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Appendix c. RESEaRCh  &  TEChNICal  DOCUmENTS    
iii. Transportation & the Built environment 

The purpose of this paper is to discuss 
ome of the relationships between 
and use and transportation. Although 
he SCTA does not have direct control 
ver land use and growth in Sonoma 
ounty, land use and transportation 
re intimately related in many ways. 
ransportation affects, and in turn is 
ffected by, land use. As discussed later 

n this paper, such variables as proximity 
f uses, diversity of land uses, density, 
nd a balance of land uses, can affect 
he number of trips made, how far they 
re made, and by what mode of travel. 

aND USE aND TRaNSPORTaTION  

he architecture of our land use patterns 
nd streetscapes reflects a melding of 
umerous economic, social and other 

nfluences, of which transportation is 
nly one. Transportation goals should 
e weighed alongside other goals, 

ncluding providing desirable and afford-
ble housing, enhancing quality of life, 
upporting economic development, 
reserving agricultural and environmen-
ally sensitive lands, and minimizing costs. 
osts include new infrastructure which, 

n addition to transportation facilities, 
ncludes sewers, water and schools. Costs 
lso include the social, economic and 

ost resource costs of losing productive 
pen space, and of having previously 
iable urban neighborhoods left behind 

n outward growth. not to be overlooked, 
owever, are worthy transportation 
bjectives for shaping land use patterns 
nd site design features in the interests 
f transportation efficacy and impact 
itigation. These objectives include: 

• 	�Reductions in vehicle miles of travel 
(VMT), pollution, and energy con-
sumption. Concentrated, contiguous 
development and balanced land use 
provide opportunities for households 
to meet daily needs with shorter 
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automobile trips or by walking, 
bicycling, or taking transit, thus 
contributing to reduction in overall 
VMT and efforts to manage conges-
tion, reduce energy vulnerability, and 
achieve air quality health standards. 

•	�Increased transit use and productiv
ity. Clustering and intensification of
residential and commercial devel-
opment along transit lines and 
around transit facilities increases 
the number of opportunities that 
can conveniently be reached by 
transit, which in turn leads to highe
levels of ridership, correspondingly 
increased service productivity and 
cost effectiveness, and potential for
even higher transit service levels. 

-
 

r 

 

•	�Pedestrianization of activity centers. 
Concentrated, mixed land uses 
coupled with pedestrian friendly 
site design not only facilitate non-
motorized and other non-autodriver 
travel by residents, but also by 
commuters and commercial visi-
tors. Knowledge that most activities 
within a center can be reached 
on foot or via local transit once 
there diminishes perceived need 
to drive to a center, enhancing 
choice of transit and carpooling. 

types of Land Use and Site 
Design Strategies 

There are a number of specific actions 
that governments or planning agen-
cies have taken to try to manage or 
influence land use or site design in rela-
tion to transportation or other public 
policy concerns. examples include: 

Growth Boundaries or Regulatory 
Controls: A major achievement in the 
past two decades has been that all of the 
major jurisdictions in Sonoma County 
have enacted urban growth boundaries 
(UGB). A number of states and metro-
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politan areas have enacted legislation 
or imposed regulatory controls on 
growth in the interests of curbing sprawl 
and associated deleterious effects. 
The state of oregon has metro area 
Urban Growth Boundaries to constrain 
urban growth within established limits. 
Portland, oregon, established its Urban 
Growth Boundary in 1980. Minneapolis/ 
St. Paul has a similar boundary, largely 
to protect commercial agricultural lands 
and northern lakes wilderness areas, 
and to control regional water and sewer 
requirements. More recently, states like 
Maryland, new Jersey, and Massachusetts 
have enacted “Smart Growth” types 
of laws with comparable objectives.1 

Planning and Zoning: Planning and zoning 
are among the oldest tools used to guide 
growth at the local level. An area’s com-
prehensive land use plan and zoning 
designates the location, mix, and intensity 
of uses that are desired for develop-
ment in the community. At a macro scale, 
specific plans may be developed for cities, 
counties, or regions to establish intended 
uses in terms of intensities, location 
and supporting transportation facilities. 
Sometimes addressed in these plans is 
the jobs-housing ratio, a measure of the 
balance among land uses, particularly 
in relation to work travel. A major plan-
ning consideration is highway, street, 
and pedestrian facility layout, typically 
enforced at the local level through design 
standards and land subdivision controls. 

Building Codes and Site-Level Zoning 
Requirements: At a site level, build-
ing codes and site-level requirements 
of zoning may have provisions that can 
have important effects on transporta-
tion options and travel behavior. Some 
areas, like Bellevue, Washington, and 
Montgomery County, Maryland, limit or 
seek to discourage on-site parking by 
placing maximums on spaces per 1,000 
square feet or offering density incentives 
for building less parking. other strate-
gies include reduced building setbacks 

to improve access for walk, bike and 
transit users, and suburban office park 
requirements for supply of a mix of 
pedestrian-accessible services on site, 
to reduce need for auto commuting. 

Growth Management and Traffic 
ordinances: Some jurisdictions have 
adopted ordinances that regulate the 
pace of new development to ensure 
adequate capacity and performance 
of existing and new public facilities. 
Petaluma, for example, has one of the 
oldest growth management programs 
in the country. Some limit development 
at a site if its addition would increase 
traffic congestion beyond a specified 
threshold. “Adequate Public Facility” and 
similar “concurrency” ordinances fall 
in this category. They must be carefully 
structured to avoid inadvertent discour-
agement of desired construction such 
as higher-density, compact development 
supportive of transportation alternatives. 

Transit oriented Development (ToD): 
Development earns the ToD designation 
when growth is focused or intensified 
in the immediate proximity of a transit 
route, station or other service node. 
Along with the higher densities, ToDs 
need pedestrian and transit friendly 
design. Various cities along the pro-
posed SMART line have proposed ToDs 
around the relevant rail stations. 

Traditional neighborhood and Pedestrian 
Friendly Development: A movement has 
emerged to build new or redeveloped 
areas which look and behave more like 
traditional towns. Structuring an activ-
ity center or community so that it has 
key traditional town characteristics of 
mixed uses, walkable distances, sidewalks, 
and other design features conducive to 
walking, biking or transit use is often 
termed Traditional neighborhood 
Development (TnD) or, less frequently, 
Traditional neighborhood Design. If such 
developments reflect past practices in 
extensive detail, such as accompani-
ment by streets and alleys laid out in 
a full conventional grid pattern, they 
may be classified as neo- Traditional 
Development. Conversely, Pedestrian or 

1	 	for	 example,	 Statewide	 Programs	 to 	Assess	 Impacts 	
of	 Land 	Use	 Decisions	 on	 Transportation, 	report	 of	 ITE	 
Technical 	Committee 	6A-57,	 Steven	 B.	 Colman,	 chair.	 
report	 Ir-088,	 January	 1996.	 
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Transit Friendly Development may provide 
close-at-hand retail and services, walkabil-
ity, easy bicycling and transit supportive 
infrastructure without neo-Traditional 
design constraints. Unlike ToD, neither 
TnD nor Pedestrian Friendly Development 
necessarily requires high densities. 

Infill and Brownfields Development: efforts 
to strengthen central places, make better 
use of existing infrastructure, and reuse 
semi-abandoned urban lands, all in prefer-
ence to equivalent outward expansion, 
have led to use of infill and brownfields 
development. Infill refers to building on 
vacant parcels within otherwise devel-
oped urban landscapes, while brownfields 
development pertains to redevelop-
ing sometimes large urban tracts often 
saddled with industrial contaminants that 
must be remediated. Infill and especially 
brownfields development often require 
incentives and other seed money. 

Incentives and Fees: Pricing mechanisms 
may be applied to alter existing condi-
tions in the market place that act as 
development signals. These may directly 
or indirectly affect land use or transpor-
tation. Governments are experimenting 
with location efficient mortgages or job 
creation incentives to attract develop-
ment to desired locations. The City of 
Rohnert Park has engaged in an agree-
ment with a developer to collect regional 
traffic mitigation funds for transportation 
improvements outside its city limits. 

travel behavior and the 
built environment 

Travel behavior research associated 
with the built environment has gener-
ated multiple Dimensions, or “Ds” (At 
last count, we have seen over seven!). 

Recent reviews document over 70 studies 
during the 1990s that explored and 
quantified these relationships (Handy, 
2006; Boarnet and Crane, 2001; ewing 
and Cervero, 2001). one of the biggest 
challenges all of these studies face is 
sorting out the extent to which socio-
economic characteristics and their 
interplay with characteristics of the built 
environment impact travel behavior. 

Neighborhood Dimensions: Distance, 
Density, Diversity and Design 

According to Handy (2005), we need 
to better understand the scale at which 
these various dimensions influence travel 
and VMT. For example, at neighborhood/ 
Station Area Scale, the local neighborhood 
dimensions of distance, density, diver-
sity, and design have a bigger effect on 
walking than on driving, and especially on 
“purposeful walking”. And finally, Handy 
(2005) notes that distance to destina-
tions are key to walking: an attribute more 
directly affected by diversity (i.e., land use 
mix) than by density. This makes sense, 
as these factors are key determinants 
of the quality of a person’s interaction 
and experience with their environment. 

Distance 


How Far Are People Willing to Walk? 


The average adult walks three to four 
feet per second (about two to three 
miles per hour); children, seniors, and 
people with mobility limitations tend to 
move more slowly. To understand how 
far people in a certain community are 
willing to walk, research tailored to the 
needs, attitudes and unique community 
contexts are needed. For example, many 
factors such as land use mix (retail, 
housing and residential opportunities), 
Urban Design, attitudes, etc, all play 
an important role and can vary signifi-
cantly from community to community. 

Why would someone decide to walk 
instead of drive? This requires a much 
more detailed answer, but the emerging 
conventional wisdom, in short, is that the 
decision to walk is largely determined by 
a traveler’s perception of distance and 
the inconvenience of other travel modes. 
Therefore other dimensions or “Ds” 
of the built environment such density, 
diversity and design (functional aspects 
of pedestrian and bicycle facilities and 
their attendant networks, in particular), 
are important components to creat-
ing inviting, safe and livable walkable 
& bikeable communities. Furthermore, 
the distances individuals are willing to 
walk vary significantly, depending on 
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 the neighborhooD DimenSionS of travel behavior Source: bruce appleyard, 2007
 

distances between homes, workplaces, 
and other activities; the quality of side-
walks, roadway crossings and other 
elements of the pedestrian environment; 
trip purposes; and personal ability and 
perceptions of safety. And finally, as 
travelers become increasingly aware of 
higher energy costs and negative envi-
ronmental impacts when choosing travel 
modes, the distances pedestrians may 
be willing to travel for work, school and 
other trips has the potential to increase. 
nevertheless, beginning with Richard K. 
Untermann’s 1984 study1, planners have 
long referred to the “rule-of-thumb” 
standard that people in the US would only 
be willing to walk a quarter to a third of a 
mile for any purpose. A more recent 2007 
study, however, by Marc Schlossberg, A. 
Weinstein and others found that people 
are willing to walk further, about a half 
mile, at least get to a transit station.2 

Finally, the it is important to recog-
nize how the interaction of Density 
plus Diversity reduce Distance. In their 
study of travel characteristics of ToD in 
California, Lund, Cervero, Willson (2004) 
found that residents living within ½ mile 
of transit stations are almost four times 
more likely to transit than those live ½ 
to three miles out. Compared with other 
areas in the region, those within a ½ mile 
are five times more likely to ride transit. 

�Density, which relates to concentra-
tion or compactness of development, 
measured by the number of oppor-

tunities (activities, jobs, places 
to live, or combinations) located 
within a given geographic space. 

Diversity or “Land Use Mix,” which 
relates to the extent and nature of the 
mix of uses, and the balance, or com-
patibility, of the uses with each other. 

Design, which refers to the way in 
which the various uses are combined, 
linked and presented on a site, and 
the results in terms of ease of access, 
use, and attractiveness. As a partial 
guide to how the eight actions or land 
use strategies listed at the outset 
may be aligned with these three 
more elemental characteristics of 
land use, the table above provides 
a cross-referencing between the 
various strategies and the aspects 
of land use they are most likely to 
influence. Fullness of the circles 
indicates strength of the connection: 

As discussed above there are at least 
four primary built environment dimen-
sions that are primarily influential at 
the neighborhood/station area level: 
Distance, Design, Diversity, Density, and 
they most strongly influence walking 
rates for transportation “utilitar-
ian” purposes (as opposed to walking 
for recreation or pure exercise). 

•	�First and foremost, distance between 
local destinations, both real and per-
ceived, has the strongest, most direct 
influence on whether one decides to 
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walk (Handy, 2005). It is important 
to note that distance is more directly 
affected by diversity (i.e., land use 
mix) than by density. Therefore, the 
influence of the other Ds on walking 
occurs primarily through their influ-
ence on Distance as follows: 

�Design (including function, form, and 
experiential quality), has an indirect 
influence on walking via its influ-
ence on a person’s perception of 
distance, whether accurate, exagger-
ated, or encouraging. For example: 

�Functional design helps a walker 

overcome distance by provid-
ing adequate, safe and direct 

paths and crosswalks. 


�Design form helps a walker overcome 
distance by raising the quality and 
attractiveness of the walking expe-
rience via attractive placemaking, 
feelings of safety, comfort, etc. While 
important, it is perhaps weaker than 
the functional aspect of design. 

Combined, function and form define 
the experiential quality of the 
walking trip (e.g., ability to over-
come real and/or perceived threats 
to safety from traffic and/or crime.) 

�Diversity has a direct relationship 
with distance, by placing important 
destinations closer together—people 
to support businesses, services, bus 
stops, parks, schools, etc.—and thus 
has an indirect influence walking. 
Diversity may also affect the expe-
riential quality of the walking trip. 

•	�Finally, although it is most often 
used to as the primary measure of 
the built environment to determine 
the walkability, transit ridership, and 
hence driving rates an area, Density 
is actually associated indirectly with 
walking via distance. Density is a 
proxy measure for proximity, and 
more powerfully so when coupled 
with Diversity AnD Distance. 

regional Scale: regional 
Accessibility (Destinations) 
and Jobs Housing balance 

As discussed above, the first four land-
use dimensions are influential primarily 
at the neighborhood level; the concept of 
destinations operates at the city, regional 
and corridor level (see ToC discussion 
below). At the regional level, destinations, 
or the accessibility of important regional 
activities (e.g., jobs to homes) is a key 
influence on lowering driving rates. In the 
terminology of land-use planners, a large 
part of what is important about destina-
tions is the balance of jobs and housing 

ewing and Cervero (2001) find that 
this dimension probably has the most 
potential for larger effects on transpor-
tation in the long run. The logic is hard 
to refute: in theory, if people lived near 
where they work, shop, learn, and recre-
ate, they would make shorter trips and 
could make fewer trips by automobile. 
Thus, a land-use strategy at the regional 
level that could have a big impact on 
surface transportation is to plan and 
provide incentives for the location, scale, 
and intensity of important land-uses. 

The land-use policy discussion most 
directly related to transportation’s con-
cerns with origins and destinations is 
the one about the balance of jobs and 
housing. Cervero and Duncan (2006) find 
the number of jobs within a four-mile 
distance to housing leads to a decrease 
in vehicle miles traveled (VMT) and 
vehicle hours traveled (VHT); ewing and 
Cervero (2001) find lower auto use. 

Parking 

Parking is directly at the intersection 
of land-use and transportation: it is a 
transportation use that is also a land 
use. In downtowns, it is a transporta-
tion use that occurs in buildings (parking 
structures). Its amount and design is 
controlled more by land-use regulations 
than by highway engineering standards. 

Parking requirements have a direct influ-
ence on urban density. As a rough rule of 
thumb, except for in dense downtowns, 
conventional parking requirements 
translate into a 1:1 ratio of parking area 
to commercial space. Those standards 
typically require three to four parking 
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general effeCtS of SamPle lanD-uSe PoliCieS on the 5DS
 

lanD-uSe tool or 
Strategy 

neighborhooD 
DenSity 

neighborhooD 
DiverSity 

neighborhooD 
DiStanCe 

neighborhooD 
DeSign 

(regional 
aCCeSSibility to) 
DeStinationS 

Euclidian zoning – – – – +a 

flexible zoning + + + + = 

Design guidelines +c = +b + = 

Density bonuses + + + + +a 

Tax incentives to attract 
growth and density + + + + +a 

Growth boundaries + = + = = 

Transferable development rights +c = +a = +a 

Parking pricing/management + = = = = 

regional land-use planning + + + + + 

Transit-oriented 
planning/incentives + + + + +a 

Note:	 A	 plus	 sign	 suggests	 the	 potential 	to 	affect 	the 	dimension 	in 	a 	beneficial	 way	 (in	 the 	context 	of 	improving 	the 	connection	 between 	land 	use 	and 	trans-
portation);	 a	 negative	 sign	 suggests	 the	 opposite;	 an	 equal	 sign	 suggests	 neutrality	 or 	uncertainty. 
a.	 Possibly 	effective	 if	 coordinated	 at	 regional	 level. 
b. 	Distance 	may 	be 	overcome	 via	 construction	 of	 inviting,	 direct	 paths. 
c.	 Design	 guidelines	 can	 make	 higher	 densities	 attractive	 and	 appealing	 to	 the	 surrounding	 communities. 

Source: Moore, 
T., Thornes, P., 
Appleyard, B. 2007. 
The Transportation/ 
Land Use Connection, 
American Planning 
Association: 
Planning Advisory 
report 546/547 

spaces for every 1,000 square feet of 
gross leasable area (three for office; four 
for retail). A typical parking stall con-
sumes about 350 square feet of space, 
including aisles, landscaping: about 
three stalls per 1,000 square feet. Thus, 
every 1,000 feet of commercial space 
requires at least 1,000 square feet of 
parking. That is about a 1-to-1 ratio, or a 
floor-to-area ratio of 0.5, depending on 
the presence and character of landscap-
ing requirements (taking up about 20% 
of the land developed for parking). 

Those parking requirements constrain 
building form and massing. Assume a one 
acre parcel (the size of a block in down-
town Portland, oregon), and a standard 
10,000-square-floor plate for a com-
mercial office building. To meet on-site 
parking requirements using surface 
parking, the building can go no higher 
than three stories. To go more than three 
stories either (1) the floorplate must be 
smaller and a larger percentage of the 
parcel must be dedicated to parking, or 

(2) multi-level structured parking must 
be built, which adds significantly to cost. 

Both means of increasing density have 
economic problems. Going to a smaller, 
nonstandard floorplate size and a high 
building will increase costs per square 
foot. Structured parking is, economically, 
even more of a problem. The average 
cost of a parking stall (not counting 
land cost) is five to eight times greater 
in a parking structure than in a surface 
parking lot. A rule of thumb calculation 
is that structured parking cannot work 
without a subsidy until the price of land 
reaches $40 to $50 per square foot. 

It may be that the market is demanding 
these spaces because they felt they were 
required for the success of their busi-
ness. That certainly used to be true (or 
believed to be true), and probably still 
is for big-box retailers in suburban loca-
tions. But increasingly developers and 
local governments are looking to alter-
natives to on-site parking requirements, 
removing minimum parking requirements, 
allowing shared and/or off-site parking 
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Joseph (2003)4 and Appleyard (1997)5 

have shown, our lack of livable streets is 
due in large part created by a systemic 
bias towards building roads for cars over 
people and residents. It was a result of the 
transportation institutions we set up and 
the values, standards rules and technol-
ogy they adopted. The lack of livable 
streets in the US is thus a result of focus-
ing too narrowly and acting too simply 
to address a single problem—efficiently 
moving the growing number of cars 
through city and neighborhood streets 
by removing all other users, and their 
potential for disrupting flow; While remov-

4	 Norton, Peter. 2007. 	fighting Traffic. MIT Press South-
worth, Michael, and Eran Ben–Joseph. 2003. Streets and 
the Shaping of Towns and Cities. Washington, D.C.: Island 
Press. 

5	 Appleyard, Bruce. 1997, 	retrofitting Auto Suburbia: A 
Community Guide. University of California at Berkeley 
Professional 	report. 

ing cyclists and pedestrians from the 
road was justified, in part, for their safety, 
the ultimate effect was to place cyclists 
and pedestrians on uneven footing with 
automobiles. Because of this our commu-
nities now need to deal with an enormous 
number of streets in need be “completed” 
and retrofitted for livability, let alone 
ensuring that all new roads “routinely 
accommodate” pedestrians and cyclists. 

The figure at left powerfully conveys the 
inverse relationship between social ties 
(shown by the lines across the streets) 
and vehicular traffic, which increases 
from top to bottom. In the top street, 
where there is light vehicular traffic, 
there are many social connections and 
an active street-life. Whereas in the 
bottom street, the reverse can be seen 
with heavy traffic and fewer social ties. 
In sum, this image show how commu-
nity ties can actually be knit together 
by a street that is livable and inviting 
or, alternatively, they can be torn apart 
when auto traffic noise, pollution and 
threats dominate the street environment. 

Completing Streets to be both Safe 
and Livable require that thought-
ful design and consideration be given 
to the following components: 

�Getting Across the Street (for 

both pedestrians and cyclists) 


�Getting Along the Street (for 

both pedestrians and cyclists)
�

�Placemaking: See Land 

Use Planning Section
�

�Traffic Calming: various measures 
to lower vehicle speeds and, if 
practicable, volumes— the essential 
principle is to design streets that are 
safer and more comfortable for non-
drivers (cyclists, pedestrians, etc.). 

The following is a more detailed dis-
cussion of specific elements of these 
components that are needed to create 
a safe, inviting and livable walking and 
bicycling experiences. While this section 
provides an overview of key issues, 
readers who would like more information 
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on the critical nuances should turn to 
some of the following practical references: 

•	�AASHTo Guide for the Design 

of Pedestrian Facilities; 


�ITe Traffic Calming Guidelines; 

�ITe Context Sensitive Solutions 

for Major Urban Arterials
�

�Direct Connections. Handy, Paterson 
and Butler (2004)6 provide rec-
ommendations for improving 
roadway and pathway connectiv-
ity, recommending that pedestrian 
(and bicycle) path connections 
from street to street should be 
every 300 to 500 feet; For motor 
vehicles, on the other hand, they 
recommend 500 to 1000 feet. 
These standards can be imple-
mented for new development 
through subdivision ordinances.7 

•	�Width. 

•	�Since walking can and should be 
viewed as a social activity, paths 
should be five to six feet wide 
(seven feet, if the walkway has 
a wall on one side), to provide 
enough room for two people to 
walk side by side and for a third 
person to pass comfortably. 

•	�The American’s with Disability 
Act (ADA) requires a minimum 
“clear zone” width of 36” with a 
60” minimum passing area every 
200 feet. So most jurisdictions 
rely on 60”, or Five foot minimum 
widths for sidewalks overall. 

•	�A cyclist in motion requires width 
to maintain balance and to weave 
to the extent necessary to move 

6	 Handy, Paterson and Butler, 2004, Best Practices in 
Street Connectivity, PAS 	report, Planners Press 

7	 The regional government of Portland 	oregon, Metro, 
requires street connectivity in its 	regional Transporta-
tion Plan and in the development codes and design 
standards of its constituent local governments as fol-
lows: local and arterial streets be spaced no more than 
530 feet apart (except where barriers exist), bicycle and 
pedestrian connections must be made (via pathways or 
on road right of ways) every 330 feet), Cul de sacs (or 
dead-end streets) are discouraged and can be no longer 
than 200 feet, and have no more than 25 dwelling units. 

forward while keeping the bicycle 
upright; “shy distance” is also 
necessary to separate the bicy-
clist from curbs, posts, and other 
potential hazards. Combining 
these allowances with the width of 
an average bicycle means that a 
bicyclist will need about a five-foot-
wide space to ride comfortably.3 

Traffic buffering. Sidewalks should 
be buffered on arterials and collec-
tor roadways so that walkers are 
protected from traffic and spared the 
discomfort of traffic noise. Buffering 
options include on-street parking; 
a five- to eight-foot-wide “furniture 
zone” for utilities, signs, benches, 
transit shelters, planters, and trees; 
and a continuous landscaped strip. 
Furthermore, they work to facilitate 
engagement and interplay between 
commercial activity in building and 
the street, such as sidewalk, café’s and 
restaurant seating, about fifteen feet 
(including space for building frontage, 
walking space and traffic buffering. 

•	�Street crossings and intersections. 
Slower vehicle speeds and shorter 
crossing distances improve safety. 
Pedestrians should be accommodated 
at all intersection legs wherever pos-
sible and transit stops located closest 
to street crossings. Along streets 
that feature on-street parking, curb 
extensions (bulb-outs) at intersections 
and midblock crossing locations slow 
traffic entering and exiting the street, 
reduce the crossing distance, and 
make it easier for pedestrians to see 
and be seen by motorists. For cyclists, 
another innovation is the “Bicycle 
Box”- at a signalized intersections 
to provide a waiting area for cyclist, 
allowing faster starts from a stand-
still, and allowing cyclists to make left 
turns and move and sort amongst 
themselves into the bike lanes. 

traffic calming and Street Design 

Intervening to change an undesirable 
street situation often requires multiple 
strategies beyond engineering. In the 
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traffic safety field, efforts to motivate 
people to adopt safer, healthier practices 
are usually referred to as the es and 
include education and encouragement, 
as well as enforcement and engineering. 
Seatbelt use is a good example that shows 
how the es work. First, seatbelts are 
installed (engineering). encouraging their 
use requires both the carrot—education 
and encouragement—as well as the stick— 
enforcement, such as making it illegal 
to not to wear a seatbelt. encouraging 
people to walk or bike will require a similar 
strategy that incorporates the additional 
es.4 This section focuses on engineer-
ing, and provides additional resources 
for implementing education, encourage-
ment, and enforcement techniques. 

Traffic calming is primarily an engineer-
ing strategy. High volumes of speeding 
traffic on neighborhood streets degrade 
their livability and community building 
capacity. High traffic speeds also make 
these streets unsafe.5 Slowing traffic 
should be the primary engineering goal. 
Hindering access is attractive to decision 
makers, because it can cost effectively 
remove traffic from the area, but may 
lead to longer vehicle trips and care 
should also be taken to accommodate 
emergency responders. For more infor-
mation see Appleyard, B. 2005. Home 
in The Zone: Creating Livable Streets in 
the US. Planning Magazine, october. 

These issues need to be balanced, 
depending on the context of the street 
network. The table at right provides some 
of the general categories and specific 
examples of traffic calming measures. 

Building on the abovementioned physi-
cal design characteristics of safe, livable 
and inviting streets for pedestrians and 
cyclists, has been a highly supportive 
movement calling to “Complete the 
Streets”, focused on helping local and 
state governments adopt policies sup-
portive of completing/retrofitting and 
routinely accommodating the above-
mentioned livable streets components. 

For more detailed information, see 
Complete the Streets Coalition website 
at www.completestreets.org/policies. 
html, who outline the following main 
principle of a Complete Streets program: 

• 	�Complete streets are designed and 
operated to enable safe access for all 
users. Pedestrians, bicyclists, motor-
ists and transit riders of all ages and 
abilities must be able to safely move 
along and across a complete street. 

•	�Creating complete streets means 

changing the policies and prac-
tices of transportation agencies. 


•	�A complete streets policy ensures 
that the entire right of way is rou-
tinely designed and operated to 
enable safe access for all users. 

•	�Transportation agencies must 
ensure that all road projects result 
in a complete street appropri-
ate to local context and needs. 

Furthermore, the Complete the 
Streets Coalition website at out-
lines the critical elements of a 
Good Complete Streets Policy: 

•	�Specifies that ‘all users’ includes 

pedestrians, bicyclists, transit 

vehicles and users, and motor-
ists, of all ages and abilities. 


•	�Aims to create a comprehensive, 

integrated, connected network. 


features of a “bicycle 
boulevard.” 
Source: Bruce Appleyard 

Source: 	oregon Bicycle 
and Pedestrian Plan: 
An Element of the 
oregon Transportation 
Plan, 2nd ed. (Salem: 
oregon Department 
of Transportation, 
1995), 77, http://www. 
oregon.gov/oDoT/ 
HWY/BIKEPED/docs/ 
or_bicycle_ped_plan.pdf 
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TRAffIC CALMING CATEGORIES AND SPECIfIC MEASURES
�

VERTICAL DEfLECTION 
VOLUME CONTROL 
MEASURES 

HORIzONTAL 
DEfLECTION 

HORIzONTAL 
NARROwING 

Speed Humps Diverstive, 	restrictive Traffic Circles Neckdowns 

Speed Tables 	raised full Closures roundabouts 
Center Island 
Narrowings 

Crosswalks 	raised Half Closures Chicanes Chokers 

Intersections Textured Diagonal Diverters realigned Intersections 

Textured Pavements Median Barriers 

Source: “Traffic Calming Measures.” www.trafficcalming.org/measures2.html, accessed on June 18, 2006 
for more information, see www.ite.org/traffic 

beloW are Certain traffiC Calming meaSureS that alSo aCCommoDate biCyCliStS 

Measures for Diverting Traffic While 
Accommodating Bicyclists (and Pedestrians) 
Source: Wisconsin DoT at www.dot.wisconsin. 
gov/projects/state/docs/bike-facility.pdf 

Measures for Calming Traffic while 
facilitating bicycle travel 

www.ite.org/traffic
www.trafficcalming.org/measures2.html
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1	 richard K. Untermann, Accommodating 
the Pedestrian: Adapting Towns and 
Neighborhoods for Walking and Bicycling 
(New York: Van Nostrand 	reinhold, 1984). 

2	 Marc Schlossberg, A. Weinstein Argrawal, 
et al. “How 	far, by Which 	route, and Why? A 
Spatial Analysis of Pedestrian Preference” 

	 	 	 	 	
	 	 	 	

	 	 	 	

	 	 	 	 	 	 	 	
	 	 	 	 	 	

	 	 	 	 	 	 	
	 	 	 	 	 	 	

	 	 	 	 	 	 	 	
	 	 	 	 	 	 	

	 	 	 	 	 	

	 	 	 	 	 	 	
	 	 	 	

3	 

4	 

(paper given at the Transportation 
research Board Annual Conference, 
Washington, D.C., January 21–25, 2007). 

The space occupied by a bicycle and 
its rider is relatively modest. Generally, 
bicycles are between 24 and 30 inches 
wide from one end of the handlebars 
to the other. An adult tricycle or a 
bicycle trailer, on the other hand, is 
approximately 32 to 40 inches wide. 

Appleyard, B. 2003. Planning Safe 	routes to 
School Planning Magazine. VoLUME: PAGE. 

	 	

	 	 	 	 	 	

	 	 	 	 	 	 	
	 	 	 	 	

	 	 	 	 	 	 	 	 	
	 	 	 	 	 	
	 	 	

	 	 	 	 	 	
	 	 	 	 	

	 	 	 	 	
	 	 	
	 	 	 	 	

	 	

	 	 	 	 	 	 	
	

	 	 	 	 	 	 	
	 	 	 	 	

	 	 	 	 	 	
	 	 	 	 	

	 	 	

	 	 	 	 	 	 	 	
	 	 	 	
	 	 	

	 	

5	 

6	 

Appleyard, D. 1981. 

for more information on Traffic Calming: 

Ewing, 	reid. 1999. Traffic Calming: State 
of the Practice. ITE/fHWA. August. www. 
ite.org/traffic/tcstate.htm#tcsop 

Appleyard, B. 2006. Home in the Zone: 
Creating Livable Streets in the US. 
Planning, American Planning Association. 

Appleyard, D.,1981. Livable Streets. 
University of California Press, Berkeley, CA 

federal Highway Administration. 
1994. Pedestrian 	facilities Users 
Guide: Providing Safety and Mobility, 
fHWA-rD-01-02. Washington D.C. 

IHIE Home Zone Design Guidelines. 
2002. www.homezones.org. 
uk.public/guidance/index.cfm 

Ben-Joseph, E. 1995. Changing the 
residential Street Scene: Adapting the 
Shared Street Concept to the Suburban 
Environment. Journal of the American 
Planning Association 61:4: 504-515. 

Burden, D. and Zykofsky, P. Emergency 
response, Traffic Calming and 
Traditional Neighborhood Streets. 
Local Government Commission. 

• Recognizes the need for flexibility: 
that all streets are different and 
user needs will be balanced. 

•

•

•

•

•

•

 Is adoptable by all agen-
cies to cover all roads. 

 Applies to both new and retro-
fit projects, including design, 
planning, maintenance, and opera-
tions, for the entire right of way. 

 Makes any exceptions specific and 
sets a clear procedure that requires 
high-level approval of exceptions. 

 Directs the use of the latest 
and best design standards. 

 Directs that complete streets solutions 
fit in with context of the community. 

 establishes performance stan-
dards with measurable outcomes. 

And finally, the Complete the Streets 
Coalition website states that an effec-
tive complete streets policy should 
prompt transportation agencies to: 

• Restructure their proce-
dures to accommodate all 
users on every project. 

• Re-write their design manuals to 
encompass the safety of all users. 

• Re-train planners and engineers in 
balancing the needs of diverse users. 

• Create new data collection pro-
cedures to track how well the 
streets are serving all users. 

An example of a local “Complete the 
Streets” ordinance is Seattle’s, found at: 
http://clerk.ci.seattle.wa.us/~scripts/nph-
brs.exe?d=CBoR&s1=115861.cbn. 
&Sect6=HIToFF&l=20&p=1&u=/ 
~public/cbor2.htm&r=1&f=G 

ENDNoTES 

http:www.homezones.org

