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Transit-oriented development, which clusters high-density, 
mixed-use development around transit stations, has been 
proposed as a way to reduce automobile travel in the San 
Francisco Bay Area and elsewhere. This paper relates 
research on neighborhood characteristics and vehicle travel 
to specific Bay Area characteristics. The analysis shows 
that, even using optimistic assumptions about travel 
behavior, redeveloping the area around most of the existing 
rail transit stations, coordinating similar development 
around feeder bus routes, and clustering close to one-fifth 
of the region's population in these areas would reduce 
vehicle miles traveled in the Bay Area by just 5 % .  If 
current trends continue, this would offset only three years 
of growth in vehicle miles traveled. Thus, transit-oriented 
development is unlikely to have a significant impact on 
regional vehicle miles traveled and traffic congestion. 
Although transit-oriented development may have other 
worthwhile benefits, it is inappropriate as the cornerstone 
of the Bay Area's congestion management strategy. 

Traffic congest ion is a crit ical problem in the San F rancisco Bay 
Area. I n  1 990, peak-hour comm uters experienced rough ly 68 m i l l ion 
hours of delay, equ ivalent to over one-th i rd of tota l travel hours (MTC 
1 994a, 3 7). 1 Us ing the Metropol itan Transportat ion Comm iss ion 's  
(MTC) est imate of the va lue of t ime, $ 7.28/hour ( $ 1 993) (MTC 1 994a, 
5 7), this corresponds to a tota l socia l  cost of approx imately $ 500 
m i l l ion per year. Accord ing to annua l  pub l ic  op in ion po l l s, 
transportation was the most important problem in the Bay Area for the 
n i ne years from 1 983 through 1 99 1  (Bay Area Counc i l  1 994), most 
l i kely because of concerns about traffic congest ion. 2 

Congestion is expected to get worse in com ing years as growth i n  
veh ic le m i les trave led (VMT) outpaces growth i n  transportation 
network capacity. Bay Area dr ivers logged approx imately 34 b i l l ion 
VMT i n  1 990. Th i s  f igure i s  projected to i ncrease to 46 b i l l ion by 
201 0 due to a i ncrease in popu lation (of 2 5 %) and per capita VMT 
(8%) (MTC 1 994b).3 Employment i s  expected to grow even more 
rapid ly than popu lation ( 33% from 1 990 to 201 0) (MTC 1 994b). 
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Because of these changes, the MTC projects that peak-hour delays w i l l  
increase b y  4 9 %  between 1 990 a n d  201 0 (MTC 1 994a). 

The central chal lenge for Bay Area transportation planners is to 
accommodate future population while address ing chron ic traffic 
congest ion that th reatens to get worse. Transit-oriented deve lopment 
has been advanced as one poss ib le answer. Despite assert ions that it 
could impact travel patterns, l ittle quantitative analysis has been done 
to gauge the magn itude of its potential effects on regional VMT or 
traffic congest ion.  

This paper attempts a r igorous assessment of the potent ia l  of transit­
oriented deve lopment to reduce regional VMT in the Bay Area . It uses 
a th ree-step process. F i rst, two model transit-oriented developments 
(TODs) are defi ned . Second, the impac: of each model TOD on per 
capita VMT is est imated . F i na lly, these est imates are aggregated over 
the Bay Area to determ ine the potential regional impact of TODs. The 
implications of the analysis are briefly d iscussed at the end of the 
article. 

I t  is important to note at the outset that the ana lys is  has s ign ificant 
l im itat ions. F i rst, it uses hypothetical, sty l ized models of TODs to 
est imate regional impacts . Because many TODs would be located i n  
i nf i l l  and  redevelopment areas, and  because they would need to  adapt 
to specif ic commun i ty characterist ics, actual designs may vary 
substantially. The styl ized TODs used here may not adequate ly 
approx imate the true nature of the TODs that would be bu i lt in the 
Bay Area. Second, the analys is focuses on residential development 
and does not d i rectly address the role of TODs i n  a lter ing commercial 
development patterns. G iven that job growth is expected to outpace 
populat ion growth in the Bay Area, the location of commercia l  
development is cruc ial. Th i rd, the analysis does not eva luate poss ible 
i nteract ions between TODs and other transportat ion strategies, such as 
pr ic ing changes. F i nal ly, the analysis only looks at potent ia l  VMT 
impacts . It does not consider other poss ib le benefits of TODs. 

What is Transit-Oriented DevelopmenH 

In recent years, a •new urbanism• has been the subject of 
i ncreas ing interest in urban design c i rcles. Different manifestat ions of 
the movement i ncl ude transit-oriented deve lopment, pedestrian 
pockets, and trad itional neighborhood development. Fundamental ly, 
these designs attempt to reth ink suburban development by making 
•commun it ies more diverse and integrated in  use and populat ion; 
more walkable and human-sca led" (Ca lthorpe 1 993). Among the most 
v is ib le proponents of the new urban ism are arch itects such as Peter 
Calthorpe ( 1 993) and Andres Duany and Elizabeth P later-Zyberk 
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( 1 99 1 ) . Their design ideas have been fully i mplemented on a large 
sca le in only a few developments, i nclud ing Calthorpe's Laguna West 
near Sacramento, California, and Duany's and Pl ater-Zyberk's Seas ide, 
F lorida, and Kentlands, i n  Gai thersburg, Maryland. 

Th is  paper focuses on trans it-oriented deve lopment, which may 
d i ffer from conventional suburban deve lopment in any or a l l  of the 
fo l low ing ways: 

• Higher dens ity 

• Mixed res identia l  and commerc ial uses 

• Design focused on a trans it  fac i l i ty 

• Pedestr ian-fr iendly design 

• Use of a grid of through-streets (rather than cui-de-sacs and 
co l l ector streets) 

• Provis ion of s ign ificant public space and commun ity fac il it ies . 
• Trad it ional  arch i tecture 

In many ways, TODs m i m ic early-20th century streetcar suburbs i n  
the i r  density, street layout, and  transit focus. From a design 
perspective, they attempt to bring a human sca le and neighborhood 
character to the suburbs. Possible benefits i nc lude the i r  aesthetic 
appea l ,  more affordable hous ing un its, and potent ia l  to promote a 
sense of commun ity. Some transit-oriented development is a l ready 
occurr ing in the Bay Area, inc lud ing "transit v i l l ages" be ing planned 
around several Bay Area Rapid Transit (BART) stat ions and several 
deve lopments around Santa Clara County light ra i l  stat ions and 
CaiTra i n  comm uter rail stat ions (see, e.g., Knack 1 995,  Bern ick and 
Ha l l 1 992,  and Z i nko 1 994). 

Because transit-oriented development is a general design concept 
rather than a specif ic development prototype, I defi ne two model 
TODs to focus the analys is .  The two models do not cover the ent i re 
spectrum of possible TODs, but they are meant to be representative of 
the general k ind of suburban TODs that may be bu i lt in the Bay Area. 
They are as fol l ows: 

1 .  Rail TOO: A "rail TOD" i s  a h igh-density, m i xed-use 
development around a ra il transit station .  I t  is modeled after 
Calthorpe's ( 1 993) " U rban TOD," us ing densit ies given in jeer 
( 1 994). I t  is c i rcu lar, with a rad i us of 2,000 ft (the max imum 
d i stance people · are generally wil l i ng to  wa lk  to  a trans i t  
stat ion (Downs 1 994, 2 2 1 ;  Hamburger 1 982,  293)) and a total 
area of 288 acres. A ra il transit station is located at its center. 
I t  conta ins  30 dwell ing un its per acre (du/acre) i n  the 
immed iate area of the ra il stat ion, and 8-1 6 du/acre farther 

5 7  



Berkeley Planning journal 

out, for an average res idential density of 1 8  dulacre.' Th i rty 
dwe l l ing un its per acre roughly corresponds to th ree- and four­
story apartment bu i ld i ngs, 1 6  du/acre to townhouses, and 8 
du/acre to smal l- lot s ingle-fam i ly homes. Th i rty-five percent of 
the ra i l  TOO's area is devoted to res idential uses, so it 
conta ins 1 ,820 dwel l i ng un its housing 4,900 people 
(neglect ing vacancies), or 1 0,800 people per square m i le .  For 
comparison, some BART stat ion areas are already bu i lt-up at 
30 du/acre; and 1 2  du/acre is considered to be the m i n imum 
density necessary to support ra i l  transit (Jeer 1 994). 

2 .  Bus TOO: A "bus TOD" is a med i um-density, pr imarily 
residential development around a bus route feed ing i nto a ra i l  
transit stat ion. The bus TOD i s  modeled after Calthorpe's 
( 1 993) " Neighborhood TOD." I t  is the same s ize and shape as 
the ra i l  TOO, but has a lower res idential density - 1 0  dulacre. 
F i fty-five percent of the bus TOO's land area is devoted to 
residential uses; and it conta ins 1 , 590 dwell i ng un its hous ing 
4,300 people - a population density of  9,400 people per 
square m i le. For comparison, 7 du/acre i s  typ ica l ly 
considered the m in imum density necessary to support local 
bus service (Cervera 1 993, 46; Pushkarev and Zupan 1 977, 
1 85-1 86), a lthough Pushkarev and Zupan point out that this 
th reshold can range from 2 to 10 du/acre depending on 
specific local factors. 

The two types of TODs are complementary. Calthorpe ( 1 993) 
envis ions a network of transit routes, with ra i l  TODs centered on ra il 
stat ions and bus TODs l inked to the ra il transit system by a feeder bus 
network. For s impl ic ity, th is analys is assumes that each ra i l  stat ion 
with a ra i l  TOD is served, on average, by a feeder bus serv ing th ree 
bus TODs. Each c luster, consist ing of one ra i l  TOO and th ree bus 
TODs, would house a tota l of 1 7,800 people. 

Impact of TODs on per capita VMT 

Despite its importance to transportat ion plann i ng, the effect of land 
use on trave l behavior is poorly understood (Pickrell 1 994). Therefore, 
th is  paper does not attempt a precise est imate of the impact of TODs 
on per capita VMT. Instead, it uses the resu lts of previous stud ies, as 
wel l  as a re-ana lys is  of the data used by Holtzclaw in h i s  1 994 study of 
the re lationsh ip between residential density and VMT, to construct a 
range of est imates of the possible effects of TODs. 

To frame the d iscussion, I have identified six TOD characterist ics 
that m ight affect VMT: 
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1 .  Density. The model TOOs conta in ,  on average, 1 0  or 1 8  
du/acre - more than the current Bay Area average of 6 .3  
du/acre (MTC 1 994a), and more than  the  typical res idential 
suburb (4.0 du/acre, based on data i n  MTC 1 994a). Most 
TOOs currently under development are targeted at suburban 
households, so this analys is  assumes that TOOs d isplace 
typical suburban developments of 4.0 du/acre. Th us, the rail 
TOO is  4.5 t imes more dense than the developments it would 
d isplace, and the bus TOO is  2 . 5  times more dense. 

2 .  Transit Access. T h i s  study uses Holtzclaw's ( 1 994) Trans i t  
Access ib i l ity I ndex (TAl): the number of buses pass ing with i n  
1 /4 m i le, plus the number o f  ra i l  cars pass ing with i n  1 /2 m ile 
of a res idence each hour. For rail TOOs, the analysis assumes 
that tra ins  conta i n ing four  cars each (more than a l ight-ra i l  
tra in ,  less than a BART tra in ,  and about the same as CaiTra in )  
pass by at  1 5-m i n ute headways for 16  hours per  day, and that 
feeder buses pass by at 1 5-m in ute headways for 1 6  hours per 
day. Assum i ng that the bus only stops near the rail station,  
and given the layout of the ra i l  TOO, 62% of the households 
are with i n  1 /4 m ile of the bus stop. All of the households are 
with i n  1 /2 m ile of the ra i l  stat ion . Thus, the TAl for the rail 
TOOs is 2 7. This i s  equal  to the TAl Holtzclaw calculates for 
Rockridge, an Oakland, California, neighborhood that i s  
frequently c ited as a model for  TOOs to em ulate. For bus 
TOOs, the analys is  assumes that buses pass by at 1 5-m i n ute 
headways for 1 6  hours per day. G iven the layout of bus 
TOOs, roughly 50% of the households are with i n  1 /4 m ile of 
the bus stop, so the TAl is 2 . 7. 

For the "typical" suburban developments that would be 
d isplaced by TOOs, I assume a TAl of 2 .0 - approx i mately the 
TAl Holtzclaw calculates for los Altos, Ca l i fornia, a Bay Area 
suburb in Santa Clara County. Suburbs poorly served by 
transit, such as San Ramon, Cal i fornia, can have TAi s  as low 
as 1 .0. 

3 .  Proximity to Urban Core. This  analys is  assumes that TOOs 
are bu ilt near the major exist ing transit systems of the Bay 
Area - i.e., i n  Alameda, San Mateo, Santa Clara, and western 
Contra Costa counties, rather than new-growth areas such as 
Sonoma, Solano, and eastern Contra Costa counties. The 
model TOOs, therefore, are an average of about 1 5  m i les from 
an urban core (the nearest of downtown San F rancisco, 
Oakland, or San Jose), and they d isplace developments an 
average of 30 m iles from an urban core. The analys is  assumes 
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that no new TODs are located in San Francisco, downtown 
Oakland, or downtown Berkeley, because those areas a l ready 
have h igher average densit ies than the model TODs. 

4 .  Gridded Street Pattern. The analys is  assumes that TODs have 
a grid of th rough-streets, instead of cul-<le-sacs and co l lector 
streets. 

5. Pedestrian Orientation. Most convent ional suburban 
deve lopments have wide streets with fa i rly h igh traffic speeds 
and l i m ited s idewa lks.  The streets often meander, which 
increases walk ing d i stances. Transit-oriented development 
tries to encourage pedestr ian activity by making streets 
narrower, s lowing traffic, widen ing s idewalks, and provid ing a 
range of amen it ies with i n  a short wa lk ing d i stance. 

6. Mixed Uses . The ana lysis assumes that m ixed-use TODs 
d isplace s i ngle-use suburban developments. An important 
issue tends to be overlooked when TODs are d i scussed: a 
large number of m ixed-use TODs may prov ide more 
commercia l  floor area than the market can bear. Thus, as 
TODs become more common, it may be necessary to sacrifice 
the i r  m ixed-use character. All of the model TODs in th is 
ana lysis, however, are m ixed-use developments. 

Density 
Several stud ies have exam ined the extent to wh ich h igher density 

neighborhoods and urban areas exh ib i t  lower rates of automobi le  
ownersh ip and per  capita VMT. Holtzclaw ( 1 994) performs a 
regress ion analysis, us ing data from actual neighborhoods in the San 
Francisco Bay Area and other parts of Ca l i forn ia .  He f inds that a 
doub l ing of residential density is associated with a 1 6% decrease i n  
VMT per household .  

Holtzclaw's regression model ,  however, does not i nc l ude prox im ity 
to the urban core as an independent variable. Add it ional analysis, 
us ing Holtzclaw's or iginal data, reveals that when the effect of 
prox im i ty to the urban core is control led, a doubl ing of density is 
assoc iated with an 1 1 %  decrease in  per capita VMT. Th is  means that, 
re lative to the typ ical suburban deve lopments they replace, a ra i l  TOD 
could reduce per capita VMT by 22% ,  and a bus TOD cou ld reduce 
per capita VMT by 1 4% - simply due to dens ity effects. The data set 
and regression models are d iscussed in greater deta i l  in Appendix A. 

Harvey ( 1 990) also f inds a strong i nverse re lat ionsh ip  between 
res idential density and VMT. Pushkarev and Zupan ( 1 977) f ind that 
transit use increases rap idly above net residential densit ies of about 7 
du/acre, and that transit use is much h igher and auto use much lower 
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i n  areas with 30 du/acre as compared to areas with 7 du/acre. Sm ith 
( 1 984) f inds that trans i t  r idersh ip  i s  s ign if icantly h igher in areas with a 
res idential density of 1 6  du/acre than in areas with a dens ity of 7 
du/acre. These results suggest that our model TODs, at 1 8  du/acre and 
10 du/acre, may have s ign if icantly lower VMT than a typ ical Bay Area 
suburb. 

Some stud ies, however, suggest that the effect of density on VMT 
may be small. Pushkarev and Zupan ( 1 977) po int  out that density has 
a greater impact on trans i t  r idersh ip  near a central bus i ness d i str ict .  
I ncreas ing density may not affect transit ridersh ip  at d i stances of 10 or 
more m iles from downtown (id. 1 74). L i kewise, Kain, Fauth, and Zax 
( 1 978) fi nd that res idential density affects auto ownersh ip  (and, by 
implicat ion, VMT) only slightly. 5 

Four i mportant issues need to be considered before rush ing  to 
cla i m  that the h igher res ident ial densit ies of TODs will result in VMT 
reductions. F i rst, the studies ind icate a correlat ion between density 
and VMT, but they do not prove causat ion .  Therefore, alter ing u rban 
form may not affect travel patterns to the extent suggested by the 
regression coefficients. I ndeed, i f  the observed relat ionsh ip  between 
density and VMT is  due to res ident self-selection rather than behavioral 
changes produced by h igher densit ies ( i .e . ,  people may l ive in h igh­
density areas because they prefer to dr ive less, rather than the other 
way around), i ncreased densit ies may have no effect on travel 
behavior. 

Second, although some of the studies control for character ist ics 
such as income, other important i ndependent vari ables may have been 
omitted . For example, none of the stud ies takes i nto account park ing 
availab il ity. Park ing ava ilabil ity i s  often correlated wi th  density, and i t  
i s  l i kely to  affect travel patterns (Shoup and Pickrell 1 9 79). Thus ,  any 
regression analys is  that looks at density and VMT, but ignores park ing 
ava ilabil ity, will tend to overestimate the i ndependent effect of density 
on VMT. Th i s  is an important omiss ion, because TODs may i ncrease 
res idential density without changi ng park ing availab il i ty, due to 
developers' preferences and zon ing codes. 

Th i rd, except for Pushkarev and Zupan ( 1 977), the stud ies do not 
explic itly consider the locat ion and concentrat ion of employment, 
which also affect travel patterns. F i nally, the stud ies c i ted look at 
neighborhood un its m uch larger than the model TODs. The model 

TODs may not have the same i mpact, because they only i ncrease 
density locally, with less effect on overall density. 

Opt im istic models such as Holtzclaw's, then, may provide an 
upper bound for the possible response of VMT to density. G iven the 
four  concerns identified above, i t  is possible that the h igher density of 

6 1  



Berkeley Planning Journal 

TODs will have no d iscern ible impact on VMT. S i nce there i s  no 
reason to th ink  that h igher densit ies would i ncrease per capi ta VMT, 
zero i s  a reasonable lower bound for the density effect of TODs. Thus, 
a possible range for the density-related VMT reduction effect of TODs, 
relative to a conventional suburban development, i s  0% to 2 2 %  for the 
ra il TOD and 0% to 1 4% for the bus TOD. 

Transit Access 
Several stud ies have observed h igh transit r idersh ip  among people 

who live near transit stations. This f ind ing suggests that VMT m ight be 
reduced by i ncreas ing transit access.  I t  is d i ff icult to est imate the 
magn itude of that effect from transit r idersh ip  stud ies, however, 
because they do not d isti nguish between trips that are d iverted from 
automobiles and trips that would not be made at all if transit were 
unavailable. 

Holtzclaw ( 1 994) stud ies the relationsh ip between transit 
access ib il ity and VMT d i rectly. Using the Transit Access ib i l i ty I ndex 
defi ned above, Holtzclaw finds that a doubl ing of transit access is 
assoc iated with a 5% decrease i n  VMT per household, all other th i ngs 
be ing equal. As with h i s  analys is of density effects, however, 
Holtzclaw's coefficient for the TAl may be picking up some of the 
effects of prox im i ty to the urban core. A re-analys is of h i s  data shows 
that, after controll ing for prox im ity to an urban core, a doub l i ng of 
transit access is assoc iated with a 3% decrease in per cap ita VMT (see 
Appendix A for a brief d iscussion of both models). 

Applying th is  relationsh ip  to our model TODs, the rail TOD has 1 3  
t imes the transit access of a conventional suburban development, 
correspond ing to a 1 2 % reduction in per capita VMT. The bus TOD 
has 1 .3 times the transit access, and a 1 %  lower per cap ita VMT. The 
latter figure may understate the benefits of the bus TOD. Holtzclaw's 
TAl does not take into account bus route desti nations. S i nce the bus 
trave l ing through our model bus TOD wou ld feed i nto a h igh-capacity 
ra i l  transit l i ne, it may have a greater impact on VMT than Holtzclaw's 
model suggests. Therefore, for this analys is, I assume that the 
i ncreased transit access of the bus TOD would produce up to a 3 %  
reduction i n  per capita VMT compared to a conventional suburban 
development. 

The same four caveats ra ised in  the preced ing d i scussion of density 
effects apply here: the observed re lationsh ip  between transit access 
and VMT does not necessarily mean that VMT can be reduced by 
i mproving transit access; the model may be under-specified; 
employment locat ion effects are not addressed; and s i nce TODs are 
smaller than the neighborhoods stud ied in Holtzclaw's paper, they 
may have less effect on VMT. As with the density impacts, the results 
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of my adj usted model may represent the upper bound of the i mpacts 
of trans i t  access on VMT. At the other extreme, i t  i s  possible that 
i ncreased trans i t  access i n  TODs will have no effect on VMT. Thus, a 
reasonable range for the est imated trans i t  access effect of TODs on per 
capita VMT is  a 0% to 1 2 % reduct ion for the rail TOD and a 0% to 
3 %  reduct ion for the bus TOD.  

Proximity to  the  urban core 
There is l i ttle research on the i ndependent effect of prox im i ty to the 

urban core on VMT. Holtzclaw ( 1 994) uses data from neighborhoods 
at vary ing d i stances from the u rban core. As d i scussed previously, 
however, h i s  regression model does not control for th i s  variat ion, so 
the effect of proxi m ity to the urban core probably b iases h i s  
coeffic ients for density and  trans it  access. My re-analys is  of 
Holtzclaw's data concludes that a halv ing of d i stance from the urban 
core i s  associated with a 7% decrease i n  per capita VMT (see 
Append ix  A). S i nce the model TODs are half the d i stance from an 
urban core relat ive to conventional suburban developments, my 
analys is  pred icts an associated 7% reduction in per capita VMT. 

The caveats rai sed in the d i scussions of density and trans i t  access 
also apply here. The Holtzclaw model (as mod ified in Appendix A) 
represents an upper bound on the possible VMT effects of prox im i ty to 
an urban core. I t  is also possible that the location of TODs would 
produce no apprec iable decrease in VMT. Th us, a reasonable range 
for the prox im i ty i mpact of TODs i s  a 0% to 7% VMT reduction for 
both the ra il TOD and the bus TOD. 

Gridded street pattern 
Several stud ies have evaluated the i mpact of a trad it ional gridded 

street pattern on VMT. McNally and Ryan ( 1 993) and Kulash,  Angli n ,  
and Marks ( 1 990), for example, use traffic ass ignment models to study 
the i mpact of a hypothetical gridded street pattern compared to a 
conventional suburban street pattern, and they fi nd that gridded 
patterns are associated with lower per capita VMT.6 These models, 
however, assume that tr ip generat ion rates are constant, and thus only 
compare the length of the routes veh icles follow with i n  the street 
pattern . Crane ( 1 994) poi nts out that a decrease in tr ip length 
represents a decrease in trip cost to the dr iver, which m icroeconom ics 
tells us i s  l i kely to i ncrease demand for tri ps, all else be ing equal. 
Th us, any VMT sav ings from decreased tr ip lengths could be offset by 
an i ncrease i n  the total number of tr ips. The relative size of these two 
effects would vary from one development to the next (Crane 1 994). 

A gridded street pattern could therefore slightly i ncrease or 
decrease per capita VMT i n  a TOD. For lack of more rel iable 
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i n formation, th is  analys is assumes that the effect of the gridded street 
pattern on VMT, whether pos it ive or negative, is negligible. 

Pedestrian orientation 
L ittle research has been done on the i ndependent effect of 

pedestrian-oriented design on VMT. Several studies have l inked 
pedestrian act iv ity and development density, but they have not 
compared areas with s im i lar densities and d i fferent pedestrian 
environments. I t  is possible that pedestrian-friendly designs would 
i ncrease walking tri ps, but i t  is unc lear whether the added pedestrian 
tr ips would be new tr ips or d iverted automobile tr ips (Handy 1 992). A 
study for Portland, Oregon, ind icates that pedestrian-oriented designs 
cou ld reduce household VMT i ndependent of other factors, although 
the effect was fa ir ly small (Sesk i n  1 993). 7 Many factors other than the 
pedestr ian character of a neighborhood infl uence pedestrian act ivity. 
Th is  ana lys is  assumes that the independent effect of pedestrian­
oriented design on VMT is  negl ig ible. 

Mixed uses 
The impact of m ixed-use development on VMT has not been 

addressed independently from the impacts of other TOD features. 
Among existing neighborhoods, m ixed-use development is probably 
correlated with density and other factors, so it is han;! to isolate its 
effects. Th is  prob lem is compounded by the d i fficulty of defi n i ng a 
mean ingful measure of mixed use for the purposes of a model. 

A 1 974 study of 1 5  American new towns that juxtaposed 
complementary land uses showed a decrease in non-work tr ips 
compared to convent ional developments, but no s ign i ficant d i fference 
in work-related travel (Burby and Weiss 1 974). For lack of more 
r igorous empir ical evidence, th is analys is assumes that m ix ing uses has 
no s ign ificant independent effect on VMT. 

Total impact on per capita VMT 
Combin ing the effects d iscussed above can give us a sense of the 

potent ia l  tota l impact of TODs on per capita VMT. For example, the 
ra il TOD has a max imum VMT reduction effect of 2 2 %  due to its 
h igher density, 1 2 % due to its i ncreased transit access, and 7% due to 
its prox im i ty to the urban core. Together, these effects imply that the 
per capita VMT of a ra il TOO is 64% of the VMT in a conventional 
development [( 1 -22%)  x ( 1 - 1 2%)  x ( 1 -7%)) .  Table 1 summarizes th is 
calculat ion for the model TODs. 

As d iscussed above, the upper end of each range is based on very 
l i beral assumptions about the ability of TODs to reduce VMT. 
Moreover, the maxima appear to exceed even the expectations of a 
major proponent of TODs. Calthorpe ( 1 993) states that lowering the 
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Table 1 

Estimated Impact of TODs on per capita VMT. 

TOD Characterist ic 

Dens ity 

Transit  access 

Prox im ity to urban core 

Gr idded street pattern 

Pedestrian orientat ion 

Mixed uses 

Tota l 

Est imated decrease in per capita VMT 

Ra i l  TOD B us TOD 

0% to 2 2 %  0% t o  1 4% 

O% to 1 2 %  0% to 3 %  

0% to 7 %  0% to 7 %  

Negl ig ib le i mpact Negl ig ib le impact 

Negl ig ib le i mpact Negl ig ib le i mpact 

Negl ig ib le impact Negl ig ib le impact 

0% to 36% 0% to  2 2 %  

fract ion o f  tr ips taken b y  automobi le t o  60% is  a n  "ambit ious" goal for 
TODs. Th is  is rough ly equ ivalent to a 2 3 %  reduction in VMT from 
current leve ls8 which fa l l s  somewhat above the m idpoint of our range 
for the model ra i l  TOD. 

N ote that th is analys is  only addresses the VMT red uction effects on 
TOD res idents, and it assumes that these VMT red uct ions would not 
affect the VMT of people who do not l ive i n  TODs. In fact, i f  TODs 
red uce congest ion noticeab ly, people who l ive outside of TODs may 
be encouraged to dr ive more, which cou ld  offset the VMT benefits of 
TODs. 

On the other hand, there may be synergist ic effects between TODs 
i f  many of them are bu i lt .  For example, i f  a person l ives i n  one TOD, 
and her job and her favorite restaurants are in  other TODs, her 
automobi le trave l may be reduced by more than i f  she l ived i n  the 
only exist ing TOD.  

G iven these various concerns, the  m iddle of the  est imate ranges 
appears more p laus ib le than either end. I t  seems reasonable to expect 
a 1 0% to 2 5 %  per capita VMT red uct ion from the model rai l TOD and 
a 5 %  to 1 5 % red uction from the model bus TO D. Of course, the 
actual VMT reduct ion from any part icu lar TOD w i l l  be h igh ly 

·dependent upon s ite-specif ic factors, des ign features, and the nature of 
exist ing nearby development. 

Impact of TODs on regional VMT 

How many TODs are needed to effect a 5% reduction in regional  
VMT? I f  we use the upper end of our est imate ranges (a 36% per 
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capita VMT reduction for a ra i l  TOD, 2 2 %  for a bus TOD), we can 
ca lcu late that in  1 990, replacing conventional suburban developments 
with 41 ra i l  TODs and 1 23 bus TODs wou ld have reduced regional 
VMT by 5%. I f  we adopt the m idpoint of our est imate ranges ( 1 6 %  for 
a ra i l  TOD, 1 1 %  for a bus TOD), 62 ra i l  TODs and 246 bus TODs 
would have been necessary. Table 2 shows the number of TODs 
needed to produce a 5% regional VMT reduction under d i fferent 
est imates of TOD effects. The range of numbers is large; but under a l l  
bu t  the most opt im istic est imates o f  per capita VMT reduct ion, a great 
many TODs wou ld be necessary to reduce aggregate VMT in the Bay 
Area s ign ificantly. 

Table 2 

Number of Rail and Bus TOOs Required to Reduce Regional VMT by 
5 % . 9  

Per Capita VMT Reduction from: N umber of TODs requ i red 

Raii TOD Bus TOO Rail TOO Bus TOO 

9.0% 5 . 5% 1 64 492 

1 6 .0% 1 1 .0% 62 246 

2 7.0% 1 6 . 5 %  55  1 65 
36.0% 22 .0% 4 1  1 23 

To ach ieve even th is  modest reduction, a h igh percentage of the 
Bay Area's popu lation wou ld need to l ive in  TODs rather than 
conventional suburban deve lopments. I f, for example, 62 ra i l  TODs 
and 246 bus TODs are deve loped, they would hold 1 . 5 m i l l ion 
people - almost a l l  of the growth projected for the Bay Area over the 
next twenty years (equ ivalent to 24% of the current Bay Area 
population or 1 9% of the projected 201 0 population). Even under the 
most opt imistic assumptions for VMT reduction from the model TODs, 
41  TODs wou ld be needed and would house 0.7 m i l l ion people ( 1 2 %  
of the current Bay Area population). 

It seems doubtfu l that as many stat ion areas cou ld be redeve loped 
as are ind icated in Tab le 2. The Bay Area currently has 79 suburban 
ra i l  transit stations: 22  BART stat ions outs ide of a l ready h igh density 
San Francisco, downtown Oakland, and downtown Berkeley; 30 Santa 
Clara County l ight ra i l  stations; and 27 CaiTra in  commuter ra i l  stat ions. 
BART extensions, wh ich inc l ude five new stat ions, are currently under 
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construct ion; the new stat ions are expected to open by the end of 
1 995 (Margro, et a l .  1 995). 

Most of the region's ra i l  trans it  stat ions, however, are i n  bu i lt-up 
areas (although the stat ions are often surrounded by large s i ngle- level 
park ing lots). In many cases, only port ions of the area cou ld be 
redeve loped . Although Calthorpe ( 1 993) notes that in fi l l  deve lopment 
could occur on s i tes as smal l  as 10 acres, i t  i s  not clear that such 
deve lopments would have any appreciable impact on regional  trave l 
patterns. Fu rthermore, current zon ing restr ict ions precl ude TODs 
around several ra i l  stat ions. For example, after BART opened i n  the 
early 1 970s, local governments down-zoned around n i ne BART 
stat ions, reducing the max imum densit ies a l lowed (MTC 1 979). Many 
of these zon ing restr ictions are sti l l  i n  effect. 1 0 A 1 992 survey of 
trans i t-based housing i n  the Bay Area identified 1 6  projects bu i l t  
between 1 987  and 1 992 or under deve lopment i n  1 992,  tota l i ng  
7,837  dwe l l ing un its - equ ivalent to  j ust over four  o f  the  model ra i l  
TODs (Bernick and H a l l  1 992). 

Even a massive i ncrease i n  TOD development would have 
relatively l itt le effect on regional VMT. Th is  analys i s  i nd icates that 
even i f  most or all of the exist ing ra i l  trans it  stat ions are thorough ly 
redeveloped around trans i t-oriented deve lopment guidel i nes, and even 
i f  around one-fi fth of the Bay Area's population chooses to l ive in these 
areas and related deve lopments around feeder bus l i nes, TODs would 
reduce Bay Area VMT only by around 5%. G iven the MTC's est imate 
that VMT is  growing at the rate of 1 . 5 2 %  per year (based on numbers 
in MTC 1 994b), th i s  wou ld  offset only th ree years of VMT growth.  

Impl ications 

This analys i s  has shown that i t  i s  h igh ly un l i ke ly that trans i t­
or iented development cou ld ,  by itse lf, have a s ign ificant i mpact on the 
Bay Area's congest ion problems. Therefore, wh i l e  it may be a usefu l 
supplement to other transportat ion pol icies (such as pub l ic  trans i t  
improvements and pr ic ing strategies), trans it-oriented development i s  
i nappropriate as the cornerstone of transportation p lann i ng i n  the Bay 
Area. 

An i nteresting imp l ication of the analysis i s  that m uch of the per 
capita VMT reduct ion from TODs can be attr ibuted to the i ncrease i n  
res identia l  density and from closer prox im i ty t o  the urban core, 
independent from trans it  access. Th us, general h i gh-density 
deve lopment c lose to the urban core may capture m uch of the VMT 
reduction benefits of TODs, with more flexib i l i ty of locat ion . I t  is 
poss ib le that the trans it  access benefit of TODs has been oversold 
relative to i t s  other character ist ics. 
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I t  i s  i mportant to note that th is  analys is  has only addressed the 
transportation implications of transit-oriented development. I t  is clear 
that transit-oriented development is inappropriate as the foundation of 
a congestion reduction strategy for the Bay Area . To the extent that 
TODs are part of a larger scale reth ink ing of urban design, they are 
li kely to have worthwhile non-transportation benefits, such as an 
enhanced sense of commun ity and the preservation of open space on 
the suburban fri nge. They may also be a useful mechanism for 
i ncreas ing the supply of affordable housing and revital iz ing urban 
neighborhoods. Transit-oriented development may make a substant ial 
contr ibution to urban l ife, despite its l im i ted potent ial for reducing 
travel .  

NOTES 

Accord ing to the Metropol itan Transportation Comm i ssion (MTC), for a 
typical 1990 A.M. peak hour, there were 130,600 hours of delay. Assum ing 
s i m i lar delays for P.M. peak-hours, and given 260 commute days per year, 
th is  represents 68 m i l l ion hours per year. This figure does not include off­
peak congestion, which is considerable in the Bay Area. 
S i nce 1990, transportation has been displaced by the economy and crime as 
the most important problem in  the pol l  responses - a change that m i rrors 
national publ ic opin ion trends. 
MTC's population estimate is  taken from Association of Bay Area 
Governments (1992) . ABAG's population projections are based on the 
assumptions that ferti l i ty rates stab i l ize close to the current level ,  morta l i ty 
rates continue to dec l ine, and in-m igration to the Bay Area s lows and is  
overtaken by out-m igrat ion soon after 2000. 
Dwe l l ing units per net res idential acre. Net res idential acreage includes 
only the area devoted to res idential  uses, and does not include streets, 
publ ic areas, and commercial  areas. Popu lation dens ity in  a TOD thus 
depends on residential density (du/acre), household s ize, and the percentage 
of developed land devoted to res idential use. Throughout this  analysis, 
average household size is  assumed to be 2.68, which was the Bay Area 
average in 1990 (ABAG 1992) . 
For example, the study found that in a county where 53 "'o of the housing 
units are s ingle-fami ly, a two worker household is  S "'o  more l i kely to be 
carless than a household l iving where 83"/o of the units are s ingle-fa m i ly 
(Kain, Fauth, and Zax 1978, 57) . This d ifference is large in relative terms ( it  
roughly doubles the fraction of carless households) but smal l in  absol ute 
terms. 
Kulash, Angl in,  and Marks (1990) pred ict that VMT within the gridded 
development would be 43"/o lower than within the conventional 
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development. McNally and Ryan (1993) pred ict a 10.6% drop in  A.M. peak 
hour VMT. These stud ies only look at the part of the trip that occurs with in 
the development, so the percentage reduction in  total VMT wou ld be lower. 
Seskin (193) defines a 'pedestrian environment factor' (PEF) scaled from 4 
to 12, and finds that a un i t  i mprovement in PEF was associated with a 
reduction in VMT per household of 0.7 m i les per day. The statistical 
s ignificance of this  resu l t  is  not clear. It is  also unclear what the PEF of 
TODs wou ld be relative to conventional suburban developments. If  TODs 
represent an i mprovement of 3 in  PEF, the Portland model wou ld pred ict a 
3% reduction in per capita VMT, using Bay Area household size and VMT 
averages. 
My calculation assumes that average trip lengths are constant, and that tota l 
trips increase by 1 0"/o due to decreased transportation costs in a TOO. The 
1990 non-auto mode split for com muting i n  the Bay Area i s  1 3 . B %  (Rossetti 
and Eversole 1993). 
Calcu lations assume a conventional suburban neighborhood with average 
annual per capita VMT of 9,000, which is  typical for suburbs in  the Bay 
Area. 1990 Bay Area VMT tota led 34 b i l l ion, so a 5% reduction 
corresponds to 1 .7 b i l l ion VMT/yr. 

1 0  
In  1994, the Cal iforn ia legi s lature passed the Transit V i l lage Development 
Act (co-authored by BART chai rman Michael Bern i ck), which a l lows Cities 
to designate quarter-mi le  rad ius  redevelopment d istricts around trans i t  
stations and to give developers f inancia l  incentives to implement trans i t  
v i l l age plans (Knack 1995) .  The act  does not g ive land assembly powers to 
the redevelopment d istricts. Wh i l e  the legislation seems I i kely to i ncrease 
the abi l ity to bu i ld  h igh-density developments around transit  stations, i t  only 
a l lows for l i m ited f inancial  incentives for developers, and i t  does not force 
local i t ies to accept them. 
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Appendix A 

Stat istical analys is  of VMT and com m u n ity character istics 

The data set on commun ity characterist ics and VMT gathered and 
analyzed by Holtzclaw ( 1 994) includes in formation on 27 Cal iforn ia 
commun ities i n  the San Francisco Bay Area, Metropolitan Los Angeles, 
San D iego and Sacramento. Data for each commun ity i nclude 
populat ion, number of households, total developed acreage, net 
res idential acreage, annual income ($ per household), auto ownersh ip 
(autos per  household), VMT (per household), and th ree constructed 
ind ices measur ing degree of transit access, neighborhood shopping, 
and pedestrian access ib il i ty. The transit access ib i l i ty index (TAl) 
measures the number of rail cars or ferries per hour that pass with i n  
1 12 m ile, a n d  buses with i n  1 /4 mi le, o f  the average household, 
normalized to SO seats per veh icle. The neighborhood shopping index 
(NS I )  is the fraction of the households that have key local shopping 
establishments with i n  1 /4 m ile. The pedestrian access ib il ity i ndex 
(PAll measures factors such as the street grid, s idewalks, and nearness 
of build i ng entries to the s idewalk . To th is  data set I added 
approx imate d istance from the central busi ness d i str ict (CB D) for each 
of the 27 commun ities. 

Table A-1 shows the correlation between these s ix variables for the 2 7  
commun ities. 

Holtzclaw performed a least-squares regression of VMT per 
household on density and T AI us ing a log-log functional form, and 
found the following relationsh ip:  

VMT I H H  - 34, 2 70 (density) .0.2 5 (TAl) .0.076 R2 - 0.83 

This ind icates that density and TAl appear to in fluence VMT. 

I reanalyzed the data to look at per capita VMT rather than per 
household VMT, and to evaluate the independent effect of d i stance 
from the CBD.  Distance from the CBD is not a perfect measure 
because the size and characteristics of the CB Ds are very d ifferent. To 
m it igate th is  problem, I excluded commun ities with small CBDs and 
focused my analysis on Bay Area and Los Angeles area commun ities. I 
regressed per capita VMT on density, TAl, d istance from CBD, and 
i ncome. Table A-2 shows the results. 
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Table A-1 

Correlation between variables (log form) 

Dens ity TAl NS I  PAl D i st 
CBD 

TAl 0. 74 

NS I  0 .67  0.66 

PAl 0 . 76 0.64 0.62 

D ist -0.68 -0.68 -0 . 52  -0. 5  
CBD 

Income -0.26 0. 1 4  -0 .07 -0.2  -0.0 

Table A-2 

Regress ion results : commun ity characteristics and per capita VMT 
( log-log form). 

Constant 

Coefficient 8.66 1 

Standard Error 1 .4 1 6  

Significance 0.0 1 

N 
Degrees of freedom 
Std error of regression 
R2 (corrected) 

Density 

-0. 1 66 

0.068 

0.05 

TAl D i st from 

-0.048 

0.040 

1 7 

1 2  
0. 1 28 
0.839 

CBD 

0. 1 06 

0.065 

This  model pred icts the fo llowing relat ionsh ip :  

VMT per  capita _ 5, 7 73 (D 1 ) .(). 1 66 (T) .().048 (D2) o. 1 o6 ( I )  o.047 
D 1 - density 
T - TAl 
D2 - Distance from CBD 
I = i ncome 

I ncome 

0.047 

0. 1 26 
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This  model must be used with caution, because only the constant 
and the density coefficient are stat ist ica l ly s ign ificant. The i ncome, 
TAl , and d istance coefficients are not statistica l ly s ign i ficant. They are 
reta i ned in the model because the a priori theoretical j ustification for 
inc lud ing the variables is strong. 

There are several important l im itat ions to the data set, and to the 
regress ion analysis. F i rst, the data set is sma l l ,  so standard errors of 
coefficients tend to be large, and regression coefficients are statistica l ly  
s ign i ficant only for the strongest variables. The fact that many of the 
i ndependent variables are strongly corre lated makes i t  even more 
d i ff icult for regression analysis to isolate the i ndependent effects of 
d i fferent variables with th is sma l l  data set. There are l i kely to be many 
important re lationsh ips between commun ity characterist ics and VMT, 
but few can be shown to be statistica l ly s ign i ficant with th i s  data set. 

The hypothesis that residential density affects VMT is  clearly 
supported by the regression analysis. This is the only concl us ion that 
is robust across d i fferent specifications of the regress ion mode l .  Whi le 
i t  appears that commun ity characteristics other than dens ity a l so 
impact VMT, these effects cannot be precisely character ized with th is  
data set. Thus,  any use of these regression resu l ts needs to be sensit ive 
to the uncerta i nties and large standard errors. 
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