or 8,450 units). But
the stock has changed significantly over the decade; in
1980 83 percent (5,689) of San Ranbn's housing units were
single famly detached (California Departnent of Finance
1989). The city may in fact be on a devel opnent path
towards a greater mx of single famly and nultifam |y

units. Thus San Ranon is not nearly an exclusive single
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famly comunity in the sense of the Bay Area's upper class
suburbs such as Piednont, Oinda or Hillsborough. But
unli ke these comunities, San Ranon has hi gh enpl oynent
| evel s. Anong those Bay Area comrunities with high density
of enpl oynent, San Ranon and its neighbors in the southern
Interstate 680 corridor have a relatively honbgeneous single
fam |y housing stock. These communities appear to have the
closest fit with the "low residential density suburban
enpl oynent center” typol ogy di scussed in Chapter |

In contrast, the other nmajor suburban concentrations --
Northern Santa Clara County, San Rafael, the Bay shore
comunities of San Mateo County, and the northern Interstate
680 corridor -- contain higher levels of multifamly
housi ng, including a nunber of conmmunities in which
multifam |y housing accounts for over half the housing
stock. These areas appear to match best the high density
center typology of Chapter |I. It should be noted that these
concentrations are older than that found in the southern
Interstate 680 corridor. It nmay be that the higher share of
multifam |y housing found there is a result of age and not
just policy; as suburban enploynent centers mature they may
tend to densify their housing stock.

The concentration of dense housing in many of the

region's suburban enpl oynment concentrations contributes to
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the attai nnent of a geographic match between jobs and
housing, and in fact nuch nore of a match has been achi eved
t han woul d have under | ower housing densities. Nonetheless,
geographic m smat ches of jobs and housing renain,
necessitating nmuch in-comuting to the suburban enpl oynent
centers. Although no standard ratio of jobs-to-housing is
general ly accepted as "bal anced,” one woul d expect to find
net in-comuting (the difference between the nunber of
comuters to a comunity and out-commuters fromthat
comunity) in any given area to be mnimzed when the ratio
of jobs to housing is in the range of 1.0 to 1.5,
representing an average of 1 to 1.5 workers per househol d.
Rati os of jobs to housing units exceeding two would
represent egregious gaps exacerbating the need for in-
comut i ng.

Much debate has centered around the issue of jobs-
housi ng i nbal ances, and particularly around the appropriate
geographic area within which a bal ance between jobs and
housing units is to be neasured. 20 presents the ratio of
jobs to housing units by community in the Bay Area, while
using the community as the unit of analysis. Thus the
severity of any geographic m smatch between jobs and housing
nmust be judged geographically by the contiguity of |arge

areas of surfeit of jobs over housing units. For exanpl e,
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the m smatch between jobs and housing is particularly severe
in northern Santa Clara County, due to the contiguity of a
nunber of comunities in which jobs exceed housing units by
a large margin.

The severest m smatches between jobs and housing units
occur in the suburbs, while the central cities of Gakland
and San Francisco hold ratios of 1.24 and 1.77, respectively
(Associ ation of Bay Area Governnents 1989, California
Depart ment of Finance 1989). Even San Francisco, the
region's central city and the site of a serious surfeit of
j obs over housing units, contains a better geographic match
bet ween jobs and housing than does northern Santa C ara

County. It is inportant to note that central cities such as
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Figure 20: Ratio of Jobs to Housing Units by Community, San
Franci sco Bay Area, 1989 (Source: Association of Bay Area
Governnents 1989, California Departnent of Finance 1990)



Cakl and and San Francisco are larger in area than nost

suburban communities; hence the jobs-housing ratio is not
directly conparable between city and suburb. However, the
contiguous area of comunities having a jobs-housing ratio
of over 2.0 in northern Santa C ara and southern San Mat eo
counties is approximately 99.8 square mles, or double the

| and area of San Franci sco.

Subur bani zi ng Congesti on

The housi ng and enpl oynent conditions descri bed above
have, not surprisingly, led to a marked increase in
congestion regionwide. This increase has been particularly
felt in the counties of Al anmeda and Contra Costa, whose
subur ban portions contain nuch of the enploynent growth
referred to above.

Congestion is a difficult phenonenon to neasure,
particularly over different areas and periods, for three
principal reasons. First, congestion is largely a matter of
perception. Its onerousness depends on the tine and pl ace
in which it occurs; people generally expect (and therefore
accept) greater delays during the journey to work than in
recreational travel, and nore in urban areas than in
suburban or rural. Second, congestion can be nmeasured in a

nunber of ways, including average speeds, niles of congested
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roadway, or vehicle hours of delay. Different neasures can
seemto exaggerate or dimnish fromthe seriousness of

wor seni ng congestion over tinme. Finally, even given a
particul ar approach to neasurenent, techniques for
measurenent are generally coarse and the nunbers they
generate should be viewed as approxi mati ons.

The California Departnment of Transportation nonitors
freeway congestion through two neasures; average daily
vehi cl es hours of delay, and mles of congested roadway.
Both of these neasures are estimted by introducing test
vehicles into the traffic streamon several different days.

The latter neasure is less sensitive to traffic vol unes and
is thus sonmewhat nore conservative; for this reason, this
measure is used in this section to track congestion's growh
in the Bay Area over the 1980's. The neasure defines as
"congested" freeway stretches on which nean speeds drop
bel ow a certain standard for 15 mnutes or nore on a typica
weekday. Perhaps in accord with deteriorating expectations
of highway service, the standard speed was | owered in 1986
from40 to 35 mles per hour. Thus information presented in
this section may slightly understate the growth in

congestion over the decade.
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Despite this downward revision in the definition
congestion regi onwi de has increased markedly since 1980

(21). From 134 directional mles of congestion in 1980, the

Directional Miles of Congestion
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Figure 21: Directional MIles of Congestion by County, San
Franci sco Bay Area, 1981-1989 (Source: California
Departnent of Transportation 1981-1989) (1985 data m ssing)
region's clogged hi ghways nearly doubl ed, reaching a peak of
250 congested directional mles in 1987. It should be noted
that the steepness of the increase does not indicate a
twofold increase in traffic vol unes over the period.

Rat her, as roadways approach capacity, deterioration in

| evel s of service occurs rapidly with increasing vehicle
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density.

The Bay Area' s peripheral counties appear to be
congesting rapidly relative to their nore centrally | ocated
counterparts. (In the cases of Al aneda and Contra Costa
Counties which contain both urban and suburban areas, growth
in congestion in the suburban regions has outpaced that in
the urban areas for all years except 1981). Santa Cara
County, already the region's congestion | eader in 1980
continued to congest rapidly over the decade.

Though the data support the prem se of grow ng suburban
congestion in Marin, Contra Costa, Al aneda and Santa C ara
counties, the congestion one woul d expect during a suburban
trip would still probably be | ess than that encountered
traversing a central city. Still, given that congestion is
largely a matter of perceptions and expectations, individual
| ocational decisions in the suburbs will be increasingly

af fected by the grow ng preval ence of suburban congesti on.

Dat a Sour ces

A test of the hypotheses stemmng fromthe relationship
of suburban comute patterns and suburban housing stock and
enpl oynent characteristics requires the assenbly of
information fromdisparate data sources. First, as the

primary unit of analysis is the household, a source of
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di saggregate household | evel data is needed that provides

i nformati on on enpl oynent, commuting, residential |ocation,
and soci oeconom ¢ characteristics such as househol d i ncone
and nunber of househol d workers. Second, since specific
hypot heses are nade regarding the effect of |ocal conditions
on individuals' commutes, a community |evel information
source is required that would include data on | ocal housing
stock and price, as well as sone neasure of |ocal anenities
or nunicipal service quality. Finally, data on commute
times and di stances are required that |ink the workpl aces of
the individual household wth potential residential
communities. This section describes the sources of these

categories of data.

Empl oyment, Commuti ng and Residential Location Data

This study relies on two information sources for
househol d |l evel data. The first is a large scale hone based
travel survey conducted throughout the Bay Area in 1981
(Metropolitan Transportation Conm ssion 1981). This source
serves two functions in this study; it enables an analysis
of broad geographic scope covering the entire San Franci sco
region, and it serves as a baseline against which changes in
| and use and transportation patterns may be conpared.

However it predated nmuch enpl oynent suburbani zation in the
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sout hern 680 corridor. For this reason, the nodeling phase
of the study relies on a workplace survey conducted in the
latter half of 1989 in selected San Ranon and northern Santa

Clara County firns.

BATS 1981 Data Set

The 1981 Bay Area Travel Survey (BATS) consisted of
7,235 hone based interviews conpleted by tel ephone using a
random digit dialing sanpling process. The geographic
coverage was the entire nine county San Franci sco Bay Area,
with half the sanple being drawn from San Franci sco
residents and the other half distributed throughout the
remai ni ng ei ght Bay Area counties proportionate to the
househol ds in the county.

The survey instrunent was virtually conplete with
regard to itens of interest (Appendix A). The question
regardi ng the household s i ncone was answered in 80 percent
of the cases, though no salary data were avail abl e on
i ndi vi dual househol d workers. | mportantly, the data are
conplete with regards to all workers in the famly;
frequently workpl ace travel surveys conducted |locally ask
about a single worker only. The study was a Bay Area w de
hone based survey; as such it did not include in-comuters

to the Bay Area, notably fromareas of the Central Vall ey.
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This in-commuting was rare in 1981 conpared to current
l evels, and its non-inclusion may not severely skew results.
The file anal yzed was an extensively cl eaned and
processed data set based on the raw BATS data (Harvey 1984)
consisting of unlinked trips by individuals. |Individuals
were first grouped into their respective househol ds using
the Paradox 3.0 rel ational database manager. The tinme and
di stance of the autonobile commute from each househol d's
home zone to the work zone of the primry worker were
mat ched t hrough queries nerging the nmain database with data
from Metropolitan Transportati on Conm ssion peak hour skim
trees. This was necessary to standardi ze conmutes and to
render them conparable; the actual trip data fromthe BATS
dat aset varied by node, route, and nunber of trip |inks

bet ween hone and wor k.

1989 Workpl ace Survey

During the latter half of 1989 a smaller scale
wor kpl ace survey was carried out to determ ne househol d
| ocation and commuti ng characteristics of enpl oyees of
sel ected maj or Bay Area enpl oyers (Appendix B). The survey
was designed with several purposes: 1. To determ ne
differences in commute patterns between enpl oyees of offices

remai ni ng in dowmntown areas and those that had relocated to
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suburban centers; 2. To exam ne factors governing an
househol d's predilection to nove given a change of workpl ace
| ocation; and 3. To allow analysis of determ nants of
suburban commuting and | ocation patterns.

The study was conducted as a workpl ace survey of major
enpl oyers (as opposed to other potential designs, such as
home based surveys) for several reasons. Mst inportant was
the desire to target certain urban and suburban areas of
| arge scale enploynent for analysis. G ven existing
resources, the nost efficient nmethod for acconplishing this
goal was to survey enployees at their place of work; a
home- based survey of simlar proportions would only have
yi el ded tiny sanples of workers at any given conmunity of
enpl oynent. Larger enployers were surveyed for simlar
considerations of efficiency. Each enployer contact
i nvol ved weeks of | ogistical arrangenent and negoti ati on;
the larger enployers were able to provide a | arger enpl oyee
sanples. Thus the current study involves a tradeoff between
freshness of the data and survey design; the 1981 Bay Area
Travel Survey provides a nore conprehensive design but would
i gnore inportant changes that occurred throughout the Bay

Area over the course of the 1980's.
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Table 1. Enpl oyees and Response Rates by Location

Useabl e

Loca- Total Surveys Surveys Response
Firm tion Enpl. Distr. Returned Rat e
Chevron SF 2,889 500 232 46. 4%
Chevron SR 3, 867 500 374 74. 8%
GE SJ 1,600 300 159 53. 0%
PGRE SF 7,500 300 175 58. 3%
Pac. Bel | SR 7,000 2, 000 1,101 55. 1%
Sun W 3, 321 300 163 54. 3%
Tandem CU 3,167 200 106 53. 0%
Tandem SC 292 50 28 56. 0%
Tandem sV 174 50 24 48. 0%
M sc*. M sc. 36
Tot al 4,200 2, 362 56. 2%
SF=San Franci sco SR=San Ranon SJ=San Jose
MW=Mount ai n Vi ew CU=Cupertino SV=Sunnyval e

*Enpl oyees of firns not working at the firns'
primary | ocation

Firms surveyed by this study are listed in 1 together
with their total enployee population on site, surveys
di stributed and response rate. This study nakes use of data
fromthe followng firns: Pacific Bell and Chevron in San
Ranon; Tandem Conputers in Cupertino, Sunnyval e and Santa
Clara; Sun Mcrosystens in Muntain View and Cener al
Electric in San Jose. Wthin firnms, enployee sanples were
generated randomy by the firnm s own managenent information
system departnents, and the surveys distributed within the
firms' internal mailing systens. The response rate of 56.2

percent, though good for a self- adm nistered survey, still
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| eaves open the possibility that systematic biases may
pervade the sanple based on the characteristics of non-
respondents. This, conbined with an oversanpling of upper
i ncone househol ds (di scussed bel ow), requires that
statistical and policy inferences based on the data be
viewed W th caution.

The sanpling frame of the 1989 survey differed fromthe
1981 BATS. First, the geographic scope was nmuch nore
limted, restricted as it was to enpl oyees in two suburban
j ob markets. Second, the survey was only designed to
i ncl ude households with at | east one enpl oyed nenber; the
unenpl oyed and retired popul ati ons were not i ncl uded.
Third, only workers of certain |arge suburban enpl oyers were
surveyed. Thus the data set is not a sanple of the
popul ati on as a whol e, but of enployees of major suburban
enpl oyers. As such, one woul d expect a higher incone

distribution in the sanple than in the popul ation at |arge.
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The incone distribution for the Santa Clara sanple is

Proportion of Sample
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Figure 22: Inconme Distribution for Northern Santa C ara
County Sanple, 1989 (x $1,000) (Median = $75,000)

presented in 21, and the slightly | ower San Ranon
distribution in 22. The expectation of a sanple incone

di stribution higher than that of the population is borne out
t hrough a conparison of sanple data with Associ ation of Bay
Area Governnents' estimates of nean househol d i nconme by
city for 1990 (1989 dollars). 1 presents the conparison for
cities (including unincorporated comunities) having 10 or
nore people in the conbined Santa O ara County-San Ranon

(unwei ghted) sanple. The greatest proportional differences
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are found in for residents of QGakland and Berkel ey,
comunities notably split between rich and poor. It is not
surprising, given denonstrated barriers to suburban

enpl oynent for lower incone inner city residents, to find a
| ack of these popul ations represented in the suburban

wor kpl ace based sanple. But for other communities as well,
mean i nconmes of the survey popul ation were consistently

hi gher than the actual estinmated househol d i ncones.
Apparently within the enployees of the firns, those with

hi gher paying jobs were nore willing to conplete and return
the survey forns. This was exacerbated by the fact that
Pacific Bell was undergoing a | abor dispute at the tine the

survey was conducted that precluded the survey's

distribution to union nenbers. |t also appears that the
enpl oyers were nore willing to distribute the surveys to
nmore highly salaried enpl oyees. The conbi nation of these

factors led to a sanple in which high income househol ds are
clearly overrepresented. As this study is especially
interested in the |ower inconme households -- the | east
represented group in the sanple -- conclusions nust be

viewed with caution.
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Tabl e 2:
Esti mat es,

Conmpari son of Sanple Mean I nconme with ABAG
by Community (1989 dollars) (Source:

Associ ation of Bay Area Governnents 1989, California
Departnent of Fi nance 1990.)

Mean
Mean | ncone, Rati o:

| ncone, ABAG Sanple to Sanpl e
Communi ty Sampl e Estimates Estinmate Si ze
ALAMEDA $68, 600 $41, 600 1.6 26
ALAMO $82, 500 $96, 000 0.9 10
ANTI OCH $72, 800 $45, 200 1.6 24
BENECI A $67, 900 $47, 900 1.4 17
BERKELEY $70, 800 $35, 900 2.0 26
CASTRO VALLEY $77, 400 $49, 300 1.6 34
CONCORD $68, 600 $46, 400 1.5 135
CUPERTI NO $70, 000 $64, 100 1.1 21
DALY CI TY $58, 000 $47, 800 1.2 14
DANVI LLE $83, 100 $80, 200 1.0 144
DUBLI N $63, 300 $51, 500 1.2 42
FAI RFI ELD $57, 000 $39, 200 1.5 10
FOSTER CI TY $86, 900 $64, 500 1.3 12
FREMONT $76, 100 $51, 700 1.5 62
HAYWARD $73, 000 $41, 300 1.8 33
HERCULES $65, 500 $62, 500 1.0 10
LAFAYETTE $82, 200 $71, 500 1.1 37
LI VERMORE $63, 900 $48, 100 1.3 42
LOS GATOS $87, 800 $66, 600 1.3 17
MARTI NEZ $74, 100 $48, 400 1.5 49
M LPI TAS $72, 700 $53, 700 1.4 11
MORAGA $72, 500 $75, 500 1.0 17
MOUNTAI N VI EW $76, 700 $46, 100 1.7 12
NEWARK $61, 900 $49, 300 1.3 13
NOVATO $79, 600 $65, 500 1.2 14
OAKLAND $69, 400 $34, 300 2.0 103
ORI NDA $97, 300 $95, 800 1.0 12
PALO ALTO $86, 500 $62, 000 1.4 21
Pl NOLE $70, 300 $51, 800 1.4 10
Pl TTSBURG $53, 100 $37, 100 1.4 21
PLEASANT HI LL $70, 000 $49, 300 1.4 35
PLEASANTON $73, 000 $55, 300 1.3 87
RI CHVOND $56, 700 $38, 000 1.5 13
SAN BRUNO $63, 500 $50, 600 1.3 10
SAN FRANCI SCO $68, 300 $43, 200 1.6 128
SAN JCOSE $69, 300 $51, 700 1.3 268
SAN LEANDRO $62, 200 $39, 800 1.6 17
SAN MATEO $72, 100 $53, 600 1.3 13
SAN RAFAEL $77, 400 $61, 600 1.3 19
SAN RAMON $73, 800 $70, 300 1.0 179
SANTA CLARA $64, 600 $49, 100 1.3 23
SUNNYVALE $92, 400 $52, 000 1.8 23
VALLEJO $58, 100 $35, 700 1.6 19
WALNUT CREEK $76, 000 $55, 900 1.4 117
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Figure 23: Inconme Distribution for San Ranon Sanple, 1989
(x $1,000) (rmedian = $65, 000)
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Anot her potential difficulty with the 1989 data lies in
the fact that both Chevron and Pacific Bell are relatively
new i n San Ranon; both firnms began operations in San Ranon
in 1984, and both transferred many enpl oyees from previous
job sites in San Francisco. Thus San Ranobn m ght be seen as
a special case of a new suburban enpl oynent center in which
comute patterns are still in a state of flux; sone |ong
comutes may renai n because househol ds have not yet had a
chance to relocate. To test for the effects of household
relocating versus staying in place, the commutes of

rel ocati ng househol ds were anal yzed in Chapter |V.

Choi ce Set Data

Many studies (e.g. Varady 1990, Shin 1985, Quigley
1985, Lerman 1975, Hal vorson 1970, Stegnan 1969) have
attenpted to neasure those characteristics of communities
that define their power to attract or repel as places for a
househol d to locate. These characteristics can generally be
broken down into four major categories: affordability,
muni ci pal service, housing characteristics and nei ghbor hood
anenities, and accessibility. Measurable variables, of
course, fail to capture the full range of comunity
characteristics relevant to the | ocating household; i nstead

t he devel opment of successful nodels relies on a snal
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handful of variables that appear to capture key factors in a
househol d' s decision. |In many cases, neasured vari abl es may
successfully serve as proxies for other unnmeasured or
unmeasur abl e characteristics.

The unit of analysis of the choice data set was the
comunity, defined as city or as unincorporated area
generally recogni zed as a community. The exception to this
was the City of San Jose, which was broken up into eight
entities because of its vast size, heterogeneity and
i nportance to the two suburban work places studied. San

Table 3: Definition of San Jose Sub-Areas for Choice Set
Devel opnent

San Jose Subar ea ZI P Codes

SJ: Al naden 95120

SJ: Al um Rock 95116, 95127, 95133,
95122

SJ: Berryessa 95131, 95132, 94134

SJ: Canbri an/ Bl ossom H | | 95118, 95119, 95123,
95124, 95136, 95139

SJ: Downt own 95110, 95112, 95113, 95126

SJ: Evergreen 95111, 95121, 95135,
95148

SJ. Westgate 95117, 95128, 95129,
95130

SJ: ZI P Code 95125 95125
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Jose was divided as described in 3 by ZIP code area.

Affordability

The goal of housing affordability nmeasures was to
represent a generalized price level for a given community
whi | e recogni zing the diversity of housing types and prices
within that community. For this reason both nedian price
per square foot (in single famly honmes) and nedi an price
per single famly home were used. An argunent may be nade
for use of either neasure. The nedian price per hone
measure captures affordability fairly well in cases where
there is relative honbgeneity of size of honmes within a
comunity, as with nmany newer suburban communiti es.

In contrast, consider the two East Bay conmunities of
Al bany and Piednont. Albany is known for its small hones;
Pi ednont for its spacious honmes. The price per square foot
of residential space between the two comunities is simlar,
but because of housing size differences between the
comuni ties, Al bany hones are affordable to households with
i ncones considerably | ower than those of Piednont residents.

In this case price per square foot fails to capture

differences in affordability, and nedian price best neasures
affordability differences between these communities. Use of

bot h neasures can account for both price and size variation
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W thin and between communities.

Both price per square foot data and nedian price data
wer e devel oped by the Center for Urban and Real Estate
Econom cs at the University of California, Berkeley, from
dat abases nmi ntai ned by the Damar Corporation, a real estate
information service. The prices used are nedian prices for
sal es occurring during the sumer of 1989.

The 1989 prices thus described are used throughout the
nodel , even for househol ds who purchased their hones
earlier. It is assuned that people purchasing hones in
earlier years faced at |east an ordinal ranking of
affordability simlar to that found in 1989. This
assunpti on appears reasonable inasnmuch as a large majority
of the honmeowners in the study (74.2 percent) were living in
homes purchased in 1980 or later. To control for the effect
of long termresidence in an inflating market, a tenure
vari abl e was tested.

It should be noted that no explicit variable is used to
represent rents for those famlies opting agai nst hone
ownership (31.1 percent of the Santa C ara County sanpl e,
and 23.8 percent of the San Ranon sanple). Rather it is
assuned that a ranking of localities on the basis of rents
woul d not be significantly different than the sane ranking

on the basis of housing price. Reliable data on rents by
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community are rare, but this assunption appears to be
supported by county | evel data collected by the Bay Area
Council. Figures in 4 reveal an r® of 0.91 between medi an

rents and nean sal es prices by county.

Table 4: Mean Sales Price for Al Honmes, and Medi an
Advertised Rents for Two Bedroom Apartnents, by County,
1989 (Source: Bay Area Council 1989a, Bay Area Counci
1989hb)

Count y Sal es Prices Rent s
San Mat eo $288, 133 $795
San Franci sco $286, 843 $950
Mari n $273, 060 $800
Santa d ara $211, 235 $700°
Contra Costa  $183, 142 $590
Al aneda $174, 444 $640°
Sonoma $151, 854 $550
Sol ano $122, 115 $448

'San Jose Area
’Sout hern Al aneda County. Qakland area
medi an rents = $630.

Muni ci pal Servi ces
Most studi es agree on the inportance of |ocal school
quality as a conponent of nunicipal service levels. But the
nmost conmmonly used neasure of quality is an input neasure
that nmay not be relevant to public perceptions of quality
differences; i.e., school spending per pupil (Lerman 1975).
Spendi ng per pupil may have little rel evance to the Bay

Area context. First, statew de school financing has evened
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out per capita spending to a large extent; in fact in sone
cases greater per capita spending may reflect a need for
nor e educational and social services in the schools and thus
woul d fail to capture perceptions of school quality.

Mor eover, househol ds have little direct perception of
spendi ng per student; they are nost likely influenced by

ot her aspects of the schools.

An out put neasure of school quality is needed that
woul d in sonme way capture public perceptions. The neasure
of school quality nost regularly cited in real estate
publications is the results of the standardi zed testing of
third, eighth and twelfth graders of the California
Assessnent Program (CAP), a program of the California
Departnent of Education. Regardless of whether standardized
testing does in fact neasure school district quality, it is
likely that publicly reported standardi zed test scores are a
reasonabl e neasure of public perceptions. Accordingly, the
school quality neasure was devel oped as follows: the CAP
generates ranks for school districts in percentile terns for
the three grades tested in a nunber of subjects; reading
and mat hematics were common to all three grades. The school
qual ity neasure was equal to the nedian percentile score of
the six scores thus generated (i.e., two subjects by three

gr ades) .

98



The primary purpose of using standardi zed test scores
as a neasure of school quality was the assunption that they
mat ched public perceptions better than alternative neasures.

A further advantage of using test scores rather than public
spendi ng per student is the fact that test scores are

readi |y di saggregated to individual schools, whereas
spendi ng nust generally be considered uniformacross a
district. This is particularly inportant when (as is usual)
school districts do not overlap the geographic units of

st udy.

Where necessary in this study, schools were
di saggregated fromtheir districts and reaggregated into the
appropriate geographic units. This was particularly
inportant in Santa Clara and Contra Costa counties, where
virtually all school districts overlap city boundaries. In
cases such as these, individual schools in a community were
i sol ated, sonetines fromthree or four school districts, and
reaggregated into a fictitious "school district"
representing all the schools in that community. The school
quality neasure then took on the value of the nedian test
score for the three grades and two subjects within that
comunity, as if it were a free standing school district.

In the case of San Jose, such neasures were devel oped for

each of the eight subareas of the City.
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The second neasure pertaining to nunicipal service
quality was crine rates, neasured by residential and
commercial burglaries per capita (Ofice of the Attorney
CGeneral 1989). Burglaries were sel ected because of their
frequency and their perception as somewhat nore of a
regul arly occurring and | ess random event. Another possible
crinme neasure woul d have been an i ndex conbining all crinmes
occurring in a comunity; this neasure was rejected due to
the arbitrariness of any wei ghting schenme that woul d be
i nposed to render disparate crines coneasurabl e.

In general, neasures of nunicipal service |evels would
i nclude data on property tax rates in order to capture fully
the effect of local policies on the desirability of a
particular comunity. However in the case of California,
tax rates are very nearly identical between comunities and

W ll thus not be included in this study.

Housi ng Characteristics

Since the choice set unit in this analysis -- the city
-- isrelatively large, a neasure of housing characteristics
was sought that would be both neani ngful throughout |arge
and sonewhat disparate areas, as well as useful as a policy
vari able. The breakdown of the housing stock into single

and rmultifam |y conponents is a significant attribute that
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varies distinctly by conmunity. Mreover, the availability
of alternatives to the single famly hone is central to this
study's policy relevance, since the study seeks to determ ne
whet her a j obs-housi ng bal ance policy of affordable housing
in the vicinity of suburban enploynent centers can shorten
comutes. For the nost part affordable housing in these
areas of high priced land is denser, attached housi ng.

Thus a community's housing attributes were neasured
using the community's percentage of non-single famly
housing. The primary source for these data was a dat abase
mai nt ai ned by the California Departnent of Finance (1989),

t hough in several cases it was suppl enented by the Housi ng
Vacancy Survey (Federal Hone Loan Bank Board of San

Franci sco 1986, 1987).

Accessibility

An inportant aspect of multinomal logit analysis is
its operation on two separate types of variables; inthis
case the types are those pertaining to the individual
househol d, and to communities from which these househol ds
choose. The data el enent that bridges the two units of
observation is the neasure of accessibility of chosen and
not chosen residential communities to the househol d' s pl aces

of work. A neasure of accessibility had to be devel oped for
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every accepted and rejected community specific to each
i ndi vi dual househol d.

Since the primary focus of this study is the
rel ationshi p between enpl oynent suburbani zati on and the
journey to work, accessibility is defined primarily in terns
of the workplace. The workplace neasure is used
notw t hstanding the rel ative inportance of nunmerous other
potential destinations in determ ning accessibility (Gordon
et al. 1988). As discussed in Chapter Il, the growh in
nonwork trips does not necessarily inply their grow ng
strength in determning residential |ocation, particularly
when one considers the relative ubiquity of nonwork
destinations. It is reasonable to expect, and in fact the
nodel s presented in Chapter V support, that within the
entire commute shed of an enploynent center, the journey to
work remains a significant, if not dom nant factor in
| ocati onal decision naking.

Two neasures of workplace accessibility were
considered; travel distance and travel time. The forner
has the advantages of sinplicity of neasurenent as well as
relative consistency over space and tinme. But travel
di stance as a neasure of accessibility can mask inportant
di fferences due to variations in highway quality and service

| evels. For this reason, the community-to-community

102



autonobile travel time was selected as the accessibility
nmeasure for the nodeling conponent of this analysis. It is
inportant to note that estimated autonobile tine was used
regardl ess of the actual node chosen. |In this way, trave
ti me becones a standardi zed neasure conparabl e bet ween
i ndi vi dual s.

Since a standardi zed tinme was needed, reported tines
fromthe workplace survey were not considered useable.
First, in many cases people may have reported round trip
travel tinmes, rather than one way tinmes as the questionnaire
requested (Cervero and Landis, 1990). Second, reported
tinmes vary due to perceptions and travel behavior. Finally,
reported tinmes were node-specific; a transit comuter woul d
have reported | onger tinmes than an autonobile conmuter over
t he sane route.

In order to match standardi zed travel tinme data with
i ndi viduals and communities, Metropolitan Transportation
Comm ssi on zone-to-zone |l evel of service data were acquired
in the formof skimtrees and transforned into a Paradox 3.0
data base. Peak hour highway travel tines between the
househol d' s wor kpl aces and communi ties of potenti al
resi dence were entered into the survey data through a
relational matching of the two databases. As the

geographi c scope of the analysis is broad, and the snmall est
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geographic unit of analysis is the community, tinmes used
were based on manually determ ned conmunity centroids rather

t han zone centroi ds.

Summary of Chapter |1

The San Francisco Bay Area is used as a case study to
anal yze hypot heses suggested in Chapter |I. The Bay Area is
characterized by three urban enpl oynent concentrations
together with major concentrations of suburban enpl oynent.
Those suburban concentrations on the Bay Area's eastern
fringe grew particularly rapidly over the 1980's and
i ncreased their share of regi onwi de enpl oynent, while
centrally | ocated comunities declined in share.

In the newest suburban enpl oynent concentrations in the
southern Interstate 680 corridor, the housing stock remains
domnantly single famly in nature. Comunities in this
area appear to match the "low residential density suburban
enpl oynent center" typol ogy described in Chapter I. In
contrast other suburban enploynent centers -- northern Santa
Cl ara County, San Mateo County, San Rafael and the northern
680 corridor -- contain high proportions of multifamly
housing. These conmunities may be better described as high
density centers. Differences may be due in part to the age

of the suburbs, with suburban enpl oynent centers tending to
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densify as they age. Local |and use policies may al so
i nfl uence the devel opnent of denser housi ng.

Even in those suburban enpl oynent concentrations
containing a large proportion of nultifam |y housing,
excesses of jobs over housing units necessitates a | arge net
in-commute. This problemis nost acute in northern Santa
Cl ara County where contiguous areas exceeding the size of
the central cities of Oakland or San Franci sco experience a
ratio of jobs to housing units of over 2.0. In part as a
result of these enploynent and housing trends, freeway
congestion grew significantly over the 1980's, particularly
in the region's suburban areas.

| ssues of job |ocation and conmuting behavior wll be
anal yzed using two data sets on household | ocation and
comuti ng behavior, the first from 1981 and the second from
1989. Data on communities formng the choice sets faced by
i ndividuals are assenbled froma variety of sources,
including the California Departnent of Finance, the
California Assessnment Program of the Departnent of
Education, the Damar real estate data base, and the Ofice

of the Attorney General.
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Chapter 1V:

Commut e Patterns by | ncone and Area

In Chapter I, two relationships were postul ated bet ween
comut e di stance and i ncone in suburban areas: a negative
relationship in areas of dense enploynent but |ow |l evels of
dense housing; and i ndependence or a positive relationship
in areas of dense suburban enpl oynent and a dense housi ng
stock. This chapter exam nes the relationshi ps between
comut e di stance, incone and | ocation of enploynent through
a descriptive analysis of the 1981 BATS data set and the
1989 wor kpl ace survey. The questions will be analyzed
initially with sinple correlations and nedian trip | engths
for the 1981 data set. The 1989 data set will provide the
basis for a nore detail ed analysis of conmute distributions
by | ocati on.

In all cases, the commutes anal yzed are those of the
househol d head al one; secondary workers' commutes wll be
anal yzed within the nodeling framework presented in Chapter
V. The descriptive analysis presented in this chapter
focuses on commute di stance rather than tinme in order to
enabl e a conparison of residential patterns between areas
with differing traffic conditions. Comrute di stances were

devel oped for the 1981 data set on the basis of Metropolitan
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Transportation Conm ssion (MIC) travel analysis zone-to-zone
skimtree distances; distances for the 1989 data set were
conputed on the basis of community centroids, as di scussed

in Chapter 111.

Commute Patterns by Location: 1981

The view that | arge scal e enpl oynent suburbani zati on
benefits overall netropolitan accessibility (Gordon 1989) is
based on two premses. First, it is assuned that conmutes
to suburban | ocations are shorter in distance than those
ending at the netropolitan center. The second premse is
t hat enﬁhoynent subur bani zati on benefits all incone
cl asses”. Stated otherw se, the second premise is that the
ability of a household to reside close to its suburban

wor kpl ace is largely unaffected by its incone status.

Short ened Conmutes in the Suburbs?

The first prem se, that of shortened commutes in the
suburbs, is in general supported by the 1981 data set. 24
presents nmedi an commut e di stances by MIC superdistrict (34

aggregations of travel analysis zones enconpassing the

“Another inplied prenmise is that shortened commute distance
will be sufficient to overcone the congestion engendered by a
| arge scale shift fromtransit to autonobile commuting.
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entire Bay Area). As expected, the |ongest commutes end in
downt own San Francisco, with a nmedian distance of 19.3
mles. The San Francisco CBD s position at the tip of a
peni nsul a | engt hens commutes significantly; the comutes of
t he Gakl and workers represent nore typical center city
commutes, wth a nedian distance of 12.2 mles.

Wor kers i n suburban areas enjoy shorter conmutes, with

nedi an trip distances under eight miles in nost areas.

Figure 24: Median Commute Distance (Ml es) by Superdistrict
of Enpl oynment, 1981
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The commute benefits of suburbanization are not universal,
however. Conmutes of near center-city length are found
anong workers in the industrial suburbs of northern San
Mateo County (12.1 mles) and Richnond (9.5 mles). Both of
t hese areas contain concentrations of heavy industry and
popul ations of | ow or | ower than average inconmes (4). In
contrast, the |onger commutes anong workers enployed in
northern Santa C ara County (nmedian=8 m | es) occurs agai nst
a backdrop of relatively cleaner el ectronics manufacturing
and a higher incone population (4). It may be that the |ong
medi an commute in this area is affected by the surplus of

j obs over housing in the area and the necessity for much in-
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]
commuting (Chapter 111)." Still, Silicon Valley comutes

were shorter than those ending in the center city and those

to the industrial suburbs described above.

“"The other exception to the rule of reduced comutes away from
center cities was in the Heal dsburg/ Cloverdale in the Bay Area's
northern reaches. The area's long commutes seemrelated to its
sparseness rather than to any connection with urban or suburban
j ob centers.

Tabl e Error! Main Docunment Only.: Mean Househol d I ncone by
Selected City, 1980 (Source: Association of Bay Area
Governnents 1987)

Nort hern San Mateo Communiti es

Col ma $32, 540

Bri sbane $33, 245
Daly City $35, 241
San Bruno $36, 796
Sout h San Franci sco $35, 226

Ri chnond Area Communities

El Cerrito $40, 131

Her cul es $46, 104
Ri chnond $27, 911
San Pabl o $23, 763

Northern Santa O ara County Conmunities

M pitas $38, 170
Santa Clara $35, 284

Sunnyval e $37,573
Regi onwi de nean: $35, 720
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Subur ban Empl oynment and Commut es by | ncone

The prediction of the nonocentric nodel of increasing

i ncones of central city comruters as one noves away fromthe

Tabl e 5: Mean Household I ncone by Selected City, 1980
(Source: Association of Bay Area Governnents 1987)

Nort hern San Mateo Communities

Col ma $32, 540
Bri sbhane $33, 245
Daly City $35, 241
San Bruno $36, 796
Sout h San Franci sco $35, 226

Ri chnond Area Communities

El Cerrito $40, 131
Her cul es $46, 104
Ri chnond $27, 911
San Pabl o $23, 763

Northern Santa dara County Conmunities

Ml pitas $38, 170
Santa d ara $35, 284
Sunnyval e $37,573
Regi onwi de nean: $35, 720

center of the netropolitan area is supported by the 1981
BATS data. 24 maps the Pearson correlations (r) between
househol d i ncone and commut e di stances for primary workers
enpl oyed in each of the Bay Area's 34 superdistricts. A
positive correlation indicates that higher income workers

tend to commute farther to a particular comunity than | ower
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sal aried workers. As expected, the correl ati on between
comute and incone is positive for the downtown areas of San
Franci sco (r=0.28) and San Jose (r=0.21) and for the Gty of
Cakl and (r=0.08). The magnitude of the correl ations

i ndicates that incone has little explanatory power in

predi cti ng conmutes. Although downtown workers' inconmes do
increase with increasing distance fromtheir workpl aces,
there remains a great deal of unexpl ained variation of

i ncone over the entire conmmuting range.
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Table 6: Mean 1980 I ncone, Sel ected Peripheral
Communities (Source: Association of Bay Area Governnents

1987)
Communi ty Mean 1980 | ncone
RUSSI AN Rl VER $25, 117
COTATI $26, 612
CLOVERDALE $27, 209
Pl TTSBURG $27, 651
SEBASTOPOL $28, 674
RURAL SONOVA VALLEY $29, 177
SONOVA $29, 258
HEAL DSBURG $29, 749
RURAL ROHNERT PARK $29, 899
ROHNERT PARK $29, 971
Rl O VI STA $30, 346
SU SUN CI TY $30, 526
SANTA RCSA $30, 771
RURAL NORTH EAST $31, 384
FAI RFI ELD $31, 384
DI XON $31, 633
BRENTWOOD $31, 649
COASTAL- GUALALA $31, 692
RURAL HEALDSBURG $32, 193
RURAL EAST CONTRA COSTA $32, 277
ANTI OCH $32, 376
PETALUVA $32, 483
RURAL SEBASTOPCL $32, 664
VACAVI LLE $32, 801
REG ONW DE AVERAGE $35, 720
RURAL PETALUVA $35, 898
RURAL SANTA RCSA $36, 137
LI VERMORE $37, 771
PLEASANTON $43, 738
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varies nore wi dely in suburban and exurban areas. First, a
positive relationship between commute and i ncone (i.e.,

hi gher i ncome workers journeying farther to work) appears at
the edges of the area as well as the center; eastern
Al aneda County, eastern Sol ano County and northern Sonoma
County all exhibit a center-city |like positive association
bet ween conmute and inconme. This appears to be related to a
nmore rural than suburban pattern wherein upper incone
wor kers commute to jobs at the urban fringe fromwell
devel oped suburbs that offer high |evels of urban anenities.

Lower paid workers may tend to live and work in the smaller
towns at the netropolitan periphery (6).

Wthin the Bay Area's inner ring, nost suburban

superdi stricts exhi bited i ndependence bet ween househol d
i ncones and comrut e di stances. Exceptions to this were
found in the sanme areas that exhibited | onger than typical
subur ban conmmut es: Ri chnmond area (r=0.27), northern San
Mat eo County (r=0.25), and northern Santa Cl ara County
(r=0.09). As discussed in Chapter I1l, the latter two match
the "high density center" typol ogy; hence, the positive
correlations would be in accord with predictions.
Enpl oynment and housi ng stock densities in Ri chnond are

lower; it does not match the "high density center" typol ogy
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as well as San Mateo or Santa Cara Counties. The reason
for the positive association between commute di stance and
i ncone found anong its workers may be found partly in the
extent of environnmental externalities associated with
refining and other heavy industry in Richnond; these
environnental effects would spur sone upper incone
househol ds to | onger commutes (Guest and Cluett 1976).

In contrast, in two of the Bay Area's suburban
superdi stricts, higher inconme workers |lived closer to their
wor kpl aces than those from | ower inconme househol ds. These
areas included the 680 corridor communities of Wal nut Creek

and Lafayette (r=-0.18) and Danville and San Ranon
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Figure 26: Commute Distance Distribution by Household

| ncone Group, Wl nut Creek-Lafayette and San Ranon-Danville
Superdi stricts, 1981

(r=-0.29). Notw thstanding the |ow explanatory power of
househol d incone as a predictor of commute distance, a
frequency distribution of the 66 househol ds surveyed in
those two superdistricts reveals a distinct pattern of
comutes by incone (26); the higher incone group lives with
a nmuch greater frequency within four mles of work than the
| ower incone group (51 versus 39.8 percent). The 680
corridor appears to be a promising |locale for further

i nvestigation of energing suburban commute patterns in which

| oner salaried workers may journey far in search of
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af f or dabl e housi ng. Nonet hel ess, the positive relationship
bet ween i ncone and commute di stance in the northern end of
the corridor does not support the hypothesis of independence
or positive association between conmute di stances and i ncone
in areas with high nultifam |y housing stock

The second assunption of the advocates of |arge scale

enpl oynent suburbani zation -- that of a beneficial effect
for all income classes -- is not confirnmed for the Bay Area
as a whol e. A positive relationship between i ncone and

comutes held weakly in 1981 for all workers in all three
Bay Area central cities, as well as its industrial suburbs,
including the "Silicon Valley." Most other suburbs exhibit
no significant relationship, with the notable exception of
the 680 corridor communities of Wal nut Creek, Lafayette, San
Ranmon and Danville to which |ower inconme workers journeyed
farther to work than higher paid workers. Further
investigation of this area is required to determne if the

patterns detected there for 1981 renain.

Commute Patterns by Location: 1989

No direct conparisons are possible between data
emanating fromthe 1981 BATS data and the 1989 wor kpl ace
survey. The first reason is geographic coverage; whereas

the 1981 study included data fromall Bay Area counties, the
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1989 data is fromsix comunities only. 1In addition, the
1989 data were generated from workpl ace surveys of sel ected
enpl oyers, in contrast to the nore inclusive 1981 hone- based
survey nethodol ogy. On the other hand, the |arger sanple
size within comunities surveyed in 1989 allows a nore

detail ed anal ysis of commute patterns by incone.

| ncone and Commut e Di stance

Despite the inconpatibilities of the sources, data from
1989 revealed simlar patterns to those found for 1981. The
correl ation between incone and commute renmai ned positive and
significant for the San Ranon workers, though once again
w t hout much expl anatory power (r=0.11) due to a high

vari ance of conmmute times at all income | evels.
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Figure 27: Commute Distance Distribution by Household
I ncone Group, San Ranon Wbrkers, 1989

Despite the | ow expl anatory power of inconme on commute
di stance, a commute distribution histogram (27) reveals a
clear pattern of commutes by inconme. Anong the highest
earni ng househol ds (above $75, 000 in annual househol d
i ncone), 26.9 percent lived within four mles of their San
Ranmon wor kpl ace, while only 16.5 percent of those househol ds
earning up to $50,000 lived within so close a commuting
range. The opposite pattern enmerges when one considers the
| ongest comrutes of 40 mles or nore; 9.9 percent of the

| oner income househol ds commuted this distance, while only
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7.5 percent of their higher inconme counterparts accepted
such a long comute to San Ranon. In fact for all the
di stance categories up to 24 mles from San Ranon, the | ower
i ncone househol ds were out nunbered (in percentage terns) by
their mddle incone or higher inconme counterparts. |In each
of the distance categories beyond 24 mles from San Ranon,
the | ower incone househol ds proportionately outnunbered both
those in the mddle i ncone and upper incone categories.
Commut e patterns broken down by inconme group are | ess
regular for workers at the sites studied in northern Santa
Clara County. No significant correlations were found at any
of the sites between incone and di stance commuted. Neither
was any significant correlation found for workers from al
the sites pooled. The lack of relationship nmay al so be seen
in the distribution of conmutes by incone (28). Wile the
| owest inconme category appears to |ocate within four mles
of work with greater frequency than others, the pattern at
greater distances appears nuch nore random wth no
particular trend energi ng throughout the entire commute
shed. The expectation of independence between household
i ncone and comute distance for areas of dense housing

appears to be supported for the Santa C ara County sanpl e.
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Figure 28: Commute Distance Distribution by Household
I ncome Groups, Santa Clara County Wrkers, 1989

The commutes to the two San Francisco sites retained
the classic center city pattern, with | ower incone residents
tending to live closer to work than higher salaried
enpl oyees. The relationship was weak, wth a positive
correlation of 0.09 between distance and incone, significant

with 85 percent confidence only.
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Rel ocati on and Commut e Di st ance

Regar dl ess of incone, conmute distances differed

mar kedly between the San Ranon workers and those in northern

Table 7: Median Conmute Di stance by Subgroups, San Ranon
and Northern Santa Cl ara County, 1989

Nort hern
Sant a

San Clara

Subgr oup: Ranon Count y

Overal | 17.3 m. 6.8 m.

Househol d I nconme up to

$50, 000 17.3 m. 6.8 m.
n=339 n=79

Househol d | ncone

$50, 001 to $75, 000 17.3 m. 6.6 m.
n=530 n=206

Househol d | ncone above

$75, 000 12.6 m. 6.8 m.
n=432 n=214

Last nmove 1986

or |ater 10.1 m . 6.8 m
n=599 n=160

Last nove 1985

or earlier 17.3 m . 6.3 m
n=493 n=204

Santa Cl ara County. For the sanple as a whole and for al
subgr oups anal yzed, San Ranon commutes were nearly doubl e
the distance of Santa O ara County commutes, or even greater
in sone cases (6). This is due to a great degree to the
newness of the San Ranon enpl oynent centers and the fact

that they recently relocated; rmany enpl oyees continue to
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live in nore central Bay Area locations. This can be seen
by the sharp difference between the commute di stance of

t hose San Ranpbn commuters who changed addresses in 1986 or

| ater versus those who have renmined in place since 1985;
the novers save approxinmately 7.2 mles conpared to
househol ds staying in place. |If the trend towards noving
closer to San Ranon continues, the unusually | ong conmute

di stances reported in 6 will surely decline. Yet even anong
t hose househol ds rel ocating since 1986 the nedi an commute

di stance of 10.1 mles remains |ong for a suburban comute.

Tabl e 8: Median Conmute Di stance of San Ranon Wor kers by
| ncone G oup and Housi ng Tenure

Househol ds Househol ds
in Pl ace Movi ng
Si nce Si nce

Subgr oup: 1985 1986

Househol d I ncone up to

$50, 000 23.1 m. 16.7 m .
n=98 n=113

Househol d | ncone

$50, 001 to $75, 000 17.3 m. 9.6 m.
n=197 n=212

Househol d | ncone above

$75, 000 17.3 m. 10.1 m.
n=191 n=183

The option of relocating closer to San Ranbn appears to
offer the | ower incone househol ds scant opportunity to
equal i ze their comrutes with upper income households. Quite
the opposite is true; the difference in conmute distance

bet ween t hose earni ng above $75, 000 and those earning up to
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$50, 000 i s greater anong househol ds novi ng since 1986 than

for the sanple as a whole (8).

Summary of Chapter |V

The hypot hesi s that enpl oynent suburbani zati on benefits

overall netropolitan accessibility is based on two prem ses:

1) Conmutes to suburban workpl aces are shorter than those
to center city; 2) Enploynment suburbanization benefits al
i ncone classes. The first prem se is supported by the 1981
data set, though commutes of near center-city |engths were
observed in sone suburban areas.

The prem se of conmute benefits accruing to all incone
cl asses seens to be valid in some areas and incorrect in
others. Sone industrial suburbs (including the Silicon
Val | ey) exhibited a weak positive relationship between
i ncome and commute distance in 1981. Conmmunities in the 680
corridor exhibited the opposite relationship, with | ower
i ncone workers commuting farther to work than their higher
i ncome counterparts.

Simlar anal yses were perforned on results fromthe
1989 survey, though a denonstrated bias toward upper incone
households in this survey requires that the results be
interpreted with caution. Anong the sanple respondents,

comut e di stances of San Ranon enpl oyees were negatively
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associated wth household incone (simlarly to the finding
for 1981). No significant relationship between incone and
commut e di stance was found for workers in northern Santa
Clara County. San Ranmon commute di stances were unusually
| ong, though nuch of this was attributed to the newness of
the enpl oynent center and the fact that the two firnms had
rel ocated there. Neverthel ess, even commute distances of
San Ranmon wor kers who had changed addresses within the past
several years renai ned nuch | onger than those in northern
Santa Cl ara County. Moreover, the relative inequality of
comut es between hi gher and | ower paid San Ranon wor kers was
greater when only the recent novers were consi dered.

The expectation of a negative rel ationship between
i nconme and commute in enploynent centers with | ow
residential density appears to be supported for San Ranon.
The expectation of independence between incone and conmute
di stance for high residential density enploynent centers
appears to be supported for northern Santa C ara County
comunities studied. Comute patterns in sone areas did not
mat ch expectations; for exanple, household inconmes and
comut e di stances were negatively related for WAl nut Creek
area enpl oyees, despite a high proportion of multifamly
housing within the City of Walnut Creek. Further analysis

of the hypotheses regarding the influence of housing stock
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on conmute patterns require the construction of nodels to
separate the inpact of housing stock characteristics on

residential |ocation decisions.
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Chapter V:

Mbdel i ng Franewor k and Results

Thi s chapter describes nethods used in and results of
the nested nultinomal |logit nodeling for workers in San
Ranon and Santa O ara County. The nodels are designed to
test the hypothesis that the availability of multifamly
housing in a suburban conmunity increases the chances of a
| ow to noderate inconme household selecting that comunity.
By extension, the nodels can al so shed |ight on the
hypot heses of nmultifam |y housing in a suburban enpl oynent
center being associated with shorter commutes by |low to
noder at e i ncome househol ds.

It should be enphasized that the starting point for the
nmodeling is the place of work; thus the "San Ranon nodel "
refers not to a nodel of San Ranon residents but San Ranon
wor kers who may live virtually anywhere in the San Franci sco
Bay Area and beyond. These nodels take workplace as a
gi ven, and as such represent just one part of a three-sided
system the nutually influencing processes of enploynment
| ocation, job change and residential |ocation.

| ssues that need to be addressed in order to transform
t he di screte choice theory discussed in Chapter Il to a

wor kabl e enpirical nodel include the definition of rel evant

128



commut e sheds; reduction of choice sets to achieve
conputational feasibility; grouping of communities into
comunity types for nested nultinomal logit analysis; and
sanpling and weighting. After a discussion of these issues,
nodel ing results for San Ranon and Santa C ara County w ||
be presented, together with initial interpretation of the
results; nore formal analysis of the nodels is presented in
the foll owi ng chapter. Finally the validity of the

i ndependence fromirrelevant alternatives (Il1A) assunption

is tested for both nodels.

Met hods and Procedures

| dentification of Choice Set Conmmunities

The capacity of the nultinomal |ogit nodel to anal yze
both characteristics of the individual and the conmunity

requires an explicit delineation of the set of conmunities
fromwhich the individual chooses. The feasible set of
comunities for all households in the sanple was assuned to
be those communities within a 60 mnute driving radius of
the workplace. Communities falling farther than 60 m nutes
away were not excluded for |ack of observations; 6.7
percent of the San Ranon sanple and 7.6 percent of the Santa

Clara County sanple lived in conmunities over 60 m nutes'
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driving distance fromtheir workplace. Rather, the 60
m nute radius was drawn in an attenpt to include in the
choi ce sets those communities that were the nost rel evant
choices for the bulk of the sanple. The nunber of excl uded
comuters was not great, and the 60 m nute boundary was abl e
to capture even nost of the | ong di stance commutes. Thi s
approach still defined a | arge nunber of comunities within
the choice sets for both the San Ranobn and Santa C ara
County workers. Several potential pitfalls are apparent
when the nunber of communities in the choice set are so
large. The first is the sheer size of the data set
requi red. For exanple, the San Ranon data set includes 69
comunities and 1475 individuals; generating a record for
each accepted and rejected comunity for each individual
woul d have yielded a data set of 101, 775 records.

McFadden (1978) has shown that in those cases where the
multinomal logit formis a valid nodel specification,
unbi ased paraneter estimtes may be obtained using a
randomy sel ected subset of choice set elenents, provided
that if arejected elenent is placed in a particul ar subset,
it could logically have been the selected choice. This
principle was utilized in order to reduce the choice sets to
manageabl e proportions. For each individual, a random

sanple of thirty-five cormmunities was selected fromthe
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total choice set. The sanple of communities faced by each
i ndi vi dual was i ndependent of those faced by others, and
over all individuals the entire choice set was included.
After the sanpling of thirty five conmunities, the community
actually chosen was added to the sanple, and any duplicates
were elimnated. Finally, comunities beyond the 60 m nute
boundary were excluded fromthe choice sets, as well as
i ndi viduals selecting these communities. The comunities
remai ning after these elimnations were the ones from which
utilities were estimated; the nunber of communities faced
by any individual ranged from 12 to 28 in the San Ranon
nodel (p=20.4, ©=2.2) and from 17 to 28 for the Santa Cl ara
County workers (u=23.4, o5=2.2).

The second potential disadvantage of presum ng a choice
bet ween such a | arge nunber of comunities is that the
i ndependence fromirrel evant alternatives assunption is
likely to be violated; given the |arge nunber of
comunities involved, it is likely to assune that there
exists a structure of perceived simlarities in the
unobserved attributes between communities that woul d have
violated a central assunption of nmultinomal logit and
bi ased paraneter estimates. This problemwas dealt with in
both cases using the nested logit structure. A nested (as

opposed to joint) structure was shown to be necessary given
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the sets of communities involved, and tests for the validity
of the Il A assunption on the nested nodels appeared to
indicate that the nesting had in fact allowed the assunption

to be fulfilled.

. City City City
Devel opnent of Communi t
B Y Type A Type B Type C
Types for Primary Level
Choi ce Nest ed
structures are
appropriate for City| |City] [City| |City| [City| |City| [City]| [City
) 1 2 3 4 5 6 7 8
controlling for the I1A

Figure 29: D agram of Nested
Structure of Communities within
Community Clusters

assunption but have been
little used due to
practical difficulties in their estimation (Daly 1987).
This study enploys a nested structure in which an initial
sel ection of a general type of community is nmade, within
whi ch the individual community selection occurs (29). In
that is nodels choice of a ftﬂe-grained geographic unit
within a coarser aggregations of such units, it is simlar
in structure to Quigley's (1985) nodeling of nei ghborhood
choice within a selection of communities. Mst other
previ ous studi es have not opted for this kind of structure.
For the nost part this is because nested multinom al |ogit

nodel s in land use and transportati on have concerned
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t hensel ves with a nunber of aspects in addition to |ocation:

nmode choice, vehicle ownership, or characteristics of the
housing unit being selected. As this study is concerned
with the residential |ocational decision alone, it is able
to focus nore on the locational choice and test the validity
of nodeling locational decisions in a joint versus nested
structure. As wll be denonstrated by the enpirical results
for both the San Ranon and the Santa C ara County nodels, a
nested nodel is in fact necessary to account for the
structure of simlarities between comunities.

A nodel based on a behavioral interpretation should
define the nost fundanental decision as the top | evel nest.
A househol d's preferences regardi ng commut e di st ance,
safety or school quality must necessarily be expressed
within the group of affordable conmunities, for all but the
weal t hi est households in the region. Thus a schene was
sought by which the primary | evel nest centered on
affordability, with the |lower |evel nest centering on
preference i ssues was sought .
Clearly a conponent of affordability is housing price.

As discussed in Chapter I1l, the two neasures consi dered as

“Comunities are clustered in order to satisfy the assunptions
of the multinomal logit nodel, not to match the classification of
subur ban enpl oynent centers discussed in Chapter |
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a nmeasure of housing price were nedian price per home and
medi an price per square foot. O the two, nedian price per
home was used in the prinmary | evel decision, because it was
assuned that for the household purchasing a hone, the total
price constitutes the primary constraint. Wthin the group
of comunities that offer houses of a given price, the
househol d may then choose between conmunities that offer
smal | er hones at a hi gher cost per square foot (presunmably
of fering greater access or conmmunity anenities) or |arger
homes at a | ower cost per square foot. This |atter aspect
of the decision was deened to be primarily an expression of
t he househol d's preference for house size versus ot her
| ocational attributes, and as such belonged in a | ower |evel
of the decision tree. Thus nedi an price per house served
as a stratifying variable for the upper |evel nest, whereas
price per square foot remained as a right hand side variable
in the | ower |evel nest.
Price al one does not adequately neasure affordability.

For exanpl e, under the classic nonocentric nodel of urban
areas the | owest incone residents live on the highest priced
land in the center of the netropolitan area. Affordability
in these instances is achieved through high density of
residential developrment. Thus if the goal of the

stratification in the upper level nest is to capture the
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concept of affordability, it nmust operate on the di nensions
of price and density sinultaneously. Accordingly,
communities wthin the San Ranon choice set were stratified
into six groups based on: 1) three groups of nedian hone
price designed to divide the choice set into thirds
($227,000 and under, $227,001 to $307,000, and over
$307,000); and 2) two groups of multifam |y housing stock,
designed to divide the choice set into halves (33 percent
and under, and over 33 percent). For the San Ranon nodel,

groups were defined as described in Table 9.
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Tabl e 9:

Medi an
Hone
Price

$227000 and
under

$227, 001-
$307, 000

G oupi ng of Comrunities for
Choi ce Set for

San Ranpbn Workers

Nest ed Anal ysi s,

Percent of Housing Stock in Multifamly

33 percent and under

Anti och
Beneci a

Br ent wood
El Sobrante
Li ver nore
Mant eca
Marti nez
Newar k

Cakl ey
Pet al uma

Pi nol e
Pittsburg
San Lorenzo
Sui sun
Tracy
Vacavill e
Val | ej o

Medi an Price=$154000
Medi an percent
multifamly=26.5

Castro Vall ey
Dubl i n

El Cerrito

Fr enont

Hal f Moon Bay
Kensi ngt on

M pitas

Pl easant on
San Ranon

SJ: Berryessa

SJ: Canbri an/ Bl ossom H .

SJ: Zipcode 95125

Medi an pri ce=$251000
Medi an per cent
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Over 33 percent

Concord
Fairfield
Haywar d

Pl easant Hil

Ri chrmond

San Leandro
San Pabl o

SJ: Al um Rock
SJ: Downt own
Union City

Med. Price=$182000
Medi an Per cent
mul tifam|ly=39.0

Al aneda

Al bany

Ber kel ey
Campbel |

Col ma

Daly Gty

Her cul es

Gakl and

Santa Cl ara
SJ: Evergreen
S San Franci sco
Wal nut Creek

Med. Price=%$253000
Medi an per cent



Tabl e 9, continued

Medi an Percent of Housing Stock in Multifam |y
Honme
Price 33 percent and under Over 33 percent
Over $307,000 Al ano Bel nont
Danville Cupertino
Laf ayette Foster Gty
Los Altos Los Gatos
Ori nda Mor aga
Pi edrmont Mount ai n Vi ew
San Carl os San Franci sco
Sar at oga San Mat eo
SJ: Westgate
Sunnyval e
Medi an Price=$417000 Medi an Pri ce=$340000
Medi an Per cent Medi an Per cent
multifam|ly=12.0 mul tifam|ly=50.0

Communities within the choice set for the Santa C ara
County workers were grouped in a simlar fashion. However
comunities falling within a 60 mnute drive of Cupertino,
Sunnyval e, Santa Clara, Mowuntain View or the northern part
of San Jose are generally nore expensive and denser than
those within San Ranmon's commute shed. Accordingly the
boundari es between groups were adjusted upward in both
di rensions in order to produce six comunity clusters of
approxi mately equal size. The choice set for the Santa

Clara County workers is described in 10.
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Sanpl e Wi ghti ng

Because of the nature of the enpl oyee survey (Chapter

[11) Sun M crosystens of Mouuntain View, Tandem Conputers of

Cupertino, and Pacific Bell

Tabl e 10:

G ouping of Comrunities for

Choice Set for Santa Cl ara Wrkers

of San Ranon were over-sanpl ed

Nest ed Anal ysi s,

Medi an

Hone

Price

$235, 000 and
under

$235,000 to
$315, 000

Over
$315000

Percent of Housing Stock in Multifamly

36 percent and under

Over 36 percent

Dubl i n

Li ver nore
Newar k

San Lorenzo
SJ: Al um Rock
SJ:  Evergreen

Glroy
Haywar d

San Leandro
Santa Cruz
SJ: Downt own
Union City

Medi an price=$213000 Med. price=$193000

Medi an per cent
multifamly: 24.5

Castro Val |l ey
Col ma

Fr enont

Hal f Moon Bay
M| pitas
Paci fi ca

Pl easant on

San Ranbn

SJ: Berryessa

Medi an per cent

mul tifanily=41.0

Canmpbel |

Daly Cty

Gakl and

Redwood City
San Bruno

Santa Cl ara

SJ: Westgate

S San Franci sco

SJ: Canbri an/ Bl ossom Hi |

SJ: Zip Code 95125

Medi an price=$255000 Med. price=$270000

Medi an percent

Al anp
Danvil |l e

Hi | | sbor ough
Los Altos

M 11 brae

Pi ednont

San Carl os
Sar at oga

SJ: Al naden
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Medi an price=$438000
Medi an percent

Medi an percent

Bel nont

Bur | i ngane
Cuperti no
Foster City
Los Gatos
Menl o Par k
Morgan Hill
Mount ai n Vi ew
Palo Alto

San Franci sco
San Mat eo
Sunnyval e

Med. price=$368000

Medi an percent




relative to other firms in the areas under study. For
sanpl es such as these, the wei ghted exogenous sanpl e maxi num
I'i kel i hood (WEMSL) estimtor may be used to derive

consi stent paraneter estinmates (Ben Akiva and Lernman 1985).
The estimator is derived by assigning each observation a

wei ght equal to the ratio of its group's proportion in the
popul ati on of all enployees of sanpled firnms to the group's

proportion in the sanple. Wights were conputed as in 10.

Vari able Definition

This section defines vari ables used in the nested
multinomal logit nodels. Sonme of the variables are used in
both nodels, others in one alone. Variables that were

tested but not included in the nodels for | ack of

Table 11: Derivation of Sanple Wights by Firm 1989
Sanpl e

1. San Ranobn Sanpl e

Firm
Pacific Bell Chevron
Popul ation Proportion 0. 64 0. 36
Sanpl e Proportion 0.75 0. 25
Wei ghti ng Fact or 0. 86 1.40
2. Santa Clara County Sanple
Tandem

Gener al Sun Tandem Tandem Sant a

El ectric Cupertino Sunnyvale C ara
Popul ati on
proportion 0. 19 0.39 0.37 0.02 0. 03
Sanpl e
proportion 0. 33 0.34 0.22 0. 05 0. 06
Wei ghti ng

Fact or 0. 56 1394 1.68 0.41 0. 59




statistical significance are also presented here. Wth the

exception

| ocati on,

of a dummy vari able representing a center city

no alternative specific variables were used.

Access Vari abl es

HTI ME
LTI ME
Af f or dabi
$SQFT/ I NC
$MVED/ | NC
OVULT

Peak hour autonobile travet:finﬁ from accepted or
rejected place of residence to place of work of

t he hi ghest wage earner in the household. (In
case of ties the household nenber responding to

the survey was assigned the HTI ME position).

Peak hour autonobile travel tinme from accepted or
rejected place of residence to place of work of

the second wage earner in the househol d.

ity Vari abl es

Medi an 1989 price per square foot of single famly
honmes in a community divided by total annual

househol d salary (in thousands).

Medi an hone price for all communities within a

cluster divided by househol d i ncone.

Proportion of housing stock in a conmunity in non-
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single famly honmes. This includes dupl exes,

apartnent, condom niuns and nobil e hones.

9MULT: LO Equal to 9VUULT for households with total incone up
to $50, 000, O for other households. This variable
is designed to neasure the utility of nmultifamly
housing for |owest segnment™ of the sanple in terms
of i ncone.

%VULT: MED Equal to 9MULT for househol ds bet ween $50, 000 and
$74,999, 0 for other households. This variable is
designed to neasure the utility of nmultifamly
housing for m ddl e segnment of the sanple in terns

of i ncone.

9MULT: H  Equal to 9VUULT for households with total incone of
$75,000 or nore, O for other households. This
variable is designed to neasure the utility of
multifam |y housing for highest segnent of the

sanple in terns of incone.

TENURE/ $ For honmeowners, equal to the nunmber of years of

residence at their current address divided by

“The boundari es between |ow, medi um and high i ncome groups
were set principally to ensure sufficient sanple sizes in the | ow
i ncone group.
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Communi ty
SCHOOL

CRI ME

MFCHI LD

CENTER-
DUMWY

community nedi an hone price. The variable is

equal to O for renters.

Service and Anenity Vari abl es

Aggregated test results fromCalifornia Assessnent
Program st andardi zed testing for 1989. SCHOOL was
the nmedi an of six scores: statew de percentile
rankings for third, eighth and twelfth grades in

readi ng and nmat hemati cs.

Resi dential and commercial burglaries per capita,

1989.

Equal to 9VULT for households with children
present, O for other households. This variable is
designed to neasure any disutility of nultifamly

housing in a community to household with children.

A center-city dumry variable, equalling 1 for San

Franci sco and Oakl and and O for all other cases.

Vari able Specific to Nested Logit

LOGSUM

A variable used in the nested |ogit nodel, equal

to:
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log =z BEXP ( B'X,)

i=1

where i is an index of comunities within each

| ower level nest and ' is the vector of estimated
paraneters, and x,, are the observed
characteristics of the conmunities (or the
interaction of the individual and the communities,

as in the case of house price divided by incone).

Predi cted Rel ati onshi ps

Most of the independent variables are expected to
affect the nodel in a straightforward fashion. One can
expect the utility of HTIME to be negative; comunities
falling a | onger conmmute away fromwork are, all el se being
equal , less desirable than closer in communities. A
significant negative sign on HTI ME would tend to support the
i nportance of workplace access in the residential decision.

SCHOCL is expected to have a positive coefficient for
househol ds with children; for these househol ds school
quality is a attractor. SCHOOL al so may be positive for
househol ds with grown children. Those househol ds may have
originally chosen a coomunity based in part on school

quality; to the extent that school districts' relative
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ranki ngs are constant over tine, the positive utility of
SCHOOL woul d still be perceptible. 1In addition, SCHOOL may
capture an el enent of the social environnent of the
comunity that can attract or repel even childl ess
househol ds.

The ot her nmeasure of nunicipal service quality, CRINE,
may be expected to carry a negative utility.

MED$/ I NC, the ratio of price to total salary, is
expected to have a negative utility. Controlling for other
aspects such as nunicipal service quality and accessibility,
househol ds are expected to prefer conmunities that require a
smal l er portion of their annual inconme over those that
require a | arger share.

Because Bay Area housing prices increased rapidly in
real ternms over the late 1970's and the 1980's, many current
Bay Area honeowners find thenselves living in hones they
woul d be hard pressed to purchase at current prices.
TENURE/ $ i s designed to capture this effect, and is expected
to carry a positive utility. In an inflating housing
market, length of tenure is expected to be associated with
residence in communities of higher current val ue.

Two variables nmay enter the nodel in a sonewhat |ess
straightforward fashi on. CENTERDUMWY, the central city

dummy variable, is designed to account for the problemthat

144



the majority of communities in the choice set are suburban
to a greater or lesser extent. It is assunmed that living in
a central city, one encounters opportunities and incurs
costs that may not be adequately captured by the vari abl es
representing distance, nunicipal service quality, density
and access. Certainly the concept of accessibility is ill-
captured by HTIME for center city residents, since their
urban residence affords them accessibility to many nonwork
travel opportunities. As Lerman (1975) pointed out in a

| ocational choice nodel for the Washington D.C. area, upper
income residents of the District of Colunbia tend to send
their children to private schools; public school quality
woul d not be a factor influencing residential choice of
these people. Urban disanenities exist as well: a fear of
crime that may well exceed that which is capturable in the
CRI ME variable, deteriorated housing or overcrowdi ng. Thus
it is difficult to predict the direction of the CENTERDUVMY
variable a priori, only that it nay be needed to account for
urban uni queness in a |argely suburban commuter shed.

The second vari abl e whose effect needs to be carefully
interpreted is LD ST, the accessibility variable for the
secondary wage earner in the household. The difficulty
arises due to the direction of causation between the

| ocation of the secondary wage earner and the househol d's
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residential |ocation. For exanple consider a household
residing in a conmunity a half hour's conmute from one

wor ker's place of work, but only 5 mnutes away fromthe
other. Assune further that the closer job is considerably
| ower paid that the nore renote enploynent. Did the
househol d |l ocate close to the job, or did the secondary
wor ker seek a workpl ace close to hone?

At first gloss the question may seem answer abl e by
anal yzing the dates of the |last nove and the starting dates
at work for each of the workers of the household. But in
fact the analysis may be even nore conplex. |If the primary
wor ker changes jobs to an even nore renote |ocation, al
el se being equal, the household may prefer to nove. But the
secondary worker's job (initially chosen for its proximty
to hone) may have becone a sufficient draw to prevent the
househol d from noving and thus may have |lead to a new
| ocational decision -- a decision not to nove -- that
generates an even |longer commute for the primary worker.

Lerman (1975) details four alternative causal
mechani snms in the | ocational decisions of nultiworker
househol ds;

"1l. Conplete primary worker dom nance;

2. Aprimary worker with the remaini ng workers

secondary (i.e. without fixed workplace) in the
| ocati on deci si on;
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3. Sonme or all workers with fixed workplaces but each
with different weights;

4. Conplete equality in the perception of work trip

attributes.”

The initial working assunption of this study was that
t he geographic "draw' of the secondary worker was
proportional to the ratio of the salaries of the two
househol d workers. Thus when the sal aries of both workers
in a household were equal, the variables LTIME and HTI ME
woul d enter the equation with equal weights, and when
LSALARY was hal f HSALARY, LTIME would enter with a wei ght of
0.5. The assunption behind this hypothesis is that higher
i ncone enpl oynent represents nore specialized and hence | ess
i nt erchangeabl e enpl oynent; thus the higher the incone of
t he secondary worker, the |l ess able that worker would be to
change wor kpl aces in response to a household nove. This

hypot hesis will be explored later in this chapter.
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9%VULT: LO, 9MULT: MED and %VULT: HI test the utility of
multifamly housing in a coomunity to the | owest, mddle and
hi ghest segnents of the sanple in ternms of inconme. %JILT:LO
is expected to carry a positive utility, as the presence of
multifam |y housing may render a high priced community
affordable. To the extent that higher incone famlies
prefer and can afford | ess dense communities, the
coefficient of 9MIT: H is expected to be negative;

%VULT: MED shoul d be
Tabl e 12: Expected Signs of

somewhere in the m ddle. Vari abl e Coefficients
MFCHI LD, the proportion Expect ed
] ] ] ] Vari abl e Sign
of multifamly housing in a
comunity for househol ds HTI VE -
: . . . LTI ME -
with children, is designed
SCHOCOL +
to test the hypothesis that
. . . CRI ME -
non-single famly housing NVEDS$/ | NC -
. . - TENURE/ $ +
carries a negative utility
"
for these househol ds, and gEBIEBEgyNN +
9 : 2
woul d be expected to be 4%5t$;ZFD )
MFCHI LD 0 OR -

nonposi tive.

Al ternative Mdels
Nested nultinom al logit nodels were estimated

using the LIMDEP statistical package conpiled on the
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Ber kel ey Cray X-MP/ 14 under unconstrai ned maxi mnum |l i kel i hood
sequential estimation. For each nodel the follow ng

statistics are presented:
1. Asynptotic t-statistics for each estimated
paraneter. As in multiple regression, the t-statistics
represent equal the value of the estimated paraneter
divided by its standard error and provide a test of
H,: 3=0.

2. L*(0), the value of the log likelihood function
when all paraneters are initially set at zero. Under
this base case, all residential conmunities are equally
likely choices; this is a "no information" nodel.

This provides a base case from which i nprovenments from
paraneter estimation nay be neasured.

3. L*(RB), the value of the log |ikelihood function
when paraneters are set at their maxi mumlikelihood
value. The closer this negative nunber is to zero
(relative to the L*(0) starting point) the nore
expl anatory value in the nodel

4. rho® equal to 1-[L*(R')/L*(0)]. This neasure,
anal ogous to R in nultiple regression, neasures the
degree of increase in the |ikelihood function when
estimated paraneters are used (and hence the

expl anatory power of the nodel) and varies between 0O
(no explanatory power) and 1 (conpl ete explanatory
power) .

5. rho(bar)? equal to 1-[(L*(R')-K)/L*(0)] where K
equal s the nunber of independent variables. This
measure of explanatory power is designed to conpensate
for the | oss of degrees of freedom caused by the

i nclusi on of additional variables; wunlike rho® it can

decline with the addition of a variable if the
addi tional explanatory power is |ow.

The initial specification for both the San Ranon and
northern Santa Cl ara County workers utilized the full set of
vari ables |listed above (Table 13). The majority of the

variables in these full specifications (San Ranon Mdel 1
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Santa Clara Mbdel 1) emerged with statistical significance
and the predicted sign. Several exceptions are noteworthy,

however .
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Tabl e 13:

Vari abl e

Lower | evel

San
Mbdel 1

Ra mon

Mbdel 2

Al ternative Nested Logit Mde
Santa CI

Mbdel 1

Speci fications

Mbdel 2

nest (communi

ty choice) variables (t-statistics)

HTI VE -0.0672 -0.0754 -0. 0687 -0.0725
(-13.8) (-17.0) (-12.5) (-14.3)
LTI MVE -0. 0631 - 0. 0497
(-13.3) (-7.95)
$SOFT/ I NC -0. 6847 -0.524 -0.5073 -. 5605
(-5.68) (-5.1) (-2.88) (-3.59)
9MULT: LO 3. 38540 2.9235 4.2524
(3.230) (2.93) (2.089)
OVULT: MED not es- -0.6612
ti mabl e (-0.46)
OVULT: HI 2.0393 -0. 5383
(1.80) (-0.39)
CENTERDUMWY 2.0813 2.1344 3. 7664 4.1276
(7.31) (8.55) (5.623) (8.07)
SCHOOL 0. 0102 0. 0100 0. 02547 0. 0266
(2.34) (2.71) (4. 255) (4.69)
MFCHI LD 0. 5729 -4.5821 -4.941
(0. 44) (-2.70) (-3.7)
TENURE/ $ -0. 253 2.5153
(-0.3) (0.528)
CRI ME -13.73 -1. 069
(-1.2) (-0.05)
Mbdel statistics: Lower | evel nest
L*(0): -1494. 1 -1494. 1 -570.6 -570.6
L*(R"): -898. 26 -1024.5 -364.5 -406. 6
r ho?: 0. 3988 0. 3143 0.3612 0.2874
rho(bar)? 0.3914 0. 3110 0. 3520 0. 2787

Upper | evel

nest (choice of community clusters) vari abl es

$MVED/ | NC -0. 100 0. 0840
(-3.9) (3.13)
LOGSUM 0. 5988 0. 8417 0. 3258 0. 3398
(17.2) (16.9) (7.38) (7.16)
Mbdel Statistics: Upper | evel nest
L*(0): -1167.0 -1167.0 -536.0 -536.0
L*(R"): -939. 81 - 965. 98 -495. 3 -505.7
r ho*: 0. 1947 0.1723 0. 0759 0. 0565
rho(bar)? 0.1927 0.1714 0. 0722 0. 0547
Summary statistics for both | evels
L*(0): -2661.1 -2661.1 -1106. 6 -1106. 6
L*(R"): -1838.1 -1990.5 -859. 79 -912.3
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rho®: 0. 3093 0. 2520 0. 2230 0.1756
rho(bar)? 0.3044 0. 2497 0.2113 0.1702
No. of Observ. 1,475 1,475 480 480

O the two variables neasuring | ocal service quality,

only one -- SCHOOL -- energed as statistically significant.
CRIME carried the expected negative sign but was not

significant and was hence dropped fromthe equation. Two
possi bl e expl anati ons may exist for CRIME s | ack of

expl anatory power. First, perhaps the definition of the

variable -- residential and commercial burglaries per capita

-- inadequately captured people's perceptions of crim nal

activity. It may be that higher visibility crinmes of

vi ol ence are nore of a repelling factor than less traumatic,
i f commoner crimes such as burglary.

The second reason that CRIME failed to energe
statistically significant may be that there is little
perception of difference in crine rates between comunities
in the largely suburban choice set. To be sure those
di fferences exist, but nmay be below the threshold of effect
on residential |ocation decisions (Harvey 1988 found this
for Santa Clara County). Sharper differences are likely
per cei ved between city and suburb, but the CENTERDUMWY
vari abl e woul d have accounted for nmuch of these.

The coefficient TENURE/$, or years of tenure in current
hone (for owners) divided by current nedi an housing prices,
was not statistically discernable fromzero in either the

Santa Clara or the San Ranon case. This may be due to the
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fact that tenure is being called upon to serve as a proxy
for equity, a task it fulfills only inconpletely®.
Househol ds having recently noved after a | ong period of
residence in a previous honme would have a | ow val ue for
tenure, yet may have amassed sufficient equity in their
prior residence to purchase housing apparently beyond that
whi ch their current incone would support. The insignificant
negative coefficient of TENURE/ $ for the San Ranobn residents
is probably due to the rel ative newness of the San Ranobn
firms; the |large nunber of households relocating to a high
priced community such as San Ranon may have masked the
expected effect of tenure on residential choice.

MFCHI LD carried the expected negative sign for the
Santa Cl ara County nodel, but was insignificantly positive
for the San Ranon workers, and was dropped in | ater nodel
versions. Possible explanations for the | ack of
significance of the variable in the San Ranon nodel are
di scussed later in this chapter.

The coefficient of %VILT: H was negative as expected in
the Santa O ara nodel, though w thout statistical
significance. Contrary to expectations, the coefficient was

positive in the San Ranon nodel and was dropped in |ater

“Harvey (1988) used data on income, housing cost and tenure
together in a single variable estimating current incone renaining
after housing costs, based on tenure.
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nodel s. The San Ranon nodel was not estinmable when the
%VULT: MED vari abl e was i ncl uded.

San Ranmon Model 2 and Santa Clara Mddel 2 were designed
to determi ne how LTIME was to enter the final nodels. The
initial hypothesis of a geographic draw of the secondary
wor ker proportional to the ratio of the two salaries was
tested as follows: A subsanple including only those
famlies with nore than one full tine wage earner was
generated, and divided into four groups (three for Santa
Cl ara County because of a smaller sanple) based on the ratio
of the salaries of the two wage earners. |In order to
determ ne the relative influence of the secondary wage
earner, nodels were estimated for these groups according to
the specification of San Ranbn Mbdel 2 and Santa O ara Model
2, purposely excluding the commute of the | ower wage earner.

If the hypothesis of a relative influence proportional to
the ratio of the salaries were true, the ability of the
nodel s to explain residential choices should decline as the
rati o approaches unity. That is, the absence of the
information that has been deliberately excluded fromthe
analysis -- the commute tine of the secondary worker --
should be felt nore and nore acutely as the salary of the

secondary wage ear ner i ncreases.
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Tabl e 14: Rho-squared Statistics for Mddels Calibrated on
Mul ti wor ker Subsanpl es, by LSALARY to HSALARY Ratio

1. San Ranpbn Workers

LSALARY To HSALARY Rati o Rho- Squar ed n
Statistic

0.90 - 1.00 0. 251 183
0.75 - 0.89 0. 276 139
0.50 - 0.74 0.170 172
Under 0. 50 0.182 191

2. Santa Cara County Wrkers

LSALARY To HSALARY Rati o Rho- Squar ed n
Statistic

0.90 - 1.00 0. 204 35
0.60 - 0.89 0. 201 94
Under 0. 60 0. 279 105

The foregoi ng hypothesis does not appear to be
confirmed by the results of these exploratory anal yses,
presented in 14. Wile a slight trend towards decreasing
val ues of rho-squared (the nultinomial logit analog of R)
may be evident anong the Santa C ara County workers, the
pattern in the San Ranon case appears to be opposite. 1In

nei ther case does the relative influence of the secondary
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wage earner on the househol d | ocational decision appear to
be a clear function of the ratio of the salaries®.

The lack of a clear pattern relationship between either
the ratio of the two househol d sal aries and the influence of
LTIME |l ed to the variable being used in an untransforned
fashion. Inportantly, in neither nodel did the introduction
of LTIME interfere with the direction or statistical
significance of HTIME. This may serve as further evidence
of the independent effect of LTIME on residential |ocation
deci sions (as opposed to the alternative expl anati on of
secondary workers' |ocations being primarily determ ned by

their househol d | ocation).

“There may be several explanations for this. First, the
secondary worker in a higher incone household nmay have easier
access to a better quality autonobile and may thus be nore nobil e,
and have a lower disutility of travel, than counterparts in |ower
i ncone household. Second, it may be that the availability,
quality and hours of childcare is a major determ nant of a working
parent's nobility. Thus a working parent who has reliable, high
quality childcare wth adequate hours may be nore nobile for
comut i ng purposes than the parent who is concerned about the
reliability, quality or hours of childcare available. The latter
parent mght tend to restrict conmuting ranges in order to be
W thin easier reach of young children.

Finally, the assunption that |ower paying jobs are nore
i nt erchangeabl e t han hi gher paying positions nmay be | ess true than
in the past. Hghly salaried and trained workers in technica
fields may be in demand in many areas, whereas a | ower paid
service worker may be hard pressed to nake a nove w t hout taking a
salary cut. Thus it may actually be the nore highly paid
secondary workers who are able to adjust their job locations in
response to changing famly circunstances. The less fixed a job
|ocation is, the | ess one would expect it to exert a pull on
residential |ocational decisions.
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Fi nal Model Results
San Ranpbn Wbrkers

The first stage of the San Ranon nodel was the nodeling
of the lower level nest; 1i.e., nodeling conmunity choice
within the six community clusters. Results are presented in

15.

Tabl e 15: Results of Lower Level Nest Modeling for San
Ramon Workers: Choice of Community as a Function of
Communi ty Characteristics and Travel to Wrk

Standard t- p-
Vari abl e Coef fi ci ent Error Rati o Val ue
HTI ME -0.0677 0. 0047 -14. 277 0. 000
LTI ME -0.0618 0. 0046 -13.422 0. 000
$SQFT/ I NC -0. 6513 0.1111 -5.863 0. 000
OVULT: LO 3.4334 1.0184 3.372 0. 000
CENTERDUMWY 2.0287 0.2721 7. 455 0. 000
SCHOOL 0. 0122 0. 0040 3.048 0. 002
L*(0): -1494. 1
L*(R"): -901. 96
r ho* 0. 3963
rho(bar)? 0. 3923 (K=6)

No. of (Observations 1378

The 1 og of the denom nator of the equation stemm ng
fromthis estimation |evel was saved as a variable and
utilized in the estinmation of the higher |evel nest, as

descri bed in 15.
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The initial hypothesis of a nested structure with
comunity clusters formng the higher |evel nest and
i ndi vidual communities formng the |lower |evel was validated
Tabl e 16: Results of Hi gher Level Nest Mddeling for San

Ranmon Workers: Choice of Community Type
and Summary Statistics for Both Levels

Standard t- p-
Vari abl e Coefficient Error Rati o Val ue
$VED/ | NCOVE -0. 1390 0. 0258 -5.389 0. 000
LOGSUM 0. 5979 0. 0345 11. 655* 0. 000

*The t-statistic of LOGSUM tests H:R=1, rather than
Ho: 3=0.

L*(0): -1167.0
L*(R'): -934. 18
r ho*: 0. 1995

rho(bar)? 0.1977 (K=2)

No. of Qbservations 1475

Summary Statistics for Both Mddel Levels

L*(0) : -2661. 1
L*(R'): -1836. 14
rho®: 0. 3100
rho(bar)? 0.3071 (K=8)

No. of Qbservations 1475

by these results. The coefficient of the LOGSUM vari abl e
was equal to 0.5979, and was statistically discernable from
unity. Thus in the case of the San Ranon workers, a joint

(i.e., non-nested) nodel of |ocational choice would have
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violated the crucial Il A assunption of the logit nodel and
woul d t hus have bi ased paraneter estinates.

The coefficients of HTIME and LTI ME are both negative
and significant. Anong sanple nenbers workpl ace access
appears to be a critical factor in residential |ocation
deci sions. The other half of the accessibility-price
tradeoff is captured in $SQFT/INC, the price per square foot
di vided by incone in thousands. As predicted, the
coefficient of this variable is negative and significant.

It should be noted that this significance occurs within
comunity clusters that are partly defined on the basis of
the nmedian price of their housing to begin wth.

The statistical significance of LTIME together with the
fact that it perturbs neither the direction of HTIME nor its
statistical significance indicates the inportance of
secondary workers' job |ocations as independent factors in
househol ds' residential decision nmaking. Undoubtedly many
deci si on nmaki ng patterns exist in households, including the
pattern that sets the |ocation of the secondary worker's job
according to a previously determ ned househol d | ocati on.

But results of these nodels appear to indicate that for a
| arge nunber if not the majority of dual worker househol ds,
residential location is determned with reference to both

wor k pl aces.

159



The positive coefficient of the CENTERDUMW vari abl e
can be interpreted in two ways. First, it appears that the
center city (i.e., Qakland and San Franci sco) on bal ance
constitutes a draw given the vari abl es neasured here. A
maj or part of the apparent "draw' nay accounted for by the
fact that | ow standardi zed school test scores (SCHOOL) for
Cakl and and San Francisco are irrelevant to many of the well
paid workers in this survey because upper m ddl e cl ass
menbers of these conmmunities conmmonly send their children to
private elenmentary and secondary schools. The other reason
for CENTERDUMMY' s significant positive coefficient is the
fact that both Pacific Bell and Chevron, the two San Ranon
firms surveyed, relocated to San Ranon from centra
| ocations in 1984. There may be a nunber of peopl e unable
or unwilling to nove that still reside close to their forner
wor kpl aces in the central Bay Area (Cervero and Landi s
1990) .

The remai ning | ocal service variable, SCHOOL, was
tested against an alternative variable representing school
quality only for those famlies with children
Interestingly, SCHOOL carried nore explanatory power (in
ternms of its contribution to rho® and a higher t-statistic

SCHOOL nmay thus be picking up aspect of a conmunity's

soci oeconom ¢ nakeup that are not neasured by ot her
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vari ables, as well as accounting for famlies whose children
have | eft hone but made earlier |ocational decision in part
based on school quality.

The nost inportant policy variable in the nodel is
UMULT: LO equal to percent of a community's housing stock in
mul tifam |y housing for households with up to $50, 000 i ncone
(and O otherw se).

Finally, the significant and positive sign of %VILT: LO
is interpreted as indicating the inportance of multifamly
housing in a suburban conmunity to | ow to noderate inconme
househol ds. Wiile these results should be viewed with
caution due to sanple biases, these results appear to inply
that increasing multifamly housing levels in a suburban
community increases the likelihood of that comunity's
selection by |ow to noderate inconme households. |If the
comunity is a job center, changes in the housing stock may
al so reduce comutes by |Iow to noderate i ncone househol ds.

These effects are nodeled in Chapter Vi.

Santa C ara County Wrkers

Overall, the nodeling results for the Santa Cl ara
workers were simlar to those for San Ranon. First, the
nested logit structure was validated for both nodels.

Second, the coefficients of the access rel ated vari abl es
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(HTI ME and LTI ME) were negative and highly significant in
the Santa C ara nodel as they were in San Ranon. Third,
nost estimated coefficients were fairly simlar between the

nodel s (19).
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Table 17: Results of Lower
Clara County Workers:

Level Nest Mdeling for Santa
Choi ce of Community as a Function

of Community Characteristics and Travel to Wrk
Standard t- p-

Vari abl e Coef fi ci ent Error Rati o Val ue
HTI ME -0. 0680 0. 0053 -12.710 0. 000
LTI ME -0. 0494 0. 0061 - 8. 065 0. 000
$SQFT/ I NC -0. 5399 0. 1618 - 3. 336 0. 000
9VULT: LO 4.4481 2. 0055 2.234 0. 025
CENTERDUMWY 3.6321 0. 5574 6. 515 0. 000
SCHOOL 0. 0256 0. 0059 4,312 0. 000
M-CHI LD -4.981 1. 4635 -3.408 0. 001
L*(0): -570.62
L*(B'): -364. 82
rho®: 0. 3606
rho(bar)? 0. 3484 (K=7)
No. of Cbservations 480

Table 18: Results of Higher Level Nest Mdeling for Santa

Cl ara County Workers: Choice of Community Type
and Summary Statistics for Both Levels

Standard t- p-
Vari abl e Coefficient Error Rati o Val ue
LOGSUM 0. 3089 0. 0422 16. 377* 0. 000
*The t-statistic of LOGSUM tests H:R=1, rather than
H,: 3=0.
L*(0): -535. 97
L*(R'): -504. 41
rho’: 0. 0589
rho(bar)? 0. 0570 (K=1)
No. of Observations 480

Summary Statistics for

L*(0):
L*(R'):
rho’:
rho(bar)?

Bot h Mode

-1106. 59

-869.@%3

0.214
0.2064 (K=8)

Level s




The nodels differed in two inportant ways, however.

The expl anatory power of the Santa C ara County nodel was
noti ceably |l ower than that of the San Ranon nodel. The | oss
of explanatory power occurred nostly at the upper |evel of
the nested structure; i.e., at the point of selection of
comunity clusters. Part of the reason is that the San
Ranmon nodel included nedian hone price as a variable at this
| evel, whereas in the Santa C ara nodel the variable carried
an incorrect sign and was dropped. In addition, it nay be
that the Santa Cara choice set is in general nore
honogenous and hence nore difficult to nodel.

The second inportant difference between the nodels is
the significance and negative coefficient of the variable
MFCHI LD (equal to percent multifam |y housing for househol ds
with children) in the Santa Cara nodel. The inplication is
that while the presence of nmultifam |y housing nmay draw
| ower incone households to a conmmunity, it nmay in sone
ci rcunst ances repel households with children. The fact that
the variable was significant in the Santa O ara case but not
in San Ranon may indicate the existence of a threshold | evel
of multifamly housing. Increasing density beyond this
threshold may begin to repel households with children. The
comunities nearby the five Santa Clara job sites all have

much hi gher levels of nmultifam |y housing than those in the
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San Ranon area. Possibly for sone households with children,

these communities are in fact at that threshol d.

Tabl e 19: Conparison of Estimated Coefficients for San
Ranmon and Santa O ara County Wrkers

Esti mat ed
Esti mat ed Santa C ara
San Ranon County

Coefficient Coefficient
HTI ME -0.0677 -0. 0680
LTI ME -0.0618 -0. 0494
$SOFT/ I NC -0. 6513 -0.5399
OVULT: LO 3.4335 4.4481
CENTERDUMWY 2.0287 3.6321
SCHOOL 0.0122 0. 0256
MFCHI LD N A -4.98

Overall, 19 reveals a simlarity between the two

nodel s. The coefficient of $SQFT/INC was nore negative in
the San Ranon nodel than in the Santa Cl ara nodel. One

m ght expect the opposite, given the higher prices for
comunities with the Santa C ara County choice set. This
may reflect the higher presence of nmultifamly housing in
the Santa O ara choice set, which causes prices for single
famly housing to be |ess crucial than they are anpong the
San Ranon workers. This is supported by the fact that the

utility of 9MULT: LO is higher for the Santa Cl ara workers
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than it is for the San Ranon sanpl e.

The difference in utilities between the SCHOCOL vari abl e
of the two nodels is the |argest proportional difference in
the nodels. This may be due in part to the nature of the
school districts near San Ranon and the Santa C ara County
wor kpl aces. Those near San Ranon tend to be of near uniform
high quality, while Santa Cara County school districts are
nmore of a patchwork. Sonme districts are highly ranked, such
as Cupertino and the Westgate and Al maden areas of San Jose,
but nearby schools, principally in other San Jose
nei ghbor hoods such as Al um Rock and Downt own, score
significantly worse on standardi zed scores (California
Departnent of Education 1989). A perception of relative
constancy in school district quality in the San
Ranon choice set may tend to | essen the inportance of school
quality relative to other community attributes in

determ ning residential |ocation.

| ndependence fromlrrelevant Alternatives

The fact that both the San Ranon and the Santa C ara
County nodels were nested (i.e., the LOGSUM coeffi ci ent

significantly |ower than 1) indicates that nonnested
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mul tinomal logit nodels calibrated on the sane data woul d
have violated the Il A assunption. Still, the nesting itself
does not necessarily satisfy the Il A assunption, for within
clusters of the |ower level nest, the nodel is in fact a
sinple multinomal |ogit nodel

If the Il A assunption is fulfilled, consistent
paraneter estimtes should be deriveable froma reduced
choice set as well as fromthe full set. Hausman and
McFadden (1984) devel oped a test statistic to test the nul

hypothesis that 3, = 3, where 3, is the vector of popul ation

paraneters for the unrestricted choice set and 3 is the
correspondi ng choice set with sone alternatives m ssing.
Denoting V, and V. as the correspondi ng variance-covari ance
matrices, the test statistic

(R, - B )'(V, - V)R, - B)
is asynptotically X2 distributed with K degrees of freedom
where K equals the nunber of coefficients estimated in the
reduced nodel. Frequently this nunber is snmaller that of
the full nodel due to alternative specific constants and
variables; in this case the nunber of estinmated paraneters
are equal

In order to carry out this test, five communities

selected at randomwere tenporarily elimnated from each of

t he choi ce sets. Eli mnated fromthe San Ranpn choi ce set
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were the communities of Al aneda, Gakl and, Canpbell, San
Lorenzo and Vacaville. Elimnated fromthe Santa C ara
County choice set were Menlo Park, the Al maden, Al um Rock,
West gate areas of San Jose and Union City. In addition,
househol ds sel ecting these communities were excluded, and a
nodel s with identical specification as the full nodel were
calibrated on the restricted choice sets.

For the San Ranon nodel, the test statistic was
calculated to be 5.46, well under the X2 critical point (95%
confidence, 6 degrees of freedom of 12.6. Thus for the San
Ranmon nodel the null hypothesis of equal popul ation
paraneters between the reduced and the full nodel is not
rejected. In the case of the Santa O ara County nodel, the
simlar test produced a X2 test statistic of 12.79, stil
under but unconfortably close to the critical point (95%
confidence, 7 degrees of freedon) of 14.1. The nul
hypot hesi s of equal popul ati on paraneters (and hence
satisfaction of the Il A assunption) is thus not rejected for
the Santa Cara nodel as well. The relatively high X2
statistic nmay be cause for concern, however; it nmay be that
a structure of perceived simlarities between comunities
exists wwthin current clusters and is not captured by the

specific nesting structure devel oped.
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Summary of Chapter V

Chapter V described the nmethods and procedures used in
devel oping the nested nultinomal |ogit nodels. Choice sets
were constructed of all comunities lying within a 60 m nute
aut onobil e commute of the two enpl oynent centers, San Ranon
and Santa Clara County. Comrunities were clustered for a
nested nultinomal logit analysis on the basis of nedian
home price and the percent of the housing stock in
multifamly units, and a weighting procedure was applied to
correct for differential sanpling.

Modeling results for both San Ranon and Santa O ara
County indicated a nested structure with the primary |evel
nest bei ng aggregations of communities. Mdel results were
as expected with access and affordability variables carrying
t he expected negative signs, and school quality energing as
positive and significant. The variable representing crine
levels in a community carried the expected negative sign but
was not significant. |In Santa Cara County (but not in San
Ranon), the presence of nultifamly housing appeared to have
a deterring effect on households with children. But for
both areas nodeled a significant and positive utility was
associated with multifam |y housing for househol ds earni ng
up to $50,000 (representing approximately the |owest third

of the sanple in incone terns). Thus the hypothesis that
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the presence of multifam |y housing increases the |ikelihood
of a low to noderate i ncone household selecting a particular
comunity appears to be confirnmed for the sanple. This
result can |l end support to the hypothesis that suburban

enpl oynent centers with a large nultifamly or high density
housi ng stock can stem | ong di stance conmuting by | ower

i ncone househol ds. Conversely, based on these results,

| ower i ncone househol ds enpl oyed at a suburban enpl oynment
center with I ow density housing in the vicinity would be

|l ess likely than upper inconme counterparts to sel ect nearby

housi ng.
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Chapter Vi:

Mbdel Interpretation and Policy Inplications

The final chapter of this dissertation analyzes results
of the nodels presented in the preceding chapter. The
anal ysis centers on several issues: what the nodels may
denonstrate for househol ds' | ocational decision making
processes, how these processes may affect comruting
behavi or, and potential policy and theoretical |essons that

may be deriveable fromthe study.

Model Eval uation

In Chapter V, the significance, direction and nmagnitude
of estimated utilities were evaluated, and a conparison was
made of utilities between the San Ranobn and Santa C ara
nodel s. Here, the derivation of inplied or hedonic prices
for attributes of the residential |ocation decisionis
explored briefly. Then, for policy purposes, the nodels are
used to forecast |and use and transportati on responses to

pol i cy changes.

Derivation of Inplied Val ues

The derivation of inplied values in this section

provi des a check on the reasonabl eness of the nodel s’
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estimated utilities -- a sort of "reality check"” for the
statistical procedures. However, certain estinates
presented in this section may have policy rel evance, such as
the estimated increase in nultifamly stock that would be
necessary to "overcone" real housing price increases.

Uilities in multinomal logit nodels are unitless and
make sense only in conparison with each other. However, the
ratio of utilities can be used to infer price, when one of
the variables is dollar-denom nated. In the nodels
described in Chapter V this variable would be $SQFT/I NC, or
the ratio of price per square foot to total inconme in

t housands.

School Quality

For exanple, the inplied per square foot value of an
additional point in school quality may be estinated as
fol | ows:

| u( SCHOOL) / u( $SQFT/INC) | x Y

wher e u
Y

estimated utility
househol d i ncone in thousands

For the San Ranon households, this value is estinmated
at 0.0122/0.6513 x household inconme. For exanple, for a
househol d ear ni ng $60, 000 annual Iy, the per square foot

val ue of an additional percentile point in school quality is
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$1.12, or for a 1,400 square foot house, $1,568. An

i nprovenent in school quality fromthe 75th to the 90th
percentile, then should raise the anmount this household
would be willing to pay for this house by $23,520. The
corresponding figure for the Santa C ara workers woul d be

0. 0256/ 0. 5399 x househol d i nconme, or $2.84 per point per
square foot, or $3,982 per point per 1400 square foot house.
The fifteen point junp above is predicted to be associ at ed

with a $59,724 rise in price. The discrepancy may be partly
expl ai ned by hi gher honme prices in the vicinity of the Santa
Clara County worksites, as well as by a greater variability
in school quality as explained by the previous chapter.

Wth horme values in the $250,000 to $350, 000 range, neither

figure seens inordinately high

Mul tifam |y Housing

Simlarly, it is possible to calculate the value of the
availability of multifamly housing to | ow to noderate
i ncone househol ds, using the %MJULT: LO vari able. The
question that this nunber would attenpt to answer woul d be
"how | arge a percentage increase in nultifamly housing
stock woul d be needed in particular comunity to offset a
rise in median home prices, thus |eaving the community

equal |y affordabl e to househol ds ear ni ng under $50, 000
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annual ly?" The inplicit assunption in this question is that
multifam |y housing in a coonmunity tends to be a | ower cost
alternative to the single famly hone. |Increasing the
density of a community can keep the cost of the nedian
dwel i ng constant even as prices of single famly hones
rise. Thi s val ue nay be conputed using:

u( 9MVULTI: LO/ 100 X Y
u($SQFT/ T NC)

Thus for a househol d earning $40, 000 and working in San
Ranon, the value would equal 3.43334/0.6513 x househol d
i ncone, or $2.11 per square foot per percent multifamly
housing in the community. For exanple, consider a comunity
wi th nedi an hone prices of $250,000, medi an home sizes of
1400 square feet, and 20 percent of the 25,000 housing units
in multifamly housing. Now allow real home prices to rise
to $275,000. The amount of new nmultifam |y housing that
woul d need to be constructed to offset the price rise and
render the comunity as affordable as before to this
househol d woul d be:

[0.01($275, 000- $250, 000)] x 25,000 = 2,116 units
$2.11 x 1400

The conparabl e per square foot figure for the Santa
Clara woul d be 4.4481/0.5399 x househol d i ncome, or $3.29.

Thus based on the Santa O ara County nodel, the conmunity
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descri bed above would need to add 1,357 nultifamly units to
render it equally affordable to the househol d earning
$40, 000, after the price rise.

Multifam |y housing has its costs as well, particularly
for households with children. According to the Santa O ara
nodel , the per square foot value of a percentage point drop
in multifam |y housing equal s:

u(MFCHI LD)/100 x Y
u($SQFT/ | NO)

or $5.53 per square foot for a household earning $60, 000
annually. If this is a household with children, then, the
val ue of a 1400 square foot honme in a community with 30
percent of the housing stock in multifamly housi ng woul d be
$77,420 greater than the sanme house in a conmunity with 40
percent multifamly housing. This nunber seens unreasonably
hi gh, and is probably the result of an unreasonably high
negati ve coefficient of MFCH LD

The reason that the disutility of MFCH LD m ght be
overstated is because it nmay be capturing two effects. The
first is as described above; i.e., the desire of many
househol ds to raise children in a single famly hone
situated in a low density environnent. The second effect
the variable is capturing is the desire of these househol ds
to occupy single fam |y hones, regardl ess of whether their

environnment is of a |ower or higher density. For exanpl e,
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for sone households, a single famly hone in a dense
comunity such as Mountain View nmay have no |lower utility
than the sane hone in a sparser community such as San Jose;
for these famlies the negative coefficient of MFCHI LD is
sinply due to the relative unavailability of single famly
honmes in cities with predomnantly nmultifam |y housing

st ocks.

Nevert hel ess, there may be an inportant policy
inplication in the results as they pertain to the utility or
disutility of nmultifam |y housing for households with
children. The fact that the utility of MFCH LD was negative
and significant for the Santa C ara County workers but not
for those in San Ranon may indicate a certain threshold
| evel beyond which residential density may tend to repel
| arger househol ds.

It may be that density per se is not the sole factor in
repelling | arger households. The San Ranon housi ng stock
tends to be newer than that in Santa O ara County. Many of
the multifamly units that do exist are within attractive
| andscaped conpl exes adequately planned for open space. In
contrast, much of the Santa Clara County nultifam |y housing
stock is in units of poorer quality and anenities. |If
density repel s some households with children, this factor

may partly overcomne through the provision of open space and
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other amenities together with the dense housi ng.

Exam nation of this question is beyond the scope of this
study. Adequately addressing such a question would require
housi ng type choice nodel that would facilitate an anal ysis
of the tradeoffs between accessibility, density and housing

quality.

Wor kpl ace Access

Finally, it is possible to calculate the inplied price
of access to a job site. However, these nunbers nust be
treated with simlar caution. The principal reason is that
the network data from which peak hour highway travel tines
were derived was from 1980 Metropolitan Transportation
Comm ssion skimtrees. Peak hour travel tines in many parts
of the Bay Area have increased nmarkedly since then (Chapter
[11), such that what was a 20 m nute conmute in 1980 may
easily have been a 30 mnute conmute in 1989. |If this is
the case, the coefficients of the access variables are too
hi gh, and the estinmates presented bel ow are overstat ed.

Wth that caution, per square foot estimtes of the
val ue of one mnute of travel tine nay be cal cul ated as
fol | ows: Val ue of a mnute of accessibility to the primry
worker's job site, per square foot of house =

u( HT1 ME) XY
u( $SQFT/ 1 NO)
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For a househol d earni ng $60, 000 dollars annually, this
amount equal s 0.0677/0.6513 x 60 = $6.23 for the San Ranobn
wor ker and -0.0680/0.5399 x 60 = $7.55 for the Santa C ara
wor ker. The correspondi ng per hone values for a 1,400
square foot honme are $8, 722 and $10,570. Thus a hone

| ocated 30 mnutes fromthe job site would be worth $87, 220
|l ess to the San Ranon worker than a honme 20 m nutes away;
the corresponding figure for the Santa C ara worker woul d be
$105, 700. As anticipated, these nunbers appear to overstate
the case. However, if one assunes an underestimation of
comute tinme by 33 percent, the anmounts woul d be

approxi mately $58, 000 and $70, 000 respectively. These

|atter figures appear to be within the pl ausi ble range.

Changes in Commutes in Response to Housi ng Stock Changes

One of the nost inportant uses of the nmultinomal |ogit
nodel in |and use and transportation nodeling is its
potential as a forecasting tool. Using already calibrated
coefficients, attributes of the choice sets (or the
househol ds t hensel ves) may be mani pul ated to predict roughly
the range of potential |and use and transportation system
responses to policy stinmula. VWhat vari abl es may be
considered as the relevant policy variables in a nodel wll
vary with the purpose of the study. As this study has been

structured, the critical policy variable is the anmount of
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multifam |y housing in the vicinity of suburban enpl oynent
concentrations, but other variables included in these nodels
may be considered policy variables in other contexts. For
exanple, in a study attenpting to assess the residenti al
patterns arising fromthe construction of a new hi gh speed
link, this group would include the accessibility vari abl es
HTI ME and LTIME. Studies attenpting to assess the
i nplications of honme price increases stenmng fromland use
regul ati on m ght focus on the housing cost vari abl es;
whereas public service studies mght view SCHOOL (or the
excl uded variable, CRIME) as central.
San Ranon Case

As this study has been structured, the critical policy
variable is the anobunt of nultifamly housing in the
vicinity of suburban enploynment concentrations. Two options
are tested for San Ranon. The first is raising the |evels
of multifamly housing in San Ranon and nei ghboring Dublin
10 percentage points, to the point that nmultifam |y housing
represents 36.7 percent and 38.6 percent of the housing
stock, respectively (no addition to the single famly
housi ng stock is assuned). This is equivalent to adding
1,815 multifamly units in San Ranon and 1,095 units in
Dublin, based on California Departnment of Finance (1989)

figures. The question the nodel seeks to answer is as
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follows: Under these revised conditions, how many nore
househol ds may be expected to |ocate in San Ranon or Dublin
t han under current conditions? Wich communities would be
expected to house a | ower proportion of San Ranon workers if
t he San Ranon housing stock were changed? The second policy
experinment entails boosting the nmultifamly proportion of
t hese conmmunities' housing stocks to 50 percent, a figure
typical of the communities studied in Santa Cl ara County.
Partial results of the sinulation are presented in 20,
whi ch sunmmari zes results for all those comunities forecast
to gain or to | ose San Ranon workers under the alternative
housi ng stock scenari os descri bed above. The first colum
represents the forecast when San Ranon's nmultifam |y housing
stock equals 36.7 percent and Dublin's 38.6 percent of the
total. The figures in colum 1 represent that percent of
the sanple forecast to live in that conmunity that did not
reside there before; thus 1.7 percent of the sanple (over
and above those currently living there) would be forecast to
opt for living in San Ranon under the new housi ng stock
conditions. Simlarly, one half of one percent of the
sanpl e of San Ranon workers is forecast to opt against
living in Benecia in response to the housing stock change.
The second colum represents the forecast |ocational

response when both San Ranon and Dublin include 50 percent
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multifam |y housing in their housing stock. The final two
col ums represent approxi mate autonobile travel tine and
travel distance fromeach community to San Ranon.

Wth the exception of WAl nut Creek, all comrunities
forecast to | ose San Ranon workers are at |least 10 mles
renmoved from San Ranon. In general, the devel opnent of
multifam |y housing nearby the enpl oynent concentration in
San Ranmon is forecast to divert households fromrelatively
| ow cost, nore renote communities. This indicates
consi derabl e potential for a commute reduction policy based
on | ocal affordabl e housing.

Even the exception to this rule -- WAl nut Creek --
presents an interesting case. Walnut Creek is relatively
near San Ranon and of fers expensive housing (the nedi an
price for a single fam |y hone is $300,000) but offers a
hi gh proportion of multifamly housing as well; 59 percent
of WAl nut Creek's housing stock is in nultifam |y housing.
Thus it represents a relatively affordable community from
whi ch noderate i ncome househol ds woul d be drawn were nore
af f ordabl e housing to be constructed in San Ranon and
Dubl i n.

To check the reasonabl eness of these results it is
possible to calculate the proportion of new nultifam |y

housi ng in San Ranon that woul d be occupi ed by San Ranobn
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workers, if these results held. The Association of Bay Area
Governnents (1989) projects San Ranon 1990 enpl oynent at
24,109 jobs. The first scenario would have increased
housing units in San Ranon and Dublin by 2,910 units;
extrapol ating the sanple results to the San Ranon enpl oyee
popul ation would inply an additional 1.7%+ 1.03% = 2. 73% of
San Ranmon workers residing locally, or 658 workers. Under

t hese assunptions, the percent of new nultifamly units that
woul d be occupi ed by San Ranon wor kers woul d be 22.6

per cent .

Anot her approach to analyzing the potential results of
altering the housing stock is presented in 29 and 29,
representing the cunul ative distribution of conmutes (up to
1 hour) to San Ranon, under current and nodel ed conditions.

29 represents actual data fromthe workplace survey,
whereas 29 represents nodeling results for a base case with
current conditions assuned, as well as the two alternate
scenarios described. First it should be noted that the
nmodel ing result (29) matches the survey-based data well, if
not exactly. The nodel appears to do a adequate job of

simulating current conditions.
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Figure 30: Cunulative Commute Tine Distribution, from
Survey Data, San Ranon Wrkers, 1989
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Figure 31: Cunul ative Commute Tine Distribution, Forecast
for San Ranon Workers Under Alternative Miultifam |y Housing
Scenari os
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The nodel's prediction of the distribution of commutes
is shown in 29. The picture is one of reduced conmutes
overall, with the greatest differences occurring in the
m ddl e of the range. For exanple, the difference between
the 40th percentile commute under the base case and the sane
comut e under the 50 percent nultifamly scenario is nearly
five mnutes.

The result tends to confirmthe jobs-housing bal ance
approach to transportation planning that presunes that
peopl e woul d sel ect housing that reduces their conmutes if
it were available at affordable prices. It should be noted,
however, that both workers in a dual worker household may
not work in San Ranpon; a nove to the area could conceivably
entail an increase in the commute of the non-San Ranon
wor ker. However, those househol ds that would be nost
susceptible to diversion to nearby |iving would be those for
whom t he nove shortens both conmutes.

The results presented above may underestinate the
comut e reducing potential of nmultifamly construction in
these comunities, for three reasons. First, as described
above, communities falling beyond 60 m nute drive from San
Ranmon were excluded fromthe analysis in order not to
perturb the results of the nodel with potential comutes

that represented relevant options for only atiny mnority
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of San Ranmon commuters. Commuters fromthese communities
were excluded fromthe forecasting as well in order not to
i npute characteristics on untested data. An explicit
forecast as to the behavior of these groups when faced with
i ncreased supplies of nultifamly housing would require a
housing type nodel in order to capture explicitly the
tradeof f between affordabl e but dense housi ng nearby and

| arger renote single famly honmes. But to the extent that
these | ong di stance commuters cone from noderate i ncone
househol ds, they nmay be anenable to living in potenti al
multifam |y housing nearby their workpl aces.

Second, the results presented below are for the
househol d's primary worker only. Those mul tiworker
househol ds that woul d be nobst anenabl e to nearby higher
density living would be the ones for whomthe nove to Dublin
or San Ranon reduces both commutes, not just one.

Finally, the nodels understate the commute reducing
potential of nmultifamly devel opnent because they include
only those primary wage earners actually working in San
Ranmon. A new condom niumunit in San Ranon occupi ed by, for
exanple, a Dublin worker in all |ikelihood represents a
shortened commute conpared to alternative residential
| ocations; the sane may be true for Pl easanton, Livernore

or other workers residing in San Ranon. The nodel sinmulates

185



t he behavi or of San Ranon workers only,

capture these potenti al

Tabl e 20:

Wor ker s under

ef f ect s.

Cities Forecast to Gain or

and thus fails to

Lose San Ranon

I ncreased Multifam |y Housing Scenari os
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Percent Percent Aut o
Tr avel
Change, Change, Travel Ds

Cty Mul tifam Multifam M nut es Ml es

San Ranpn 1.70% 3. 08% 4 2

Dubl i n 1.03% 1.95% 10 6

Haywar d -0.06% -0.06% 30 12

Ant i och -0.07% -0.20% 39 29

Pl easant on -0.09% -0.08% 14 10

Pittsburg -0.13% -0.28% 35 26

San Leandro -0.13% -0.13% 25 18

Marti nez -0.14% -0.28% 33 21

Li vernore -0.14% -0.15% 24 17

Concord -0.20% -0.19% 29 17

Pl easant Hill -0.39% -0.86% 20 13

Beneci a -0.50% -0.80% 31 23

0, - 0,
Tabl e \%I:nu (t:rl%%k For ecast9 é) Gai ]ﬁ 70% /OLosel%ant a d agra
County Workers under Increased Multifam |y Housing
Scenart o
Gty Percent Change, Add
10% Mul tifam|ly

Los Altos 7.48%

SJ: Berryessa 4.54%

Sar at oga 3.21%

SJ: Zipcode 95125 2. 03%

San Ranbn 1.50%

Palo Alto 1.27%

M| pitas 1.27%

Danvill e 1.20%

Santa C ara -1.10%

Los Gatos -1.27%

Campbel | -1.85%

SJ: Al naden -2.55%

SJ: Canbrian/ Bl ossom Hil | -2.73%

Cupertino -3.11%

SJ: Westgate -3. 35%

Mount ai n Vi ew -5.92%




Santa Cl ara County Case

The case of the Santa O ara County workers is
considerably less clear, for two major reasons. The first
is the | ower explanatory power of the Santa C ara nodel.
More inportant is the significant negative utility
acconpanyi ng MFCHI LD, the percentage of multifam |y housing
in a comunity appearing in the utility function for
households with children present. On the one hand,
simulating growth in the nultifamly housing stock in these
comuni ties does tend to attract |ow to noderate incone
househol ds to local living, but at the sanme tinme it pushes
away | arger households with children. The net result of
these forces varies (21).

Only one policy option was tested for Santa Cl ara
County because of already high levels of nmultifam |y housing
in Santa Clara County. The scenario increased the
multifam |y housing stock in these conmmunities 10 percentage
points over the current: to 81%in Muntain View, 64%in
Sunnyval e, 62%in Santa Clara, 51%in Cupertino and 41%in
the 95125 area of San Jose. O these communities, only one
-- the 95125 district of San Jose -- was positively affected
by these changes, gaining an estimated 2 percent of Santa
Clara County workers. Significantly, this is the

comunity with by far the | owest supply of nultifamly
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housing in the area; at 31 percent nmultifamly its density

is closer to San Ranon than to the rest of industrial Santa

Clara County. The draw of additional rmultifamly housing in
this community appeared to overcone its repellant aspect.

Q her communities gaining Santa C ara County workers
fromthe change in the housing stock were often | ess dense
cl oseby communities. These would presumably be attractive
t o househol ds avoi di ng the higher density environnents of

Mountain View, Cupertino and Santa d ara.
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The anmbiguity of the results for Santa Clara County is

reflected in travel tinme distributions as well.

The

cunul ative distribution based on survey data is depicted in

Proportion of Commuters

0.8
0.6 -
04
0.2
0 | | | | |
0 10 20 30 40 50 60
Minuteg (Automobile Commute)
Figure 32: Cumul ative Comrute Tine Distribution, from

Survey Data, Santa Clara County Wrkers, 1989
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32; its slope is considerably steeper than that of the San
Ranmon workers, indicating the generally shorter commutes in

Santa Cl ara County.
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Figure 33: Cunul ative Commute Tinme Distribution, Forecast
for Santa O ara County Workers Under Alternative Miultifamly
Housi ng Scenario
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Model ed results are presented in 33. The base case may
be conpared to the actual data presented in 32. The nodel
appears to capture the steepness of the slope of the actual,
but perhaps in excess. Over nost of the range the nodel ed
base case results are steeper than those fromthe survey
data, with shorter commutes than actually occur.

The effect of the addition of rmultifam |y housing
varies. At the low end of the distribution the addition of
multifam |y housing appears to be successful in shortening
commut es overall, but the distributions cross |later on,
yi el di ng anmbi guous results. The overall effect does appear
to be one of shortening conmutes, however. Were the two
distributions are not overl apping, the distribution
representing the increased multifamly scenario |ies above
that of the base case, and thus indicates shortened
comutes. Although results for Santa Cara County are nore
anbi guous than those for the San Ranobn workers, the
direction of the effect of nultifamly devel opnent on
comut es appears to be simlar.

The limtations of this forecasting exercise nust be
enphasi zed. Sanples were not representative of the general
enpl oyee popul ati ons of the areas studi ed, but exhibited
systenmati c biases towards higher income populations. In

general, the inputing of utilities based on current

192



conditions to the future is speculative and fraught with
uncertainty. The multinomal |ogit nodel as specificied in
this study in particular should be viewed as strictly a
short termforecasting tool. The nobdel envisages househol ds
selecting fromcomunities that are static in their
characteristics (save any policy variables that are
altered); it is not designed to anticipate the ways the
comunities thensel ves may devel op in response to new
patterns of devel opnent. For exanple, what were sl eepy Bay
Area fringe communities two decades ago have been
transforned into prosperous suburbs with a reputation for
hi gh costs, services and anenities. This transformation
woul d not have been predicted by an analysis simlar to this
study's, which treats attributes of the choice sets
essentially as fixed.

Thus estimates developed in this section should thus be
vi ewed cautiously as indicating potential directions and
orders of magnitudes of effects rather than precise
predictions. Al this notw thstanding, these results are
referred to as "forecasts" and not nerely "projections," not
because of a great faith in their accuracy, but because they

represent nore than a nere extrapol ation of current trends.
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Policy Inplications of Findings
Cervero (1989) asserts that "(t)he principal reason for

j obs-housing m smatches is that ad hoc nmarket forces have
general |y shaped suburban growh in nost U S. netropolitan
areas." He hypothesizes five forces leading to the

i nhal ance, two of which are denographic trends (two wage

ear ner househol ds and job turnover) and three of which are
t he product of planning and public decision nmaking rather
than the market: fiscal and exclusionary zoning, growth
nmoratoria and wor ker earni ngs/ housi ng cost m snat ches
generated by fiscal zoning and growth ceilings. The problem
does not appear to be not enough planning, but rather a

pl anning style that seeks a | ocalized kind of environnmental
quality (defined as large lot single famly devel opnent)
without full regard for nore regional concerns. The problem
may in fact be too little reign given to the market rather
than too nuch. Ceneral plans and zoni ng ordi nances
typically do not define mninmumdensities but rather nmaxim

The policy expressed in the San Ranon Housing Elenent (City
of San Ranon 1990) of restricting high density housing to
just one of the City's eight planning subareas may be seen
as one exanple of this phenonenon. It may be that all ow ng
devel opers to build nore densely near suburban job centers

is all the incentive needed to produce significant
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residential densification near many suburban enpl oynent
centers.

Results of this study are in accord with the jobs-
housi ng bal ance approach to netropolitan transportation
pl anni ng; when concentrations of suburban enpl oynent are
mat ched with sufficient affordable housing, househol ds seek
to reduce commutes. Inportantly, this approach is strictly
a voluntary, incentive based system it is based on
harnessing individuals' own desire to reduce comutes,
rather than inposing travel or node restrictions that would
be politically unpopular and intrusive on individuals'
lives.

Still, there are many sides to the jobs-housing bal ance
conplex. As evidenced by nodeling results from Santa O ara
County, a policy of increasing housing density may
eventual |y suffer from decreasing or even negative margi na
returns in its commute reducing potential. Replicating
urban levels of nmultifam |y housing in suburban enpl oynent
centers may eventually incur the costs of central-city style
devel opnent in congestion and in-comuting by |arger
househol ds wi thout the crucial transportation advantages of
a central |ocation. Results of this study in this regard
are specul ative due to incone biases in the sanple; further

research on the potential deterring effect of suburban
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density i s needed.

Yet the potential of denser devel opnent to repel sone
househol ds seeki ng | ower density environnments may be
mtigated through the adequate planning and zoni ng of
multifam |y housing. Such planning will ensure open space
for residents, as well as privacy sufficient to afford them
sone of the anenities of the nore renote single famly house
t hey may now be foregoing.

The potential repelling effect of denser housing in the
suburbs shoul d not be overstated. |In virtually all suburban
Bay Area housing markets housing affordability remains the
central issue to nost households. Results of this study
suggest that policies to enhance that affordability through
housi ng density overall will have the desired effect in
comute reduction. Mdel results appear to indicate that
even the comunities studied in Santa Cara County, the
densest of the Bay Area's suburban subregions, stand to gain
fromnmultifam |y devel opnent.

Af f ordabl e housing's commute reducing potential is of
course dependent on its occupancy by enpl oyees of nearby job
sites. Results discussed above indicate that |ess than one
quarter of new housing in the San Ranon vicinity may
actual ly be occupied by San Ranon workers. Policies to

generate acceptance of nearby housing on the part of | ocal

196



wor kers can hold significant benefits in commute reducing
potential. Wen a devel oper builds housing in a community
he or she is indifferent to its occupancy by | ocal workers
or by comuters. |In contrast, to the extent that conmute
reduction seen as a public goal, it is in the community's
interest that the housing be occupied by |ocal workers
rather than out-commuters. It is not difficult to envisage
comuni ty- devel oper agreenents that would stipulate the
nature and extent of locally targeted marketing for newy
constructed housing in order to attenpt to boost the

proportion of housing occupied by |ocal workers.

Equity and Efficiency

The benefits accruing froma policy to achieve a
spatial match between affordabl e housing wi th suburban job
centers have ramfications at the juncture of equity and
efficiency, the often conpeting goals of urban | and use and
transportation planning. Wen a higher incone household
opts to commute sone distance to work rather than |iving
cl oseby, there are effective limts on this household's
comuting range. The high value of travel tinme of workers
fromthis household places a fairly tight boundary on the
residential communities acceptable to this upper incone

househol d.
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But when nunicipal policies send |ow to noderate incone
househol ds out of town in search of affordable housing, they
run the risk that the commute thus generated wll be
consi derably | onger than that bargained for. The
househol d's | ower valuation of travel tine, conbined with a
search for the elusive affordable single famly hone, can
preci pitate overlong comrutes, generating excess pollution
and congestion all along the way. The rationale that
"sonmebody is going to commute to these suburban job centers,
and it doesn't matter if it is the rich or the poor" is
probably fallacious. Rather, given the nultiplicity of
forces acting on | ocating households, the surest policy to
m nimze commutes would be a policy to give househol ds of
all incone groups viable housing options in a variety of
| ocati ons.

There may be an even deeper reason for planners to be
concerned about the inplications of spatial m smatches
bet ween suburban job centers and affordabl e housi ng.

Pl anners' anal ytical nodels, as well as their style of
operation, presune individual actors making unfettered

choi ces anong | and use and transportation alternatives.

When planning restricts those alternatives by locking in the
single fam |y house as the exclusive or dom nant suburban

nodel , it precludes the kinds of individual decision nmaking
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that can serve public environnmental quality goals. A
pl anning style that seeks to enhance those alternatives --
alternatives to the single famly honme, or alternatives to
| ong di stance autonobile commuting -- allows the systemto
work by allowi ng individuals to choose comut e-m ni m zi ng
options. Results of this study indicate that when provided
these options individuals will tend to take them
Transportation planners point out the externalities of
hi ghway congestion; the individual enbarking on a trip
considers the congestion he or she is liable to suffer, but
not the congestion the trip would inpose on other travellers
in the system The planners' interpretation is evident, but
the fact remains that a great share if not the nmgjority of
congestion costs are internal. By renpbving barriers to
comut e-m ni m zi ng behavior, an effective policy of
af fordabl e housing in the vicinity of suburban job centers
can harness the private interest in reducing travel tine to

attack social problens of excess congestion and poll ution.

Theoretical |nplications

At the beginning of this study, three typol ogies of
enpl oynent subur bani zation and the | and use and
transportation systemresponse to it were delineated: 1)

The sparse enpl oynent suburb in which noncentral enploynment
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is relatively dispersed and does not significantly affect
the pattern of concentric rings of decreasing density and

i ncreasing inconme radiating out fromthe center of a
metropolitan area; 2) The low residential density suburban
j ob center in which inportant suburban enpl oynent
concentrations exist but |ocal |and use policy resists the
devel opnent of concentrated residential devel opnent; 3)

The high density center in which inportant suburban

enpl oynent concentrations lead to significantly increased
residential density nearby.

The maj or question this study has attenpted to address
is that of the effect of enploynent and housi ng stock
conditions on commutes by inconme. O the two detailed study
areas, San Ranon with its nearly three-quarters single
fam |y housing stock best matches the | ow density center
typol ogy. As predicted, for workers enployed in that
comunity, a negative relationship exists between conmute
time and househol d inconme; the conmmute distribution of
| ower incone househol ds was markedly | onger than that for
upper incone households. The power of incone alone to
explain commute tine is not great, |argely because suburban
commutes are an artifact of the choices available to
| ocati ng househol ds. The sel ection anong t hese choi ces was

anal yzed within a discrete choice framework, which further
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illustrated both the overarching inportance of access to
work and the rel evance of dense alternatives to the single
famly home for households in the | ower end of the incone
spectrum

Wth their largely multifam |y housing stock, the
i ndustrial communities of Santa Clara County match the high
density center typology quite closely. The original
expectation for such comunities was that residential
density could overcone high |and costs, thus enabling lowto
nmoder at e i ncone househol ds to reside close by suburban
enpl oynent centers. This may be the case in northern Santa
Cl ara County, where conmute di stances appear i ndependent of
househol d incone, at |least within the incone ranges studi ed.

This occurs despite a surplus of jobs over housing units
over large regions in the Silicon Valley, and the massive
i n-commuting that situation necessitates (Chapter 111).

The phenonenon of a negative relationship between
comute and i ncone (such as that found for San Ranobn) may be
seen as a contradiction of the nonocentric nodel's
expectation of increased commutes with increasing incones.
Such is not the case. Were residential densification is
allowed to take place the negative relationship is reduced
or elimnated. Monocentric nodels of |ocation may in fact

be useful tools in describing polycentric urban areas, by
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treating subregional centers as centers in their own right.
But strict suburban | and use controls can inpede the
nmonocentric logic fromoperating. Wen this restriction on
density is viewed as a variable, the old driving forces of
t he nonocentric urban nodel -- affordability and access --

still emerge as powerful shapers of urban form

Questions for Further Research

This study was of a single netropolitan area; the San
Franci sco Bay Area. A nore universal theory of the effects
of enpl oynent suburbani zation on the commutes of different
i nconme groups will depend on enpirical study of a variety of
metropolitan areas, including those in |ower priced areas of
the country. Research in this subject should avoid bl anket
generalizations on the effect of enploynent suburbanization,
focusing rather on the inpact of local |and use conditions
on the transportation response to decentralizing enpl oynent.

Progress in identifying energi ng suburban commute patterns

w Il emanate from di saggregate studies of particular
metropolitan areas.

Aggregate nati onw de studies will continue to suffer
fromthe ecological fallacy of inputing to individuals the
characteristics of the groups within which they are

anal yzed. They will continue an unproductive disregard for
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| ocal land use conditions and policies, potentially the nost
i nportant policy variables for charting a course in a
rapi dly suburbani zi ng envi ronnent.

Thus this study of the San Franci sco Bay Area needs to
be conplenented with simlar studies of major netropolitan
areas around the country and abroad. Wthin the San
Franci sco netropolitan area, the present study was based
upon data fromrelatively circunscri bed enpl oynent centers.

Housi ng stock changes in a given community can affect
comutes not only to that community but to its neighbors as
well. Simlar studies enploying nore conprehensive data
sets will better forecast the overall effect of policy
changes on commutes. This is particularly crucial in regard
to the representativeness of the sanples; the fact that the
current study sanpled a relatively high income segnent of
subur ban enpl oyees renders many of its concl usions
tentative.

The net hodol ogi cal probl em of how to incorporate both
workers in the | ocational decision nmaking process of dual
wor ker househol ds has vexed transportation planners for
years. This study attenpted to understand the relative
i nfl uence of the secondary worker by tenporarily excl uding
that person fromthe anal ysis and seeki ng evi dence of

greater or |esser explanatory power under alternate

203



stratification schenes. Wile conclusive results on the
i nfluence of both workers in nultiworker househol ds were not
reached, that approach may be further explored to test
hypot heses on the appropriate way to incorporate this
information into future nodels.

The present study indicated a poteEﬁial det errent
ef fect of suburban density on households with children.
This is a question that deserves further research to
ascertain if there is a point in the course of a community's
densification this phenonenon becones inportant. |If a
deterrent effect exists, is it related nore to density per
se or to the anenities or |lack of anenities offered by
denser housi ng?

Questions surroundi ng the tradeoff between commute
di stance and housing quality or size are best addressed
within the framework of a nodel that includes a housing
choice nodel, either jointly with the community sel ection
nmodel , or as a separate level in a nested structure. Such a
nodel should allow for a different decision structure
bet ween various inconme groups. For exanple, it may be that
t he housi ng type/ community choi ce decision of upper incone
househol ds is best nodeled in a nested structure in which
househol d first select a housing type (e.g., single famly

hone) and then sel ect conmunity. |In contrast, the decision
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process of | owto-noderate incone households may be nore of
a joint nature in which a tradeoff is nade between cl ose by
dense living and nore renote | arger housing types.

Model s estimated in this study excluded the | ongest
di stance commutes, due to the effect of these comutes on
the validity of the Il A assunption. There is no conpelling
reason why the nested multinomial |ogit®™ nodel should not be
able to account for this and include very renote communities
wi thin an enpl oynent center's commute shed. The only
requi renment would be to develop clusters of conmunities

within which the Il A assunption is satisfied. This study

A nore w despread use of nested nultinonmial logit analysis
wi |l hinge inportant software advances. LINDEP, whil e adequate
and perhaps the best commercially avail able software for
calibrating multinomal |logit nodels, neverthel ess has several
features that needl essly slow the nodeling process and hanper
rapid refinenent of nodels. First, its FORTRAN code is not
readily conpil abl e on a nunber of mainfranes w thout nodification
requiring significant programm ng expertise. Second, it |acks an
error trapping routine, frequently presenting the user with
conpiler or operating systemerrors that are nearly useless in
hel ping to identify and repair problens with the data or the
commands. Finally LIMDEP's nested nultinomal logit routines are
i ncapabl e of determ ning which choices belong to which nest (and
consequently which nests are accepted and which rejected) wthout
a set of counting variables generated by the user. The difficulty
is that while elimnating an observation fromthe data set is
sinpl e enough, elimnating or adding an alternative requires
reworking of the entire data set. Nested logit software should be
able to identify nenbership in a particular nest by neans of a
single identifying variable, and acceptance or rejection of that
nest the independent variable within the nest. 1In this fashion
nodi fyi ng the choice set would be as straightforward as sel ecting
t he observations, the crucial iterative process of node
refinenment would be facilitated and nodel s consequently inproved.
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attenpted to limt the nunber of community types by
classifying comunities in the two di nensions of housing
price and nultifamly housing stock only. Adding a third
di nensi on of distance nmay all ow nested nmultinomal |ogit
nmodel s to anal yze sinmul taneously the selection of both
nearby and renote residential comrunities.

This study focused on energing comrute patterns by
i ncone for suburban enploynment centers. Center city
patterns may be changing as well, as indicated by the
weakness of the still positive relationship between incone
and commute di stance for the San Franci sco-enpl oyed workers
in the 1989 survey. It may be that in many netropolitan
areas, |ower inconme households will be forced to commute
| ong di stances whether they are enployed in the center city
or in the suburbs. This issue will require detail ed,
di saggregate study of center city workers over tine to

determ ne such large scale comuting trends.

Concl usi on

The conditions nodeled in this study represent a single
point in tinme, a snapshot in a continuum of devel opnent
patterns that are constantly evolving. Many of those
comunities that appear to be lacking in alternatives to the

single fam |y hone today have al ready added consi derabl e
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anounts of multifam |y housing over the past decade, and may
in fact be on a path towards devel opnent patterns that w |l
af ford househol ds the kind of choices referred to in this
chapter.

The future course of these communities is still open.
The chal | enge of planning research is to achieve a marri age
of analytical tools and a clear policy focus to chart
potential outcomes of alternative futures. It is becom ng
i ncreasingly clear that decision nmakers in suburban
comuni ties nust recogni ze tradeoffs between hi gh enpl oynent
| evels, low density residential environnments and uncongested
hi ghways; these three traditional goals may not be
achi evabl e si nul taneously. Wen communities offer a range
of dwelling and comruti ng choi ces, individuals and
househol ds will respond in ways that can neani ngfully

inprove the quality of living in netropolitan areas.
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