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1.

Parking and Transit in the U.S.
Excessive parking could explain why transit-oriented development (TOD) in the

United States has often failed to yield hoped-for benefits, like substantial ridership gains,
more affordable housing, and land conservation. Recent studies on car ownership levels
and vehicle trip generation rates suggest that many large-scale housing projects near
urban rail stations are “over-parked” – more parking is provided than is needed. This can
drive up the cost of housing, consume valuable land near transit, and impose such
environmental costs as increased impervious surface area.
Currently, the dominant land use surrounding suburban rail stations in the United
States is surface parking. Upon exiting the turnstile, the first thing one often sees is a sea
of surface parking. Research suggests that the environmental benefits of riding transit are
largely negated if a car is to be used as part of the transit trip due to the inefficiency of
catalytic converters during the cold start phase (Cervero, 2001; Shoup, 2005). Given the
sprawling nature of most rail-served suburbs in the U.S. and the often poor quality of
feeder bus services, park-and-ride lots are perhaps unavoidable if very many suburbanites
are expected to patronize rail transit (at least as an interim use until higher densities
justify infilling parking lots). However parking’s dominance extends beyond rail stations
themselves to the neighborhoods that surround them (Daisa, 2004; Dunphy et al., 2004).
Part of the blame for the surfeit of parking in transit-oriented developments (TODs) could
be the reliance on parking generation figures from the Institute of Transportation
Engineers (ITE). Implicitly, ITE standards assume that car ownership levels are no
different in rail-served and non-rail-served areas. Outdated parking standards have a way
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of perpetuating themselves. A study of Southern California communities, for example,
found the vast majority based their parking requirements on those of surrounding
communities or ITE standards, and only 3% conducted their own parking studies
(Willson, 2000).
While many U.S. rail investments have not delivered the congestion-relief and
environmental benefits touted by proponents, there is some evidence this is changing in
neighborhoods designed according to transit-oriented development (TOD) principles –
i.e., compact, mixed-use, and walking-friendly environs around rail-transit stations
(Cervero et al., 2004; Renne, 2009b). Indeed, studies suggest TOD households average
lower car ownership rates (Dunphy, 2004), appreciably higher transit modal splits for
commuting (Cervero, 1994; Lund et al., 2006), and generate fewer vehicle trips per day
(Cervero and Arrington, 2008). In 2000, the number of A.M. Peak vehicle trip ends per
dwelling unit was measured at 0.17 for the Rosslyn-Ballston TOD corridor in Arlington
County compared to an ITE average for similar housing of 0.54 – a threefold differential
(Cervero et al., 2004).
The full cost of excessive parking supplies are large (Shoup, 2005). From the
private consumer standpoint, mandatory parking codes (e.g., 2 off-street spaces per
dwelling unit) unnecessarily drive up the price of housing (Poticha and Wood, 2008).
Podium, tuck-under parking or underground parking spaces can add upwards of $60,000
to the cost of housing in pricey markets like the San Francisco Bay Area. Requiring
more parking than is needed also deters central-city redevelopment, thus shifting growth
to auto-oriented suburbs (Loukaitou-Sideris and Banjeree, 2000; Hess and Lombardi,
2004). From a larger societal standpoint, excess parking supplies impose such costs as
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inordinate land consumption (particularly in the case of surface lots), creation of more
impervious surfaces that pollute streams and water supplies as well as raise temperatures
(through heat-island effects), increased separation of buildings which deters walking and
encourages motorized travel, and the blemishing of natural landscapes.
Why might parking demand fall below parking supply for TOD housing projects?
Part of the explanation is “self-selection” – for lifestyle reason, including the desire to
transit commute and reduce household expenditures on cars, people move into
neighborhood well-served by transit (Boarnet and Crane, 2001). Using nested logit
analysis, a recent San Francisco Bay Area study estimated that 40% of the increased odds
of rail commuting among TOD residents are due to self-selection (Cervero, 2007).
Why, then, do planners continue to use ITE parking generation numbers? One, it
is difficult to break away from standard practices in the transportation field, often for
political reasons, such as a fear among businesses of insufficient customer parking and
among residents that parking will spill into their neighborhoods (Shoup, 2005). In the
past, the Urban Land Institute recommended that suburban commercial projects be
parked above conventional standards as a “marketing advantage” and cautioned “when in
doubt, over-build parking” (Dunphy, 2004). Remarked the developer of a recently
opened 449-unit apartment building atop a Los Angeles subway station: “We never
reduce the amount of parking at our developments. People still want their cars”…though
adding “nothing would make us happier than to reduce the expensive underground
parking” (Karp, 2008).
Shoup (2003) has pointed out the flaws inherent in ITE parking generation
figures, including false precision, statistical insignificance, and suburban bias. Despite
3

these critiques and evidence on lower car ownership levels in transit-based housing, the
ITE parking generation manual remains the “holy grail” for defining zoning, building
codes, and subdivision requirements of off-street parking. Continued reliance on ITE
numbers to judge the parking needs of new TOD housing projects is cause for concern,
particularly given the strong emphasis being given to TOD housing production in many
states. California, for instance, recently passed Proposition 1C, the Housing and
Emergency Shelter Trust Fund Act of 2006, that provides $300 million of bond funding
for TOD-housing, including “loans for housing developments within one-quarter mile of
a transit station”. The Urban Land Institute (2004) has estimated that around one-third of
newly formed households in large metropolitan areas of the U.S. are highly receptive to
TOD-living. And the Center for Transit Oriented Development (CTOD) predicts that the
demand for housing near transit in America will more than double by 2030 (Poticha and
Wood, 2009).
This study empirically investigates the proposition that TOD, and specifically
housing near suburban rail stops, is “over-parked” in the U.S. This is done by comparing
parking generation rates for 31 housing complexes near rail stops in the San Francisco
Bay Area and Portland, Oregon with on-site parking supplies and with ITE parking
generation rates. Factors that explain parking demand for transit-oriented housing are
also investigated, both statistically and through case analyses. The results of a national
survey on parking codes and variances for 80 U.S. cities with rail stops are also
presented. The paper ends with several policy prescriptions that fall out of the research
findings.
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2.

Empirical Analysis: ITE versus Actual Parking Generation Rates
To compare actual parking demand to supply levels and ITE rates, data were

compiled for 31 multi-family rental housing projects in two rail-served areas: Metro
Portland, Oregon (15 projects) and the East Bay of the San Francisco-Oakland Bay Area
(16 projects). These two regions were chosen in part to compare results to a recent study
of TOD vehicle trip generation rates conducted in both areas (Cervero and Arrington,
2008). All of the surveyed housing projects were within two-thirds of a mile of the
nearest rail stop (mean straight-line distance = 1530 feet, or a little over a quarter mile).
Table 1 summarizes key attributes of the projects, organized by the four BART
(Bay Area Rapid Transit) heavy-rail stations in the East Bay and the nine MAX light-rail
stations in Metro Portland that were closest to the projects. Figure 1 maps the projects an
rail stop locations.
Given that the ITE mean estimated parking generation rate is 1.2 vehicles per unit
at peak periods, Table 1 shows that parking supplies clearly exceed this figure in most
cases: only one of the 13 rail stations (E. 162 Ave. in Portland) had nearby multi-family
housing projects with parking supplies that were below the ITE rate (and just barely).
Among the 31 surveyed projects, only two (Sequoia Square near the E. 162 Ave. station
and Diablo Oaks near the Pleasant Hill BART station) had fewer than 1.2 space per
dwelling unit. The amount of parking spaces per dwelling unit for all 31 projects (i.e.,
the weighted average statistic) was 1.57, or about 31% above the ITE standard. Housing
projects in the East Bay had particularly inflated parking supplies relative to ITE’s
standards.
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Project

Table 1. Background Information on TOD Housing Projects
No.
Units

No. Off‐
Street
Parking
Spaces

Parking
Spaces/
Unit

Neighborhood*

% Land
Area
Covered
by Bldgs

Shortest
Walking
Distance to
Station (ft.)

HHs/Res. Acre
within ½ mile of
Station

% HHs
with
Incomes >
$75K/Year

East Bay BART Stations
Bayfair (San Leandro) :
Fremont
Pleasant Hill
Union City

The Hamlet
Archstone, Alborada, Mission Peaks,
Park Vista, Presidio, Sun Pointe
Village, Watermark Place
Archstone, Archstone Station, Diablo
Oaks, Iron Horse Park, Park
Regency, Villa Montanaro

Parkside, Verandas

All 16 Projects (unweighted)

145

186

1.28

23.6

2000

7.2

24.5

324

597

1.87

32.0

1723

7.5

43.5

357

516

1.40

36.1

2,511

10.2

34.6

245
315

364
512

1.48
1.61

34.6
33.3

1,450
2,826

5.1
8.2

41.4
38.7

Metro Portland MAX Stations

Beaverton Creek (Beaverton)

Centre Point

264

422

1.60

17.8

2,534

3.6

16.9

E. 148 Ave. (Portland)

Dalton Park

36

47

1.31

36.6

1,718

3.6

12.8

55

64

1.19

34.2

833

5.3

11.6

198

379

1.82

24.5

2,198

3.1

22.6

101

142

1.46

30.8

1,723

3.8

10.4

Gresham Central

90

130

1.44

32.2

767

3.1

11.4

Orenco Gardens

264

405

1.53

29.9

592

1.7

33.8

Briarcreek, Quantama Crossing,
Quantama Village

378

573

1.49

27.2

1,939

3.5

23.2

Wyndhaven

396

536

1.35

32.7

883

2.6

18.1

196

299

1.45

29.6

1,510

3.6

17.6

E. 162 Ave. (Portland)
Elmonica/SW 170th Ave.
(Beaverton)
Gateway/NE 99th Ave
Transit Center
Gresham Transit Center
(Gresham)
Orenco/NW 231st Ave
(Hillsboro )
Quatama/NW 205th Ave
(Beaverton)
Willowcreek/SW 185th Ave
(Beaverton)
All 15 Projects (unweighted)

Morgan Place, Rachel Anne,
Sequoia Square
Elmonica Court, Cambridge Crossing
Gateway Park, Gateway Terrace
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* Source: Center for Transit Oriented Development 2000 U.S. census data
** Weighted Average: Weighted by number of units in project

East Bay

Metro Portland

Figure 1. Location of 31 Surveyed Transit-Oriented Housing Projects
with Reference to Rail Line
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Photo 1. Aerial Views of Mission Wells (Top) and Presidio (Bottom) Projects
Near the Fremont BART Station

Given the suburban character of most surveyed projects, many featured garden
apartment designs. Of the 31 projects, 17 were 3 stories in height, 11 were 2 stories, and
4 were 4 stories. (See Photo 1 for aerial view of two surveyed projects.) Table 1 reveals
the extensiveness of many projects, with the surface area (devoted to parking, driveways,
open spaces, swimming pools, etc.) typically being more than twice as large as the
footprint of buildings. Among the 31 projects, the mean building coverage rate was 31%,
ranging from 18% to 54%. In terms of shortest sidewalk walking distances, projects in
8

Metro Portland tended to be closer to stations than in the East Bay. East Bay projects,
however, were generally in denser neighborhoods with relatively higher incomes than
Metro Portland projects. See Appendix 1 for additional summary statistics and Appendix
2 for maps showing the shortest sidewalk distances from the geographic centers of
surveyed projects to the main entrance (turnstile in the case of BART and platform in the
case of barrier-free MAX) of the nearest rail stops.

2.1

Data Collection
Empirical data on parking demand were compiled as follows. First, candidate

sites were identified in the two regions. Besides collecting data from some of the same
projects used to study TOD trip generation (Cervero and Arrington, 2009), sites were also
chosen if they were suburban in character under the premise that these environs suffer the
most from inflated parking supplies (Shoup, 2004). Efforts were made to also sample
sites with predominantly surface or tuck-under parking (versus parking structures) and
within a reasonable walking distance of the nearest station (e.g., under a half mile).
Further winnowing down the sample frame was the agreement of property owners and
building managers to allow the research team on site to collect data. This was not always
easy because of: (1) when data were collected -- the wee hours of the morning when most
tenants are at home asleep, thus constituting “the peak”; and (2) how data were collected
-- driving through each project and visually counting parked cars. Not all property
managers were comfortable with having university students drive through their projects,
counting cars, when everyone is asleep. In the end, 31 property owners and managers
agreed to let us on their sites to compile data.
9

Empirical data were collected during the non-summer, non-rainy period of 2008:
in May and early June and in late September and October. These periods missed summer
holiday, corresponded to when most schools are still in session, and are generally dry
times of the year in northern California and Oregon – all considered to be conditions of
peak parking demand. All counts were made on a mid-weekday (Tuesday, Wednesday,
or Thursday) when the odds of someone being away for an extended weekend were the
least. For these periods, data on the number of cars parked in on-site parking stalls
(including smaller stalls for motorcycles) were collected during both the peak period
(defined as 12 midnight to 5 A.M.) and the off-peak (10AM to 2PM). After an initial
reconnaissance trip to each surveyed project to map the layout of on-site parking facilities
and obtaining permission (and often a driveway-gate access code), teams of data
collectors were assembled. Each team consisted of a driver (whose job was to
concentrate on maneuvering through the entire project to allow every stall to be counted
no more than once) and at least two counters/data-recorders (typically with one person
counting parked cars on the left side of an aisle and the other on the right side). Upon
completion of field trips, counts were tabulated to obtain peak and off-peak demand totals
for each project.

2.2

Comparison of Parking Generation Rates

Given that most surveyed housing projects had parking supplies that exceeded
ITE standards, was the seemingly over-supply of parking backed up by demand numbers
as well? That is, is there empirical evidence that TODs are over-parked?
Parking demand levels recorded for our surveyed projects were compared to the
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number of parking stalls as well as rates from the 2003 ITE manual for “Low/Mid-Rise
Apartments” (Land Use Category 221) in suburban locations. As noted, ITE’s average
rate of peak parking on weekdays is 1.2 vehicles per unit. This is a weighted average
drawn from 19 data observations. (The ITE manual defines weighted average as the sum
of parked vehicles for all projects divided by the number of dwelling units.)
The weighted-average peak-parking demand for all 31 projects was 1.15. This is
27% below the weighted-average peak parking supply shown earlier in Table 1 (i.e.,
1 – 1.15/1.57 ≈ 0.27, or 27%). It is just 4% below the ITE rate, however (i.e., 1 –
1.15/1.20 ≈ 0.04, or 4%). For Metro Portland, the weighted average demand was 1.07
parked vehicles per dwelling unit and for the East Bay, it equaled the ITE target – 1.2.
Figure 2 breaks down the findings for the 31 individual projects. In Metro
Portland, peak parking occupancies were less than supplies in all instances and less than
the ITE rate for 12 of the 15 surveyed projects. In the case of 57-unit Gateway Terrace
apartment complex near the MAX’s Gateway Station, parking demand was less than half
the ITE average rate and two-thirds below supply levels (i.e., only a third of stalls were
occupied). Factors like relative high vacancy rates could explain lower demand for some
of these projects however in general, vacancy rates for surveyed rental projects were
similar to regional averages and implicitly, we assume, to projects in the ITE database.
(We also note that our data pre-dates the onslaught of the late-fall 2008 economic
recession and mortgage-market crisis.)
In the East Bay, owning and parking a car seemed to a bit more of a necessity for
TOD resident. None of the surveyed East Bay lots was saturated, with on average around
25% of stalls empty, however this occupancy rate was higher than in Metro Portland.
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The weighted average parking rate of 1.2 for East Bay sites matched ITE’s standard,
though with a fair amount of variation. At three of the four East Bay stations, nearby
parking demand was considerably less than the ITE rate. Below-rate parking levels
characterized most projects near the Pleasant Hill BART station, one of the East Bay’s
first “transit villages” (Bernick and Cervero, 1997). The Fremont BART station is an
outlier, inflating the East Bay average. For all projects near Freemont BART, parking
levels exceeded the ITE rate – by as much as 41%.
Besides the weighted average rate, the ITE Manual also provides the following
best-fitting regression line for estimating total parked vehicles as a function to total
number of dwelling units:
P’ = -46 + 1.43(X)

(R2 = .93)

(1)

where P’ = parked vehicles (estimated) and X = dwelling units

Peak parking levels at the surveyed projects were closer to ITE’s weighted average (of
1.2 parked cars per dwelling unit) than the regression estimates. While there was a total
of 8,096 parked cars among the 31 projects, the estimated total from equation 1 was
10,151 (25 percent above actual levels). The regression equation tended to over-estimate
demand for larger projects of more than 100 units (17 of the 24 projects) and underestimate demand for smaller ones under 100 units in size (6 of the 7 projects). The
largest over-estimation was for the 264-unit Orenco Gardens in Hillsboro: 200 parked
cars, around 40 percent below the regression estimate of 332 parked cars. At the other
end of the spectrum was the smallest project in the survey, the 36-unit Dalton Park near
Portland’s East 148th Ave. MAX Station: 42 observed park cars versus a regression-line
estimate of 5.5 parked cars, or 766 percent above the estimate. Appendix 3 provides
12

Supply Peak
Demand: % Demand:
per
Demand diff. from
% diff. from
Unit
per Unit Supply
ITE Rate
Site
Walnut Creek: Pleasant Hill BART Station
1.05
0.74
‐29.5%
‐38.3%
Diablo Oaks
1.42
0.80
‐43.7%
‐33.3%
Iron Horse Park
1.12
0.92
‐17.9%
‐23.3%
Archstone Walnut Creek
1.47
1.06
‐27.9%
‐11.7%
Park Regency
1.29
2.05
Villa Montanaro
San Leandro: Bayfair BART Station
1.28
The Hamlet
Union City BART Station
1.50
Verandas
1.46
Parkside
Fremont BART Station
1.82
Presidio
1.84
Watermark Place
1.75
Mission Peaks
1.98
Archstone Fremont
1.98
Sun Pointe Village
1.97
Park Vista Apartments
1.78
Alborada
ALL 16 EAST BAY STATIONS
1.59
Weighted Average
Archstone Walnut Creek Stat.

1.09
1.23

‐15.5%
‐40.0%

‐9.2%
2.5%

1.07

‐16.4%

‐10.8%

1.11
1.13

‐26.0%
‐22.6%

‐7.5%
‐5.8%

1.23
1.27
1.35
1.45
1.47
1.48
1.69

‐32.4%
‐31.0%
‐22.9%
‐26.8%
‐25.8%
‐24.9%
‐5.1%

2.5%
5.8%
12.5%
20.8%
22.5%
23.3%
40.8%

1.20

‐24.7%

0.0%

Figure 2. East Bay Results: Peak Parking Generation Rates (Parked Vehicles per Dwelling Unit)
Relative to Supply Levels and
13 ITE Standard

Site
Beaverton Creek Station

Supply Peak
Demand:
Demand :
per
Demand % diff. from % diff. from
Unit
per Unit Supply
ITE Rate
1.6

Center Pointe

1.23

‐23.1%

2.5%

Elmonica Station
1.50
2.15

Cambridge Crossing

0.90
1.04

‐40.0%
‐51.6%

‐25.0%
‐13.3%

Willow Creek
1.35

0.90

‐33.3%

‐25.0%

Quantama Station
Briarcreek Apartments

‐66.5%
‐38.8%

‐55.8%
‐31.7%

1.41
1.31

0.88
1.17

‐37.6%
‐10.7%

‐26.7%
‐2.5%

1.31
0.84

0.65
0.79

‐50.4%
‐6.0%

‐45.8%
‐34.2%

1.44
ALL 15 PORTLAND STATIONS
1.52
14Weighted Average

1.00

‐30.6%

‐16.7%

1.07

‐30.0%

‐11.0%

E. 148th Ave. Station
Rachel Anne

E. 162nd Ave. Station
Morgan Place

1.50
1.55
1.41

1.12
1.32
1.37

‐25.3%
‐14.8%
‐2.8%

‐6.7%
10.0%
14.2%

1.53

0.76

‐50.3%

‐36.7%

Orenco Station
Orenco Gardens

0.53
0.82

Dalton Park

Wyndhaven

Quatama Village

1.58
1.34

Gateway Terrace
Gateway Park

Elmonica Court

Quatama Crossing

Site
Gateway Station

Supply Peak
Demand:
Demand :
per
Demand % diff. from % diff. from
Unit
per Unit Supply
ITE Rate

Sequoia Square

Gresham Central Station
Gresham Central

Figure 2 (cont.). Metro Portland Results: Peak Parking Generation Rates (Parked Vehicles per
Dwelling Unit) Relative to Supply Levels and ITE Standard

summary comparison of parking counts to regression-line estimates for all projects,
revealing that ITE’s regression equation is ill-suited for estimating TOD peak parking
demands.
In general, overestimation of parking demand suggests people are shedding cars,
taking advantage of the accessibility benefits of living near high-quality transit. Fewer
cars per household should translate to fewer parked cars. Little is known about car
ownership levels for the surveyed projects however some insights can be gained from
modal split statistics. In the East Bay, a 2003 survey of residents living in the Verandas
Apartments near Union City BART and Park Regency near Pleasant BART found that
54% and 37%, respectively, commuted to work by transit (versus a 2000 census figure of
10.6% of commuters in the 9-county San Francisco Bay Area) (Lund et al., 2004). These
high transit mode splits were matched by our findings of relatively low parking demand:
8% and 12% below the ITE rate for Verandas and Park Regency, respectively. While
none of the Metro Portland projects in our sample have been surveyed for modal splits,
one study estimated the share of commute trips by transit among those living within ½
mile of the Elmonica and Orenco MAX Stations at 30% and 24%, respectively (versus a
2000 census transit commute share of 6.4%) (Dill, 2006). Our surveys found peakparking demands considerably below ITE rates for both stations (see Figure 2).
While car-shedding no doubt occurs among those living near transit, it might not
be as extensive as assumed, particularly among those living in car-dependent suburbs.
This is suggested by comparing the differentials between parking generation rates and
vehicle-trip generation rates relative to their respective ITE manuals. A recent study of 5
15

TOD housing projects in the East Bay and 5 in Metro Portland found clear evidence of
“trip de-generation”: the weighted average of vehicle trip rates were 40% and 27% below
that estimated by ITE trip generation rates. As shown in Figure 2, the weighted
differential for parking generation matched the ITE rate for East Bay projects and was
11% below for Metro Portland projects. Owning and parking a car was particularly a
necessity for Fremont’s TOD residents.
What’s going on? It is likely that in most suburban TODs, which characterizes
the 31 projects in our survey, residents still need access to a car. They just do not use
them as much to get to work. But like most suburbanites, they still need a car to get to
most non-work destinations – the vast majority of which are away from rail stops. While
transit-oriented housing might mean that more trip origins are near rail stops, as long as
most destinations are not, many TOD residents will still own cars and use them for
shopping going out to eat, and the like. One policy response to this finding, discussed in
the conclusion, is to create car-sharing programs in rail-served neighborhoods. Carsharing would enable residents not only to rail-commute but also to shed one or more
cars.

2.3

Scatterplot
The ITE Parking Generation manual reports summary findings in scatterplot form

along with a best-fitting regression line (shown earlier in Equation 1). Figure 3 shows the
scatterplot and best-fitting line of the 31 surveyed TOD cases, also broken down by the
two regions (where E = East Bay and P = Portland observations). A simple linear line
fits the data points reasonably well, with number of dwelling units explaining 92% of the
16

variation in peak parking demand (very similar to ITE’s regression fit, per equation 1).
The equation reveals that each new dwelling unit produced, on average, 1.22 additional
parked cars during peak hours (below ITE’s rate of 1.43). Figure 3 further shows that the
best statistical fit was produced for Portland’s projects. Additionally, the slope for
Portland projects is steeper than for East Bay projects – there, each new dwelling unit
increased peak parking by 1.27 cars. We note that the regression line tended to fit data
for small-sized projects the best.

1000

P

All 31 Cases
Y = -17.7 + 1.22X

E

R2 = .92

Y = Peak Parking Counts

800

E

East Bay Cases
Y = 20.73+1.13X
R2 = .86
600

E

Portland Cases
Y = -40.98 + 1.27X
R2=.95

E
E
E

E
E

400

E
E
P
P
EP E
P
PP
PP

200

P

PE
P
E P
EP
EP

E = East Bay
P = Portland

0
0

200

400

600

800

1000

X = Number of Dwelling Units
Figure 3. Scatterplot and Best-Fitting Regression Line of Peak Parking Counts as a
Function of Number of Dwelling Units, Stratified by the Two Regions
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2.4

Why Do Rates Vary?
To probe factors that might explain why peak parking demand varies among

transit-oriented housing projects, this section presents several best-fitting multiple
regression equations. The influences of both on-site and off-site factors on parking
demand are investigated.
Among on-site variables, we suspected that parking supply was a significant and
positive predictor of peak parking demand. A simple scatterplot and bivariate equation,
shown in Figure 4, suggests this is the case. Among off-site variables, distance to the
station and quality of walking environment were thought to be important predictors, the
logic being that ease of access to rail transit should reduce car ownership levels. Figure 5
shows that distance – measured as the shortest path between the center of project and the
nearest rail station using sidewalks – clearly matters. As walking distance increases, so
does peak parking demand. Walking quality also seems to matter. This is reflected by a
circuity index, measured as the shortest walking distance divided by the straight-line (“as
a crow flies”) distance. A circuity index of 1.2, for instance, indicates the walking path is
20% farther than the straight-line distance. Figure 6 shows an upward sloping plot,
indicating more circuitous walking environments are associated higher peak parking
demands. The strength of this relationship, however, was weaker than that of both
parking supplies and walking distance.
Of course, correlation does not mean causation. While causality cannot be
established using non-experimental cross-sectional data like ours, better insights into the
unique influences of factors on peak parking demand can be gained from a multiple
regression equation. Among on-site factors considered as possible predictors were
18

Y = Peak Parking per Dwelling Unit

1.8
1.6
1.4

Y = .26 + .54X
R2 = .36

1.2
1.0
.8
.6
.4
.2
0.0
0.0

.2

.4

.6

.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

X = Parking Spaces per Dwelling Unit

Figure 4. Scatterplot and Best-Fitting Regression Line of
Peak Parking Rates as a Function of Parking Supplies

Y = Peak Parking per Dwelling Unit

1.8
1.6
1.4
1.2
1.0
.8
.6
Y = .805 + .127X
R2 = .374

.4
.2
0.0
0

1

2

3

4

5

X = Walking Distance to Station, in 1000s feet

Figure 5. Scatterplot and Best-Fitting Regression Line of
Peak Parking Rates as a Function of Walking Distance to Station
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6

Y = Peak Parking per Dwellign Unit

1.8
1.6
1.4
1.2
Y = .54 + 0.39X

1.0

R2 = .11
.8
.6
.4
.2
0.0
1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

X = Circuity Index = Walking Distance/Straightline Distance

Figure 6. Scatterplot and Best-Fitting Regression Line of
Peak Parking Rates as a Function of Circuity Index

parking supplies, project size (e.g., land acreage), project density (e.g., land coverage
percentages; dwelling units per acre), project design (e.g., whether a gated project;
whether surface or structured parking), distance to the region’s CBD, and average rents (a
proxy for tenant income levels). A longer list of off-site candidate variables were
considered, including: walking distance, circuity index, transit service levels (e.g.,
headways), road designs (e.g., road widths and presence of nearby freeway interchange),
and a number of variables denoting neighborhood attributes within ½ mile of stations
(obtained from the CTOD database) including housing density, income levels, and the
presence of retail shops.
Table 2 presents the best-fitting multiple regression equation for predicting peak
parking demand that yielded results consistent with theory and expectations. The two
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most significant on-site factors – parking supply and project land area – were strongly
associated with increased parking demand. These two factors are probably not
independent since more spacious land area allows for more parking supply and in general
a more car-oriented built environment (e.g., wider internal roads). Holding other factors
constant, the model estimates that reducing parking by 0.5 spaces per unit will lower peak
demand by 0.11 parked cars per unit.

Table 2. Best-Fitting Multiple Regression Equation
for Predicting Peak Parking Rates

Dependent Variable:
Peak Parking per Dwelling Unit
Parking Supply: Park spaces per dwelling unit
Land Area: Project’s land acreage
Walking Distance: Shortest distance along sidewalk
network from project center to station, in 1000 feet
Peak Rail Headways: Minutes between trains in
A.M. peak at nearest station
Metro Portland Project: 1 = yes; 0 = no
Constant
Summary Statistics:
F statistics (prob.) = 10.657 (.000)
R Square = .681
Number of Cases = 31

Coeff.

Std. Err.

t Statistic

Prob.

0.225
0.001
0.689

0.122
0.006
0.307

1.84
2.254
2.223

.077
.033
.035

0.059

0.019

3.111

.005

-0.182
0.122

0.078
0.199

-2.341
0.615

.028
.544

Among off-site factors, the only two candidates that yielded statistically
significant results were walking distance and peak headways of nearby rail services. The
model suggests for every 1000 feet walking distance that a project lies away from a
station, peaking parking can be expected to increase by 0.7 cars per dwelling unit, all else
being equal. Longer headways, denoting less frequent train services, also seem to be an
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inducement to car ownership and high peak parking demand. A fifth variable in the
equation, “Metro Portland Project”, served as a fixed-effect control, denoting less peak
parking demand in Metro Portland vis-à-vis East Bay projects. Fixed-effect factors aim
to capture the uniqueness of observations from the same city, thus the significance of this
variable could be capturing Portland’s legacy as a pro-transit, smart-growth setting.
While Table 2 reveals a model with fairly good statistical fits – explaining twothirds the variation in peaking parking demand – some variables that we felt might be
significant were not. Notably, once controlling for walking distance, the circuity of the
walk was not significant. This is consistent with findings from other studies showing that
quality of walking environment and micro-design features (e.g., presence of street trees)
have relatively little influence on travel behavior among those living within 5 minutes of
a station (Cervero, 2001; Lund et al., 2004). Other non-significant predictors included
project density, rent levels, and socio-demographic characteristics of the surrounding
neighborhood.
Figure 7 presents a sensitivity analysis of the two variables that TOD housing
developers have some influence over: parking supplies and walking distance to a station.
Based on the best-fitting multiple regression equation and using mean values for other
predictors (i.e., 8 acres of land surface and 8 minute AM peak headways), the figure
plots predicted peak parking demand over a range of parking supply and walking distance
data. This plot applies to Metro Portland cases (i.e., the variable “Metro Portland
Project” was set at 1), however the same patterns hold for East Bay projects as well
(notably, the Y-intercepts of the sloping lines simply slide up by a value of 0.182). For
example, the model predicts that at 1.25 parking spaces per unit (roughly ITE’s
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recommended rate) at 500 feet walking distance from a station, peak parking demand is
slightly above one space per dwelling unit. At a generous supply of 1.75 spaces per unit
and a quintupling of distance to 2,500 feet, it shoots up to 2.5 parked cars per dwelling
unit. Clearly, supply and distance matter.

Figure 7. Sensitivity Analysis: Influences of Parking Supplies and
Walking Distances on Predicted Peaking Parking Demand

One additional multiple regression equation was estimated to shed light on transit
usage among TOD tenants. The dependent variable is off-peak parking demand divided
by peak parking demand. A high value denotes that significant shares of tenants are
leaving their cars at home during daylight hours and thus presumably commuting by
transit – i.e., there are almost as many parked cars in the midday as in the wee hours of
23

the morning. Very low values suggest the obverse: most tenants are driving to work or
other destinations.
Numerous available variables were used as candidate predictors however as
shown by the best-fitting equation in Table 3, only two were reasonably significant: land
area and walking distance. The coefficients on both variables are negative, indicating
that large, spacious projects far removed from stations were associated with most tenants
driving to work – i.e., parking lots tended to empty out during the day.

Table 3. Best-Fitting Multiple Regression Equation
for Predicting the Rate of Off-Peak to Peak Parking Demand

Dependent Variable:
Off-Peak Parking/Peak Parking
Land Area: Project’s land acreage
Walking Distance: Shortest distance along sidewalk
network from project center to station, in 1000 feet
Constant
Summary Statistics:
F statistics (prob.) = 6.073 (.006)
R Square = .303
Number of Cases = 31

Coeff.

Std. Err.

t Statistic

Prob.

-0.009
-0.244

0.003
0.000

-2.493
-1.651

.019
.110

0.688

0.041

16.766

.000

3. Case Studies
The previous analysis showed that walking distance and parking supplies were the
two most significant predictors of parking generation rates. To gain further insights into
these and other influences, this section presents case studies of individual projects drawn
from both the East Bay and Metro Portland. Field visits and observations were mainly
relied upon in carrying out these case reviews.
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3.1

East Bay Cases
Projects near the Fremont BART station stood out for their high peak parking

rates, ranging from 1.23 to 1.69. Alborada Apartments is notable for having the highest
peak parking demand of the entire study. Another site, Archstone Fremont Center,
distinguishes itself not because its peak generation is unique (at 1.45, its rate is average
for Fremont) but because its off-peak generation is so high. The off-peak parking
generation at Archstone was 1.14, the highest of all surveyed projects. That is, almost
80% of the cars present in the middle of the night were still there in the middle of the day.
Archstone’s high ratio (0.78) of off-peak to peak demand indicates that most residents
own cars, but are not driving for their daily commute. What neighborhood and design
features might explain the seemingly high level of car parking and usage at the surveyed
Fremont projects? We felt focusing on these two “outlier” cases might shed light on this
question.
Fremont Station Area
The city of Fremont was designed for the car (Renne, 2009a). Despite the
presence of pedestrian and bicycle infrastructure, like audible pedestrian countdown
signals, wide, shaded sidewalks, and bike lanes, it is not an inviting place to walk or bike
due to its scale and the vast distances that separate activities. The streets immediately
adjacent to the Fremont BART station are quite wide, ranging from 80 to 100 feet and the
blocks are 800-2000 feet long. Over half of the projects in Fremont are over 13 acres in
size. A block away from the Fremont station lies large office and institutional buildings
that turn large blank walls to the sidewalk. Retail stores and eateries are few and far
between.
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Fremont BART’s Archstone and Alborada Projects
A comparison of Archstone and Alborada reveals several salient differences that
could explain variations in parking demand. One difference pertains to on-site uses.
Ground-floor retail uses (a coffee shop, grocery store, and restaurants) at Archstone
enable residents to meet basic daily needs on foot en route to or from the BART station
(Photo 2). In contrast, Alborada has no retail on-site or along the walk to BART. This
could partly explain why larger shares of Archstone residents leave their cars at home
during the workday – i.e., its relatively high off-peak to peak parking ratio.

Photo 2. Ground Floor Retail at Archstone Fremont Center

Another different pertains to site design. Both Archstone and Alborada are
relatively large complexes, with 323 and 442 units respectively, but the projects have
strikingly different physical forms (Photo 3). Alborada is a garden-style project with
individual buildings interlaced by surface parking. It is an insular, gated development,
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set back from the street and detached from its surroundings. Over 16 acres in size, it
averages 27 units/acre. Two-thirds of Alborada’s land area is devoted to surface parking
and roadways. At 54 units and covering only 6 acres, Archstone is more compact,
conveying the feeling of an urban place. Cars have less of a physical presence: podium
parking is tucked under 4-story residential complexes, with less than half the site devoted
to parking and roadways.

Photo 3. Contrasting Road Designs: Alborada Apartments (left) and Archstone
Fremont Center (right)

It is not form alone but also how Alborado’s design affects connectivity to BART
that likely influences travel choices. Despite Alborada lying within a half mile of BART,
the shortest walking route to the station is over a mile (Photo 4). This circuity results
from two factors: (1) the entire perimeter of Alborada’s16-acre expanse is fenced and the
sole gate is at the opposite end from the station; and 2) the sheer size of the development,
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together with limited access points, inflates walking times to almost anywhere. It takes
around 6 minutes to walk from one end of the Alborada complex to the other. Even
Alborada residents who take transit may be tempted to drive to the station when faced
with a choice of a two-minute drive or a circuitous 20-minute walk along a route lacking
anything of pedestrian interest. The fact that reaching the local BART station is far more
convenient by car than foot likely contributes to Alborada’s high peak parking rate.

Photo 4. Trip Circuity. Comparison of shortest walking path to straight-line distance from
center of Alborada Apartments project to the Fremont BART station entrance.

In contrast, Archstone Fremont’s considerably higher off-peak/peak parking ratio
is no doubt partly due to easier foot access. Most Archstone tenants are within 10
minutes of the BART fare gate. This is due partially to the fact that Archstone is closer to
BART than Alborada, which as shown earlier in Table 3 is a significant predictor of this
ratio. Additionally, Archstone’s proximity is enhanced by the absence of clear borders
and fences. The project’s smaller scale and grid layout also creates a more pedestrianfriendly setting.
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In sum, the city of Fremont’s auto-oriented design compels many residents to own
a car and thus inflates high parking generation rates even for housing near BART. The
Archstone and Alborada cases suggest the presence or absence of mixed uses, direct
pathways, and connectedness to surroundings could very well affect how much people
actually use that car. A third project near Fremont BART, Presidio, buttresses this point.
At 1.23, Presidio has the lowest peak parking generation rate in Fremont. Like Albarado,
it has an insular, gated design, but because it lies directly across from BART and has a
pedestrian gate at the closest point to the station which connects directly to a crosswalk,
residents can get to the fare gate in 3 minutes (Photo 5). Location and access clearly
matter.

Photo 5. Presidio’s Access to BART. View from Presidio gate to BART parking lot.
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Missed Opportunities
Fremont suffers from missed opportunities even among projects that lie close to
BART. For example, the shortest route to BART from Archstone Fremont is cut off due
to lack of a mid-block crossing. A walking path from the development towards the
BART station dead-ends at a sidewalk with no pedestrian crossing (Photo 6). Residents
have to walk an additional 400 feet down the sidewalk to the nearest crosswalk, doubling
the shortest route to the fare gate from 5 to 10 minutes. Moreover, two other sites that
could benefit from an existing direct access path cannot because the entrance to the path
is fenced and walled in (Photo 7).

Photo 6. A Missed Opportunity. The direct walking path from Archstone Fremont
dead ends at the main street separating BART.
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Photo 7. Other Missed Opportunities. Gates (left photo) and walled barriers (right photo)
block direct access to Fremont BART.

The city of Fremont has recognized its history of missed opportunities and to its
credit recently added to its General Plan a TOD overlay district that allows higher
density, mixed-use development around its BART station. It is doubtful that the city
would today allow projects of the scale and design found near its rail stop. Fremont
officials recognize that station-area planning is crucial in ensuring that transit-oriented
projects work well together and avoiding a mishmash of transit-adjacent projects that do
not take full advantage of their proximity to BART. As noted, much of Alborada's
circuity is due to property lines. It is the charge of city planners to see to it that walking
paths within and between developments are direct and that impenetrable perimeter fences
are a thing of the past.
The Quatama/NW 205th Avenue MAX station in Beaverton, Oregon can serve as a
model for cities like Fremont on designing for transit connectivity. There, a walking path
provides direct and nicely landscaped access to the MAX station (Photo 8). The city
required the project developer to build the path as a condition of approval. As described
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in the next section, Quatama is not ideal in some ways, but this particular design
intervention serves as a positive example for places like Fremont. Retrofitting current
development with such pathways, while challenging, could help Fremont improve current
pedestrian connectivity and requiring such pathways in new developments could ensure
better connectivity in the future.

Photo 8. Pathway from the Quatama Station Toward Nearby Residences

3.2.

Metro Portland Cases
Case studies from Metro Portland echo and extend those of the East Bay. Orenco

Gardens, near the award-winning, mixed-use Orenco Station TOD, has excellent transit
connectivity, many consumer services within easy walking distance of the project, and
one of the lowest peak parking generation rates at 0.76. Quatama Crossing and Quatama
Village, in contrast, are located in suburban Beaverton whose built form largely
resembles that of Fremont. Both projects convey a sense of separation from the
surrounding neighborhood and MAX station and have no retail uses within walking
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distance. This could account for why their peak parking generation rates are over 1.3, the
highest of the Metro Portland sites.
Orenco Gardens
Orenco Gardens is located west of Portland at the Orenco/NW 231st Avenue MAX
station in Hillsboro. The project features a classic small-block grid and therefore enjoys
high street connectivity. At 25 units per acre, Orenco Gardens is typical of newer
Portland suburban neighborhoods. Unlike Alborada Apartments in Fremont, however,
there are no fences or clear borders, providing seamless integration into the surrounding
community (Photo 9). And Orenco Gardens enjoys proximity advantages. The project
abuts the MAX tracks, with a trellised gateway connecting the project directly to the
MAX platform. The walk from most units to the platform takes around 2 to 3 minutes
and does not require crossing any major streets.

Photo 9. Orenco Garden’s Pedestrian-Friendly Landscape.
Well-designed pedestrian infrastructure (left photo) and a direct connection to the MAX platform
(right photo) facilitate station access.
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The low parking generation at Orenco Gardens also likely stems from proximity
not only to MAX but also to the Orenco Station TOD, enabling residents to satisfy many
of their daily needs without a car. Orenco Station, located one third of a mile from
Orenco Gardens, is a lively, walkable, mixed-use development with a large supermarket,
restaurants, cafes, and other services.
Quatama
In contrast to Orenco, the Metro Portland sites with the highest parking generation
rates were Quatama Crossing and Quatama Village, at 1.32 and 1.37 respectively. Both
lie near the Quatama/NW 205th Avenue MAX station in Beaverton, a suburb west of
Portland. Both Quatama sites are suburban in character with winding internal streets and
insular designs that isolate them from the surrounding neighborhood, similar to the larger
sites in Fremont. Neither the physical form nor the signage of either development
suggests a light rail station is nearby. However, unlike sites in Fremont which block
direct access to rail transit, MAX can be reached in about six minutes from both projects.
As shown earlier in Photo 8, a direct pathway provides a pleasant route from Quatama
Crossing to the MAX station. Therefore, site design by itself is not responsible for high
parking generation rates. More influential, we believe, is Beaverton’s car-oriented built
form, characterized by wide streets and single uses. Aside from residential complexes
and several large corporate campuses, there are no other land uses around the
Quatama/NW 205th Avenue station. Absent any nearby grocery stores, coffee shops, or
restaurants, housing in places like Beaverton compel residents to drive regardless how
close they live to rail transit.
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In sum, as in the East Bay, Metro Portland sites underscore the importance of not
only proximity to transit but also connectivity and mixed land uses in “de-generating”
parking. While the regression equations in section 2 of this paper were unable to capture
such nuanced relationships, the qualitative case studies in this section suggest that such
factors indeed matter.

4.

TOD Parking Ordinances
While our research has found that housing projects near suburban rail stops do not

have peak parking levels that are significantly below national averages (based on ITE
data), we also found that factors like constrained parking supplies and short walking
distances to stations can reduce parking demand. In light of these findings, have cities
been responsive through their zoning ordinances, making adjustments for projects near
rail transit?
4.1

National Survey
To probe this question, we conducted a national survey. The sample frame was

all U.S. cities with rail transit stations. This list was created using station coordinates
from the Center for Transit-Oriented Development (CTOD) station database. From this
list of cities, contact information was gathered and the survey was sent to senior planning
staff.1 The design and content of the on-line questionnaire was informed by input from a

1

When a planning contact could not be found, as was the case in some small cities, the
survey was sent to another city official or in some cases to a generic “planning director.”
When possible, e-mail addresses were used so a link to the online survey could be
followed directly from the body of the e-mail. When an e-mail address was not available,
a letter containing a simplified version of the URL was sent to a mailing address. Survey
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series of meetings with planners in California and Oregon and versions were pre-tested
for clarity and length.2
Of the 363 cities surveyed, 22 percent (or 80 in total) returned a completed
questionnaire, which is in line with typical response rates for online surveys (Fink 2003).
Figure 8 maps the location of responding cities. A higher response rate of 40 percent
from cities with over 100,000 residents and just a 10 percent response rate from cities
under 10,000 skewed the sample to an average population of 167,000 versus 144,000 for
all cities with rail stops. Ten or more responses were received from cities in metropolitan
Los Angeles, San Francisco-Oakland, Chicago, and the Washington-Boston corridor.

Figure 8. Location of Cities that Responded to National Survey
recipients each received a reminder as the deadline approached. When possible, reminder
calls were also made.
2
The online questionnaire was designed to be dynamic so that respondents were only
asked questions relevant to their city (based on previous answers). For this reason,
response times varied, but most respondents were able to complete the survey in about 15
to 20 minutes.
36

4.2

Survey Findings
Of the cities surveyed, nearly all (96%) have some form of minimum off-street

parking requirement for multi-family housing. Most cities with minimum parking
requirements (89%) also allow for variances or exceptions to these minimums. Proximity
to rail transit is grounds for a variance in 39% of cities that allow variances, which is just
over one third of all cities with minimum off-street parking requirements for multi-family
housing. Parking space reductions for proximity to rail transit range from fewer than
10% to as high as 60%, with a mean reduction of 22.8% (standard deviation = 13.7%).
Proximity to a bus line is grounds for a variance in 21% of cities allowing variances.
Differences by housing type and across locations in a city complicate the ability
to quantify a city’s average or typical parking requirement. In the interest of obtaining
some sort of comparison, we calculated per unit parking requirements in each city for a
hypothetical transit-oriented multi-family housing project located ¼ mile from a rail
station using zoning requirement and variance information that was provided. These
calculated minimum off-street parking requirements are of course a simplification and
likely miss some nuances of applied zoning codes, but they provide a useful tool for
comparing requirements across jurisdictions.
The calculated off-street minimum parking requirements for transit-oriented
multi-family housing in our sample ranged from 0 to 3 parking spaces per unit for both
one and two bedrooms units. The mean across all cities surveyed was 1.37 stalls per one
bedroom and 1.61 per two bedroom, both above the ITE per unit rate of 1.2. If we
assume an even mix of one and two bedroom units, our average calculated parking
requirement for a hypothetical transit-oriented housing project is 1.48 per unit, well
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above the ITE average of 1.2 per unit and even above ITE’s 85th percentile of 1.46 per
unit. Put another way, 75 percent of cities surveyed have minimum TOD parking
requirements that exceed ITE parking generation rates. Based on both ITE rates and the
empirical findings presented earlier, these numbers show that even when cities adjust
parking requirements to take transit-proximity into account, far too much parking is
required.
Results for the four (broadly defined) regions that had ten or more respondents are
shown in Table 4. The NorthEast corridor had the lowest mean calculated parking
requirements of 1.51 spaces per unit while southern California had the highest at 1.95
spaces per unit. Again, regional averages even exceeded ITE’s 85th percentile rate.

Table 4. Mean Calculated TOD Parking Requirement Across Four Regions
Mean Calculated
TOD Parking Requirement

Standard
Deviation

Sample
Size

Chicago

1.62

.45

11

DC-NY-Boston

1.51

.72

15

Los Angeles

1.95

.58

15

San Francisco

1.71

.37

15

Region

Calculated parking requirements did not differ significantly by city size, although
primary cities had statistically lower requirements (1.22 spaces per unit) than their
suburban counterparts (1.70 spaces per unit). Among a number of variables collected
from survey responses and the 2000 U.S. Census, the strongest correlation with
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calculated parking requirements was the percent of residents commuting by transit
(pearson correlation = -0.346, significant at the .01 probability level). This is consistent
with the findings of Mildner et al (1997) that showed strong public intervention in
parking management correlates with high transit modal shares.
Respondents were also asked a series of questions to gauge their perceptions of
current parking policies and the willingness of elected officials and developers to support
changes to parking requirements. Questions were asked both generally (citywide) and
specific to areas within walking distance of a rail station. When asked about their city’s
current minimum off-street parking requirements, half of respondents answered they “are
about right” (Table 5). In fact, larger shares were satisfied with minimum parking quotas
for sites near transit than citywide. However larger shares of respondents also felt that
sites near rail stops were required to provide too much parking. And when asked about
the likely stance of local elected officials to lowering minimum off-street parking
requirements for multi-family housing near rail transit, 59% of those who responded felt
officials would be supportive versus 32% who thought they would be opposed.
Moreover, among those who recorded a response, 85% felt elected officials would
oppose efforts to eliminate minimum parking requirements even if a project is near a rail
stop. However 55% also believed elected officials would support efforts to set a cap on
parking for housing near rail transit.
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Table 5. Views on Minimum Parking Policies. Response to Question: “In your
professional opinion, your city’s current minimum off-street parking requirements for multifamily housing projects…”. Percentages are adjusted for non-respondents.
Response

Citywide

Near Rail

Require not enough parking

14%

4%

Are About Right

50%

59%

Require too much parking

36%

37%

In general, survey respondents felt housing developers were less inclined to
provide parking than elected officials. Among those answering the question, 60% felt
that developers of multi-family housing would build too little parking if given the chance.
Just 10% felt developers would provide too much parking. The prevalence of high
minimum parking requirements likely reflects the public sector’s fear that left to their
own accord, private developers will under-supply parking. Planners fear the resulting
spillover will afflict surrounding neighborhoods, which was cited by respondents as the
number-one obstacle to enacting zoning reforms.

5. Conclusions
This study posed the question: “Are TODs over-parked?” From a design standard
perspective, our response is “probably so”. For the 31 surveyed multi-family projects
combined, there were 1.57 spaces per dwelling unit, nearly a third higher than ITE’s
suburban standard of 1.2 spaces per unit. And from a supply-demand standpoint, transitoriented housing also seems over-parked: the weighted-average supply of 1.57 spaces per
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unit was 37% higher than the weighted-average peak demand of 1.15 parked cars per
unit. And from our national survey responses, there is evidence of over-parking: the
estimated average minimum parking requirement for multi-family housing near rail
transit was 1.48 spaces per unit, also well above the ITE standard. From a pure demand
standpoint, however, it appears peak parking demand for transit-oriented housing aligns
fairly closely with the ITE standard. Experiences in the East Bay and Metro Portland
suggests TODs are only slightly over-parked, if at all. In sum, then, we believe parking
supplies are over-inflated, however not due to bloated ITE design standards but other
factors, such as developers’ fears of insufficient parking to attract prospective tenants or
local officials’ fears of spillover on-street parking problems in surrounding
neighborhoods. It is because of such concerns that municipal parking standards for TOD
housing appear on the high side, which probably in turn further induces car ownership
and usage – i.e., the classical viscous cycle of supply and demand feeding off each other.
While we conclude that transit-oriented housing is mostly over-parked, the
research also points to factors that can moderate demand. As expected, supply matters.
From our regression estimates, reducing parking by 0.5 spaces per unit is associated with
0.11 fewer cars parked per unit at the peak. Also, parking demand generally fell as the
walking distance to a station shortened. Smaller scale projects with less land coverage
also average lower parking rates. These findings favor clustered development with good
internal pathways that provide fairly short, direct connections to rail stops. Such designs
can shrink parking demand and its footprint, unleashing a “virtuous cycle” -- i.e., less
land is given over to surface parking which in turn allows more compact site designs.
Lastly, the other policy lever to lower parking demand is transit service levels. Our
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model showed that reducing headways between trains reduces parking loads, ostensibly
because one is less in need of a car in areas with superb transit services.
Other policy responses are also supported by our findings. One response should
be the introduction of more flexibility in parking policies for housing near rail stops.
Flexibility can be in the form of enabling projects to provide below-code parking levels
when justified – e.g., compact projects with short, direct walking connections to transit
and perhaps on-site retail establishments. In a chapter on “Ten Principles for Developing
around Transit”, Dunphy et al. (2004, p. 174) note that “flexible parking standards
provide some latitude in providing the optimal number of parking spaces”. Flexibility
can also take the form of unbundling the cost of providing parking from the cost of
building (or renting) housing (Daisa, 2004; Shoup, 2005). This would allow developers
to better scale the amount of parking provided to what each tenant or homeowner is
willing to pay for each car owned – i.e., let the market demand, rather than a possibly
out-dated government fiat, determine supply. And flexibility can be in the form of
allowing TOD tenants to choose deeply discounted transit passes for frequent riders
instead of a 300 square foot parking space. Shoup (2005, p. 259) argues that the
substitution of such “Eco Passes” for parking among transit-oriented residents could
“reduce the cost of TOD, improve urban design, reduce the need for variances, and
reduce traffic congestion, air pollution, and energy consumption …at a low cost”.
Our finding that TODs de-generate automobile trips a lot more than they degenerate parking demand, at least relative to ITE standards, suggests TOD residents
commute by transit proportionately more than they shed cars. That is, many self-select
into TOD neighborhoods for the very reason they want to avoid congestion and thus take
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transit to work, however for non-work travel, they still need a car. We believe a
significant share of TOD residents would shed a car if they had carsharing options.
Cervero et al. (2002) carried out a panel study of how San Francisco’s City CarShare
program affected car ownership. Four years after the inauguration of City CarShare, 29%
of carshare members had gotten rid of one or more of their cars and 63% lived in zerovehicle households. A predictive model showed that living close to a carshare pick-up
spot was strongly associated with car-shedding. By extension, putting shared-cars in and
around TODs could relieve many households from owning a second car or a vehicle
altogether. Through a combination of proximity advantages and lifestyle
predispositions, living near transit can de-generate vehicle trips. And with the option of
car-sharing, it can likely reduce parking demands as well.
Strangely, as of now, there are few TODs in the U.S. with carsharing options.
Perhaps carsharing companies fear the competition of transit. Or maybe transit agencies
fear that carsharing will take away customers. In truth, carsharing and transit are more
likely complements than competitors. Experiences from Switzerland suggest this is the
case. Zurich, for example, has the second highest per capita transit usage in the world
(over 600 transit trips per capita per year) and the highest per capita carsharing
participation anywhere (7% of households are members of Mobility Carsharing
Switzerland). And in spite of having one of the world’s highest per capita incomes (on a
purchasing power parity basis), only one out of three households has an off-street parking
space (Cervero, 1998). In Zurich, world-class transit, carsharing, parking limits, and
prosperity go hand-in-hand.
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Appendix 1.
Mean Statistics of 31 Surveyed Housing Projects, Summarized by Metropolitan Area
MEAN
East Bay
Metro Portland

Descriptive Statistics
Site Characteristics
Number of units
Parking spaces per dwelling unit
Peak observed parking generation per unit
Off peak observed parking generation per unit
Ratio of offpeak:peak
Walking (sidewalk) distance to station
Score on www.walkscore.com
Land Area of site
Building coverage of site (bldg area:site area)
Dwelling units per sq foot of site
Average posted rent for 2 bedroom
HH/resid.acre within 1/2 mile of station CTOD
% owner occupied within 1/2 mile of station CTOD
Persons per DU within 1/2 mile of station CTOD
Prop. HHs <$25K/year within 1/2 mile of station CTOD
Prop. HHs =/>$75K/year within 1/2 mile of station CTOD
% HHs with 0-1 cars within 1/2 mile of station CTOD
Average vehicles per household within 1/2 mile of station CTOD
% commutes by transit within 1/2 mile of station CTOD
Distance to CBD- SF/Portland (miles) CTOD
AM peak headway at station – BART & Trimet websites
PM peak headway at station – BART & Trimet websites
Parking at station 2004 (BART database, Trimet website)
Valid N (listwise)

314.69
1.66
1.24
0.66
0.54
0.46
63.94
39,6264.50
0.33
35.35
1,676.73
8.20
0.42
2.22
15.35
38.71
0.51
1.58
0.16
26.93
6.69
7.06
2506.88
16

196.33
1.45
0.96
0.56
0.59
0.27
55.67
30,7601.53
0.30
28.07
796.40
3.64
0.43
2.48
27.29
17.56
0.52
1.56
0.12
11.29
8.40
7.87
294.67
15

Note: All neighborhood data (1/2 mile of station) were obtained from CTOD (Center for Transit
Oriented Development), based on 2000 U.S. census data
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Appendix 2. Maps of Shortest Sidewalk Distance
from Projects to Nearest Rail Stop

Bayfair BART Station (left image) and Fremont BART Station (right image)
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Appendix 2 (cont.). Maps of Shortest Sidewalk Distance
from Projects to Nearest Rail Stop

Pleasant Hill BART Station (left image) and Union City BART Station (right image)
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Appendix 2 (cont.). Maps of Shortest Sidewalk Distance
from Projects to Nearest Rail Stop

Beaverton Creek MAX Station (left image) and East 148th Ave. MAX Station (right image)
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Appendix 2 (cont.). Maps of Shortest Sidewalk Distance
from Projects to Nearest Rail Stop

East 162nd Ave. MAX Station (left image) and
Elmonica/SE 170th Ave. MAX Station (right image)
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Appendix 2 (cont). Maps of Shortest Sidewalk Distance
from Projects to Nearest Rail Stop

Gateway/NE 99th Ave. MAX Station (left image) and
Orenco/NW 231st Ave. MAX Station (right image)
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Appendix 2 (cont.). Maps of Shortest Sidewalk Distance
from Projects to Nearest Rail Stop

Quantama/SW 205th Ave. MAX Station (left image) and
Willowcreek/SW 185th Ave. MAX Station (right image)
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Appendix 3.
Comparison of Actual Peak Parking Demand and ITE Regression Estimates, Sorted
in Descending Order by Percent Error, East Bay and Metro Portland Projects
(1) No.
Parked
Vehicles
in Peak

(2)
No.
Dwelling
Units

(3) Peak
Parked
Vehicles/
DU

(4)
ITE
Regression
Estimate

(5)
% Error
(1)/(4)
x 100

89
747
495
468
181
267
611
155
235
532
314
393
901
471
101
201

60
442
336
323
147
211
453
145
208
432
282
360
854
510
136
252

1.483
1.690
1.473
1.449
1.231
1.265
1.349
1.069
1.130
1.231
1.113
1.092
1.055
0.924
0.743
0.798

39.8
586.1
434.5
415.9
164.2
255.7
601.8
161.4
251.4
571.8
357.3
468.8
1175.2
683.3
148.5
314.4

223.6
127.5
113.9
112.5
110.2
104.4
101.5
96.1
93.5
93.0
87.9
83.8
76.7
68.9
68.0
63.9

42
45
33
49
283
90
326
940
241
30
263
130
118
356
200
9,307

36
51
51
62
207
90
264
711
216
57
252
144
144
396
264
8,096

1.167
0.882
0.647
0.790
1.367
1.000
1.235
1.322
1.116
0.526
1.044
0.903
0.819
0.899
0.758
1.150

5.5
26.9
26.9
42.7
250.0
82.7
331.5
970.7
262.9
35.5
314.4
159.9
159.9
520.3
331.5
10,151.3

766.4
167.1
122.5
114.9
113.2
108.8
98.3
96.8
91.7
84.5
83.7
81.3
73.8
68.4
60.3
91.7

East Bay Projects
Park Vista, Fremont BART
Alborada Apts., Freemont BART
Sun Pointe Village, Freemont BART
Archstone Freemont, Freemont BART
Villa Montanaro, Pleasant Hill BART
Watermark Place, Freemont BART
Mission Peaks, Freemont BART
The Hamlet, San Leandro BART
Parkside, Union City BART
Presidio, Freemont BART
Verandas, Union City BART
Archstone Walnut Ck. Station, P.H. BART
Park Regency, Pleasant Hill BART
Archstone Walnut Ck., Pleasant Hill BART
Diablo Oaks, Pleasant Hill BART
Iron Horse Park, Pleasant Hill BART

Metro Portland Projects
Dalton Park, E. 148th Ave. MAX
Rachelle Anne, E. 162nd Ave. MAX
Morgan Place, E. 162nd Ave. MAX
Sequoia Square, E. 162nd Ave. MAX
Quantama Village, Quantama MAX
Gresham Central, Gresham MAX
Centre Pointe, Beaverton Creek MAX
Quantama Crossing, Quantama MAX
Briarcreek, Quantama MAX
Gateway Terrace, Gateway MAX
Cambridge Crossing, Elmonica MAX
Elmonica Court, Elmonica MAX
Gateway Park, Gateway MAX
Wyndhaven, Willowcreek MAX
Orenco Gardens, Orenco MAX

All 31 Projects
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