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Analytic Framework Outline 
 
 Case Study: Traffic Calming and Bicycle Boulevards   
 Location: Portland, Los Gatos, Berkeley and Beyond  
 Primary Organization: Local Government  

Key Constituents: Businesses along streets, community members, motorists, bicyclists  
Description: Analysis of innovative traffic calming devices, in particular, ones that are 
and may be used to devise bicycle boulevards. Bicycle boulevards are low and slow 
traffic streets with traffic calming devices such as speed bumps, curb extensions and 
roundabouts to deter and slow traffic. There are also many indications of the bicycle 
boulevard such as signs and stencils of bicycles on the road. These create “bicycle 
expressways” throughout cities and towns to make it safer, more pleasant and more 
convenient for bicyclists. 

 

Planning 
Strategic Considerations 

 
Goals – Improve safety and liveability of streets for bicyclists and pedestrians, and to 
encourage less polluting modes of transportation. 
  
Triggers – Beneficial for businesses along streets; the more pedestrians and bicyclists, 
the more shoppers. Health care industry; having safe streets to bike and walk provide 
more places where people can exercise and ward off obesity and improve health. Slower 
cars along streets amount to neighbors knowing each other more than on streets with fast 
cars. There is less noise and exhaust. These benefits could be levers for community to 
push for traffic calming. 
    
Feasibility – Best implemented on roads with less traffic so as to avoid rerouting of 
traffic onto neighboring streets. Leverage money for healthy communities from health 
care, and safe routes to school to build traffic calming devices. The benefit of “more bang 
for the buck” meaning, these are small-scale improvements which generate a greatly 
improved bicycle network. 
 
Policy opportunities  

 
• Community partners such as schools, community centers, health centers—partners 

who will/may also be looking for safe and environmentally friendly/healthy routes for 
their clients/customers. 

• Incorporate bike boulevard projects with other city projects (water, sewer, storm water 
management, public works) so that costs can be shared. 

• Oregon’s Transportation Planning Rule encourages and requires multi-modal 
transportation. 
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• Place bike boulevards so they are integrated with access to services and other modes 
of transportation. Locate supportive businesses along the routes such as bike 
organizations and bike shops. 

 
Barriers 

 
Suburbs are car-dependent and cars dominate 
 
Planning strategies 
 
• Create strong ties to pedestrian groups  
• Frame enhancement of bicycle routes/safety as an equity issue, providing for those 

who cannot afford to drive. 
• Education and transparency—make it clear what is expected of drivers when they 

enter bike boulevards. 
  

Implementation 
 

Environment  
 
Does traffic calming decrease accidents, reduce pollution (sound and emissions), increase 
quality of life, increase bike/pedestrian modes and increase safety? 
 
Equity  
 
• Is traffic calming installed equitably in low as well as higher income neighborhoods?   
• Does traffic calming provide safer streets for those who cannot afford to use a car, and 

must walk and bicycle more often? 
  
Economy  
 
• To what extent does traffic calming pay for itself, less pollution, less accidents, less 

use of the automobile? 
• Do bicycle boulevards benefit more people at a lower construction cost? 
• How is traffic calming funded and what are its costs? 
• Is there the opportunity to cost-share with other organizations and departments? 
 
Scale 
 
• How does installing traffic calming in one area affect surrounding areas? 
• At what levels is traffic calming decided upon, community, government? At what 

scale is traffic calming most successfully implemented? 
• How do traffic calming designs relate to one another? 
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Framing 
 
• What studies or criteria affect where and what type of traffic calming is installed?  
• What studies are done to document the effects of traffic calming? 
• What motivates cities to implement traffic calming? 
 
Implementation Questions 
 
• How can we best educate bicyclists of what bike boulevards are and where they are? 
• How can we best educate motorists what bike boulevards are, where they are and how 

to maneuver on bike boulevards? 
• At what scales can bike boulevards be implemented? Neighborhood, city, county? 
• What is the best way to physically show that bicycles have priority? 
• Is it possible to install signs on bike boulevards “no motor traffic between (rush hours 

8-9am, 4-6pm)? 
 

Assessment 
Indicators – Decreased traffic accidents with bicyclists and pedestrians. Increased 
bicycle and pedestrian traffic. Healthier population. Slower motorist. Increased social 
capital. Reduced air pollution and noise creating a healthier and more pleasant 
environment for bicyclists/pedestrians.  
  
Feedback – How have the indicators been measured and studied? Can these methods be 
improved? What are the findings? How can traffic calming be improved? What are the 
new and innovative ideas?  
  
Mechanisms – Site studies of transportation mode counts. In the field research on 
emissions and noise pollution. Surveys of bicycle/pedestrian population on their reactions 
to traffic calmed streets. 

 
Cost/Benefit Questions 
 
• What are the exchange costs, how much do the benefits outweigh the costs? 
• Does traffic calming decrease accidents, reduce pollution (sound and emissions), 

increase quality of life, increase bike/pedestrian modes and increase safety? 
• To what extent does traffic calming pay for itself, less pollution, less accidents, less 

use of the automobile? 
• Do bicycle boulevards benefit more people at a lower construction cost? 
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Bicycle Boulevard Descriptions 

Descriptions of Bike Boulevards 
Wikipedia 
http://www.answers.com/topic/bicycle-boulevard 
 
A bicycle boulevard (also known as a bicycle detour or a bicycle priority street) is a 
roadway that has been designed or modified to slow cars and prevent or at least 
discourage its usage for through travel by automobiles (but usually permitting property 
access by same) while still allowing through travel by cyclists.  
 
• Low traffic volumes (or bike lanes where traffic volumes are medium); 
• Discouragement of non-local motor vehicle traffic; 
• Free-flow travel for bikes by assigning the right-of-way to the bicycle boulevard at 

intersections wherever possible; 
• Traffic control to help bicycles cross major arterial roads; and 
• A distinctive look and/or ambience such that cyclists become aware of the existence of 

the bike boulevard and motorists are alerted that the roadway is a priority route for 
bicyclists. 

Portland, OR; Bicycle Master Plan 
City of Portland Office of Transportation 
http://www.portlandonline.com/shared/cfm/image.cfm?id=40414 
 
A bicycle boulevard on a local service street can provide a good alternative to a  
bicycle lane or wide outside lane on a higher volume/higher speed street. It can  
be an excellent attractor for new and inexperienced cyclists and provide a pleasant ride to 
reach many destinations. Elements of a bicycle boulevard include the following:  
 
• Selecting a street that provides a direct and continuous connection for bicyclists, as 

opposed to a route that requires bicyclists to wind through neighborhoods. Bicycle 
boulevards work best on a street grid system.  

• Turning stop signs towards intersecting traffic, so bicyclists can ride without 
interruption.  

• Placing motor vehicle traffic diverters at key intersections to stabilize motor vehicle  
volumes. The diverters must be designed to allow through bicycle movement. A full 
diverter must include a cut-through wide enough to accommodate a bicycle with a 
trailer (4 feet wide).  

• Alternatively, placing traffic calming devices on the street to stabilize motor vehicle 
traffic speeds. These include traffic circles, speed bumps (14 foot or 22 foot), curb 
extensions, slow points, chicanes, etc. In some situations, both traffic diverters and 
traffic calming devices will be needed.  

• Providing protection where the boulevard crosses higher volume arterial streets.  
 
This can be accomplished in two ways:  
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1. With a signal where a traffic study has shown that a signal in between arterials will be 

safe and effective. To ensure that bicyclists will be able to activate the signal, the 
preferred treatment is a signal loop in the pavement marked with a stencil to show the 
bicyclists where to stand to trip the loop. Alternatively, a push button that will not require 
dismounting may be provided, in addition to push button activation for pedestrians.  

2. With a median refuge. A median refuge should be wide enough so it allows a bicyclist 
with a trailer to be protected from the travel lanes (minimum 8 feet,10 feet preferred.) 
The design should allow bicyclists to see the travel lanes they must cross. Placing 
directional signs to route cyclists to key destinations, to guide cyclists through difficult 
situations, and to alert motorists of the presence of bicyclists.  
 
Lane Widths Cross Sections 
 
Bicycle Lanes 
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Shared Automobile / Bicycle Lane 

 
 
 
 
 
Bicycle Boulevard Markings in Berkeley, CA 
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Creating Bicycle Priority Streets Through Traffic Calming 
San Francisco Bicycle Advisory Committee 
Bicycle Plan - Part 6 
http://www.sfgov.org/site/bac_page.asp?id=11544#P45_4180 
 
Bicycle Boulevards can be created on residential streets on which traditional bicycle 
facilities, such as bike paths and bike lanes are unsuitable. Bicycle Boulevards confer 
traffic calming benefits on residents and pedestrians as well as on bicyclists who do not 
necessarily live in the neighborhood. Many bicyclists now use such residential streets. 
However, their utility is significantly decreased by STOP signs at nearly every 
intersection. The boulevard does not have to be a single straight route; it might also be a 
circuitous (but flat) corridor. In addition, bicycle boulevards are relatively inexpensive to 
implement. 
 
Bicycle priority streets provide bicyclists simultaneously with three advantages that do 
not exist in the current street network: 
 
1. A low traffic volume alternative where bicycles and motor vehicles can share the 

roadway without conflicts; and 
2. Significantly reduced travel time since bicyclists on the route are granted the right-of-

way at as many intersections as possible. The SFBC has suggested a goal for Bicycle 
Priority Streets of three out of four consecutive intersections where bicyclists on the 
route are granted the right-of-way without having to stop for cross traffic. This would 
be possible by converting four-way STOP signs to two-way stops or switching two-
way STOP signs to stop the cross street rather than the designated bicycle priority 
street. A traffic engineering study must be undertaken at each subject intersection to 
confirm that safety is not compromised. 

3. A route where two or more bicyclists can safely ride side-by-side. This increases the 
attractiveness of bicycling to families as well as other cyclists who enjoy conversing 
during their transport just as motorists and pedestrians do. 

 
Traffic calming strategies are needed to prevent the diversion of motor vehicle traffic to 
the newly prioritized bicycle street. Although the original concept in Palo Alto employed 
two motor vehicle barriers, the extension showed that forced turn channelization and 
traffic circles can also work to discourage through auto traffic. Portland has established a 
bicycle boulevard on Lincoln Street, an important link between Mt. Tabor Park and 
residential neighborhoods, using traffic circles and barriers. In fact, as this chapter will 
discuss, a whole arsenal of bicycle-compatible traffic calming measures is available for 
use on bicycle boulevards. These measures vary considerably in the level of traffic 
restriction. The selection of specific measures can be tailored to provide exactly the 
degree of through traffic control needed at the location where each is placed while 
minimizing interference with important turning movements. 
 
Two conceptual designs are depicted in Figure 6-1, but virtually dozens of design 
concepts are possible by mixing and matching the above strategies. Figure 6-2 depicts a 
more aggressive re-design of a residential street whose existing cross-section is a 
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minimum of 42 feet curb-to-curb (see link). The strategies used will depend on whether 
the goal is to prohibit through non-neighborhood traffic altogether, or merely slow all 
traffic to bicycle speeds, or slow all traffic to posted speed limits. In other words, traffic 
calming can create bicycle priority streets which can, in turn, be implemented by either 
(1) accepting ambient traffic speeds on residential street but ensuring that traffic volumes 
remain low enough that bikes and cars can share the road, or (2) re-designing a street for 
a maximum speed of (for example) 15 mph for both bikes and cars. 
 
Traffic calming techniques can also be used to slow traffic to posted speed limits on 
virtually all San Francisco streets with speed limits of 35 mph or less. In addition, it is 
recommended that the speed limits of all streets posted greater than 35 mph be reviewed 
to determine if such speeds are appropriate for the existing conditions, including curb 
lane width and ability of motor vehicles to safely share the roadway with bicycles. 
Like most traffic calming measures, bicycle boulevards may meet opposition from some 
citizens whose circulation patterns are upset or who resist change of any sort. In addition, 
the boulevard is seldom as direct or as efficient as an arterial, if one is nearby, and is 
engineered for lower speeds. Experienced bicyclists who prefer arterials should not be 
expected to use the bicycle boulevard instead, and improvements to the arterial should 
not be neglected merely because the bicycle boulevard is present. However, even 
experienced cyclists may prefer a less stressful commute at times. 

 
Criteria for Bicycle Priority Streets 
 
Since a bicycle priority street eliminates most STOP signs for through traffic, measures 
are usually needed to prevent it from attracting motor vehicles as well as bicycles. 
Measures may also be needed to prioritize the preferred bicycle movements such as left-
turn/right-turn movement along the wiggle. As a rule, the primary goal of traffic calming 
measures on a bicycle priority street is either access control or speed control. Access 
control, such as cul-de-saccing a street mid-block, half barriers at intersections or other 
measures to reduce the amount of non-neighborhood traffic, need be implemented at only 
a few points, spaced as widely as half a mile apart. Speed control measures are usually 
effective only in their immediate vicinity. 
 
Streets that are candidates for conversion to bicycle priority streets should meet the 
following criteria: 
 
• The concept has the support of residents. The implementation process for traffic 

calming measures should have extensive public involvement as discussed in the 
Implementation section at the end of this chapter. 

• The route should appeal to casual bicyclists by being on streets with low traffic 
volumes. 

• The route should appeal to experienced bicyclists by being as direct and fast as 
possible by giving priority to bicycle travel over motor vehicles. 

• The route should not be a street classified as a major thoroughfare or a transit 
preferential street. In cases where this situation cannot be avoided, provisions will be 
made to accommodate bicycles without interfering with the operation of the other 
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primary transportation mode. 
• The route should reduce delays to the bicyclist by assigning the right-of-way to travel 

on the route. 
• On low volume streets (less than about 2000 vpd), motor vehicle access should be 

restricted only enough so that autos are not diverted from other thoroughfares to the 
bike route. On higher volume streets, the degree of restriction will depend on the 
character and ability of adjacent streets to accommodate traffic diversion. 

• Intersections with major streets are or could be controlled by traffic signals. 
• The bicycle boulevard should not be a major commercial destination. 
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Bicycle Boulevard Examples 
 

Case Studies 
 

Palo Alto 
UC Berkeley Institute of Transportation Studies 
http://www.techtransfer.berkeley.edu/newsletter/99-4/bicycles.php 
 
The Original Bicycle Boulevard 
The first bicycle priority street was created in Palo Alto in 1982 along a two-mile section 
of Bryant Street, a local residential street that is about 36 feet wide. Most of the STOP 
signs on Bryant Street were removed, and two-way stops were placed on cross streets 
instead. Bryant Street's intersections with collectors were made four-way stops. Bryant 
Street intersects one arterial, Oregon Expressway, at an intersection that was already 
signalized. 
These changes created a through route that would have been very attractive to 
automobiles as well as bicycles, except that it was already interrupted at one point by a 
natural road closure, a creek that was crossed only by a narrow footbridge usable by 
bicycles. Two road closures were added at other points along Bryant Street to discourage 
traffic on the rest of the route. The closures consisted of horizontal wooden power poles 
placed on the pavement; bicyclists could pass through a gap between the poles and 
emergency vehicles could clear a concrete block dividing the gap. In all other respects the 
boulevard functioned as a normal city street, with full access to all residences and on-
street parking.  
The evaluation of the initial six-month 
demonstration study reported that bicycle 
traffic on Bryant Street increased dramatically. 
High school students constituted a significant 
portion of the flow. Motor vehicle volumes 
within the corridor remained fairly constant, 
indicating that traffic was not diverted to other 
local streets. Anticipated problems with 
accidents, access to residences, abusive 
behavior by bicyclists, and increased moped 
and motorcycle traffic failed to materialize. 
The report concluded that "This test of the 
bicycle boulevard concept has shown that a 
predominantly stop-free bikeway corridor on a 
less traveled, local residential street can be an 
attractive and effective route for bicyclists." 
In 1986 the footbridge was replaced by a 
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separate, wider bicycle bridge and an improved pedestrian bridge. In 1990, the original 
wooden barriers were replaced by permanent raised and landscaped concrete islands. The 
boulevard was extended by two miles in 1992. Where Bryant Street crosses a major 
arterial, Embarcadero Road, a new traffic signal was installed. Channelization forces 
automobile traffic on Bryant Street to turn right at this signal, but allows through 
bicyclists. The signal is actuated by bicycle traffic through pavement detectors and by 
pedestrian pushbuttons. (This signal was by far the most controversial element of the 
extension.) 
Beyond the signal, an existing drainage dip serves as sort of an inverted speed hump to 
slow traffic. Several blocks farther on, a barrier was originally installed, but as a result of 
neighborhood resistance it has been replaced by a traffic circle. Where Bryant Street 
continues through downtown Palo Alto it receives no special treatment, except for signs 
identifying it to bicyclists and motorists as a bicycle boulevard. At the Menlo Park border 
another creek serves as a deterrent to through traffic; a bicycle bridge crossing this creek 
is one block away. 

Santa Monica  
Cycle Santa Monica 
http://www.geocities.com/cyclesantamonica/arizona.html 
 
In a Memo to the Santa Monica Planning Commission it recommended to make Arizona 
a Bicycle Blvd.  (Click Here to Read Full Memo: ). 
A Bicycle Blvd was recommended to the Planning Commission in a memo dated May 
18, 1994   (Click Here to Read Full Memo:).   
• Bicycle Boulevards are recommended on certain, primarily residential streets in which 

barriers are placed approximately every six blocks to discourage automobile through 
traffic. Through automobile traffic is diverted to parallel streets, leaving only local 
traffic and bicycles. 

• Removal of unwarranted STOP signs, stopping side street traffic and some traffic 
calming. But in most cases, the routing builds upon the location of existing traffic 
calming and traffic control devices. In some instances in the past, all-way STOP 
controls have been used to address community concerns regarding motorists driving 
above the posted speed limit. STOP signs add significantly to the travel time of 
bicyclists, and have been demonstrated to be ineffective in slowing traffic speed 
between stops. This strategy should not be used on designated bike routes in general 
and on bicycle boulevards in particular. 

• The following criteria were used to the select the roadways that make up the proposed 
new bicycle boulevards:     
    -Local street, and not a transit or truck route.     
    -Spaced between ¾ and 1½ miles from another Bicycle      
    -Boulevard, approximately the Reasonably continuous; (i.e., it extends over    
      half of the cross-section of the City.)  
    -Few jogs with main segments at least 0.5 mile long.          
    -Traffic signals exist at major intersections or new traffic signals are feasible. 
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Designs 
 
Bicycle Priority Street Sign in Vancouver, B.C. 
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Bicycle Boulevard Treatments 
Berkeley Office of Transportation 
http://www.ci.berkeley.ca.us/transportation/Bicycling/BB/BicycleBoulevardTreatments.h
tml 
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Landscaped diverters on Bicycle Boulevards are engineered to allow safe, 
convenient passage for bicyclists. 
 

 
Traffic circles benefit bicyclists by slowing motor vehicles through intersections. 
 

 
This pavement marking designates the location of a loop detector under the pavement. 
Bicyclists positioned on these detectors will trigger the traffic signal. 
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San Francisco’s Shared Lane Pavement Markings: Improving Bicycle Safety  
San Francisco Department of Parking and Traffic 
http://www.bicycle.sfgov.org/site/uploadedfiles/dpt/bike/Bike_Plan/Shared%20Lane%20
Marking%20Full%20Report-052404.pdf 
 
This research has proven that shared lane pavement markings in San Francisco have a 
positive impact on motorist and cyclist behavior, positions, and safety. These results are 
complementary to a 1999 Florida study (Florida Department of Transportation, 
Evaluation of the Shared-Use Arrow). While both studies found that such markings 
significantly reduce wrong-way and sidewalk riding, the Florida study found a much 
smaller impact on cyclists' positions. In contrast to San Francisco, the Florida study 
measured rider positions on roadways with no on-street parking, and on streets where 
cyclists were less likely to "take the lane".   
  
The bike-and-chevron marking had a stronger impact on motorist positioning and in 
reducing wrong-way riding and is preferred by cyclists surveyed. Based on these 
findings, the project team recommends the bike-and-chevron marking be used as a 
standard marking for shared-use lanes on appropriate streets in San Francisco. Based on 
comments received, the pitch of the chevron should be increased by approximately 6 
inches (see Figure 11.) The project team also recommends that the California Traffic 
Control Devices Committee adopt this marking as an optional marking for Class III 
bikeways throughout California.   
  
It should be noted, however, that this study did not analyze shared lane markings as a 
direct substitute for bicycle lanes, and therefore does not recommend that shared lane 
markings be used as a substitute for bicycle lanes where they are a feasible option.   
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Benefits of Bicycle Boulevards 
 

Shared Roadways 
FHWA Course on Bicycle and Pedestrian Transportation 
US Dept. of Transportation, Federal Highway Administration 
http://safety.fhwa.dot.gov/ped_bike/univcourse/swless18.htm 
 
Traffic controls limit conflicts between motorists and bicyclists, and give priority to 
through-bicycle movement. 

Advantages of Bicycle Boulevards 

• Opportunity - Traditional street grids offer many miles of local streets that can be 
converted to bicycle boulevards. 

• Low cost - Major costs are for traffic control and traffic-calming devices. 
• Traffic-calming techniques are increasingly favored by residents who want slower 

traffic on neighborhood streets. 
• Bicycle travel on local streets is usually compatible with local land uses. 
• Bicycle boulevards may attract new or inexperienced cyclists who do not feel 

comfortable on arterials and prefer to ride on lower traffic volume streets. 
• Bicycle boulevards can improve conditions for pedestrians, with reduced traffic and 

improved crossings. 
 

Bicycle Boulevards in Berkeley 
Berkeley Office of Transportation 
http://www.ci.berkeley.ca.us/transportation/Bicycling/BB/BicycleBoulevard.html 
 
CHAPTER 5  
 http://www.ci.berkeley.ca.us/transportation/Bicycling/BB/Guidelines/chap5.htm’ 
 
REVIEW OF IMPACTS OF TRAFFIC CALMING DEVICES 
Impacts on speed 
Table 5-1 shows the average speed changes associated with some of the measures that are 
included in the bicycle boulevard toolbox.   

Table 5-1  
85TH-PERCENTILE SPEED:  

IMPACTS DOWNSTREAM OF TRAFFIC CALMING MEASURES  
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Measure  
   

Sample Size  
Average Speed (mph)  

Average Change (mph)  
Percentage Change (%)  

Traffic circles  45  30.3  -3.9  -11  

Narrowings  7  32.3  -2.6  -4  

Impacts on Volume 
Bicycle boulevards are generally associated with linear rather than area-wide traffic 
calming, so care must be taken not to divert excessive traffic to nearby streets.  Diversion 
can be minimized by the proper choice of traffic calming measures, and by choosing 
bicycle boulevard streets near arterials that can serve vehicular traffic, as was done in 
Berkeley. 
   
Table 5-2 shows the average volume changes associated with selected traffic calming 
measures. These should be interpreted with the same caution as the speed data.    
 

Table 5-2  
MOTOR VEHICLE TRAFFIC VOLUME:  

IMPACTS OF TRAFFIC CALMING MEASURES  

   
Measure  

   
Sample 

Size  

Average Change in 
Volume (Vehicles/Day)  

Average Change in 
Volume (%) 

Traffic circles  49  -293  -5  

Narrowings  11  -263  -10  

 
Street closures and diverters are the most effective methods of reducing volumes, but are 
not included in the toolbox.  These restrictive devices can reduce traffic volumes by 35 to 
45%.  Street narrowings appear to have some effect in diverting traffic, while traffic 
circles reduce speed, but have minimal diverting effect. 
Palo Alto found that traffic volume on its original bicycle boulevard remained fairly 
constant, except in the vicinity of two barriers, where it declined from 953 to 457 and 
from 481 to 170 vehicles per day.  The traffic that formerly used this section was 
distributed among several nearby parallel streets each of which recorded increases of up 
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to approximately 100 vehicles per day.   
Berkeley reported decreases in vehicle volume from 540 to 441 and from 500 to 399 in 
two blocks of Milvia after traffic calming.   
 
Impacts on Collision Rates   
 

Table 5-3  
AVERAGE ANNUAL COLLISION FREQUENCY:  
IMPACTS OF TRAFFIC CALMING MEASURES  

   
Measure  

   
Sample Size  

Before 
Calming*  

After 
Calming*  

Percentage 
Change  

Traffic circles (without 
Seattle)  

17  5.89  4.24  -28  

Traffic circles (with 
Seattle)  

130  2.19  0.64  -71  

*  Average number of collisions per year.  

   
Ewing reports that excluding the Seattle circles, collisions decreased after traffic calming 
devices were installed by about 25 percent.  However, when the data is adjusted to 
account for the reduction in traffic volume along the streets, collisions declined only 4 
percent.  This indicates that the reduction in the number of vehicles on a street is what is 
primarily responsible for reducing collisions.  Ewing also states that, “As for individual 
traffic calming measures, all reduce the average number of collisions on treated streets, 
but only 22-foot (speed) tables and traffic circles produce differences that are statistically 
significant.  Including Seattle data, circles are by far the best performers.” 
 
 
Why Bicyclists Hate Stop Signs 
University of California Transportation Center 
Access Magazine, Spring 2001 
http://www.uctc.net/access/access18lighter.pdf 
 
On a street with a stop sign every 300 feet, calculations predict that the average speed of 
a 150-pound rider putting out 100 watts of power will diminish by about forty percent. If 
the bicyclist wants to maintain her average speed of 12.5 mph while still coming to a 
complete stop at each sign, she has to increase her output power to almost 500 watts. This 
is well beyond the ability of all but the most fit cyclists. 
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We decided to test these calculations on an officially designated bike route in Berkeley, 
California Street. The street is about 2.25 miles long and nearly flat (average grade 0.5 
percent). Traffic is very light, which is nice for cyclists. But California Street has 21 
stop signs and a traffic light. More than two-thirds of the route ’s 31 intersections require 
a stop—that’s one every 530 feet. A parallel route, Sacramento Street, runs one block 
west of California Street. Sacramento has four lanes of traffic and can be very busy, 
especially during rush hours. With cars parked along both sides of the street, Sacramento 
has little room for cyclists. But it has only eight traffic lights along the section parallel to 
California’s bike route, and no stop signs. Since, on average, only half the lights will be 
red, there ’s only one stop every 2,800 feet. 
 
One of us (Joel Fajans) found that keeping exertion constant, he could ride on 
Sacramento at an average speed of 14.2 miles per hour without straining. At the same 
level of exertion, his speed fell to 10.9 mph on California if he stopped completely at 
every sign. Thus Sacramento was about 30 percent faster than California. By increasing 
his exertion to a fairly high level, his average speeds increased to 19 mph on Sacramento 
and 13.7 mph on California, so Sacramento was then 39 percent faster. While a drop of a 
few miles per hour may not seem like much to a car driver, think of it this 
way: the equivalent in a car would be a drop from 60 to 45 mph. Because the extra effort 
required on California is so frustrating, both physically and psychologically, many 
cyclists prefer Sacramento to California, despite safety concerns. They ride California, 
the official bike route, only when traffic on Sacramento gets too scary. 
 
These problems are compounded at uphill intersections. Even grades too small to be 
noticed by car drivers and pedestrians slow cyclists substantially. For example, a rise of 
just three feet in a hundred will cut the speed of a 150-pound, 100-watt cyclist in half. 
The extra force re q u i red to attain a stable speed quickly on a grade after stopping at a 
stop sign is particularly grating. 
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Equity 
 
Bicycle Boulevards address equity issues, one of the “three “E’s” of sustainable goals, 
the other two being environment and economy. The following graphs indicate that those 
who bicycle and walk to work make less money than those who take other modes of 
transportation. Providing safer and more convenient bicycle routes brings us closer to the 
goal of achieving a sustainable society.  
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Figure 11. Salary and Mode to Work
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This graph shows that there is a strong relationship between income and mode.1 Those 
making $20,000 and under bicycled most often to work (10%). The number of cyclists 
decreases sharply among those who make $20-29,000 to 2% and $30-39,000 to 4%. This 
may be due to the desire to own a car once a threshold of income to buy a car is reached. 
Then, the amount of bicyclists increases to 9% among those who make $40-49,000 per 
year. This may be because of the car loosing its original appeal, or an increase in 
education. Also, the majority of those who drive make $80,000 or more per year, while 
those who make $20-29,000 take transit more often than any other salary range group. 
 

                                                
1 Sterbentz, Janel, “2004 Portland State University Employee Transportation Survey Summary” PSU 
Transportation and Parking Services, 2005. 
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Salary and Mode to Work
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This graph shows salary and mode, obtained from a study of non-motorized commuters 
using a large data set collected by the US Census Bureau and the Department of Housing 
and Urban Development. 2 “Individual and family income tends to be lower for the 
walkers and bicyclists than for car commuters and workers at home. Higher salary is 
associated with a lower probability of non-motorized commuting or of working at home, 
other things equal.”  
 
As shown in the graph, car commuters make $21,509 more family income per year than 
bicycle commuters, and $5,610 more individually. “Car ownership is strongly associated 
with reduced likelihood of choosing non-motorized modes. Walkers and bicyclists tend to 
live in higher proportions in the central cities of the metropolitan areas, close to 
commercial properties and apartment buildings.” 

                                                
2 Plaut, P.O., “Non-motorized Commuting in the US” Transportation Research Part D: Transport and 
Environment, Volume 10, Issue 5, 1 September 2005, Pages 347-356 
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Traffic Calming and Green Street Examples 
 

Traffic Calming Examples 
 

Traditional Traffic Calming Measures, Costs, Descriptions, and Considerations 
http://www.walkinginfo.org 
 
 

Curb extensions cost from $2,000 to $20,000 per     
corner, depending on design and site conditions. Drainage is 
usually the most significant determinant of cost. If the curb 
extension area is large and special pavement and street 
furnishings and planting are included, costs would also be higher. 
Costs can go up significantly if something major, such as a utility 
pole or controller box, is moved. 
 
Curb extensions—also known as bulb-outs or neckdowns—
extend the sidewalk or curb line out into the parking lane, which 
reduces the effective street width. Curb extensions significantly 

improve pedestrian crossings by reducing the pedestrian crossing distance, visually and 
physically narrowing the roadway, improving the ability of pedestrians and motorists to 
see each other, and reducing the time that pedestrians are in the street. 

Curb extensions placed at an intersection essentially prevent motorists from parking in or 
too close to a crosswalk or from blocking a curb ramp or crosswalk. Motor vehicles 
parked too close to corners present a threat to pedestrian safety, since they block 
sightlines, obscure visibility of pedestrians and other vehicles, and make turning 
particularly difficult for emergency vehicles and trucks. Motorists are encouraged to 
travel more slowly at intersections or midblock locations with curb extensions, as the 
restricted street width sends a visual cue to motorists. Turning speeds at intersections can 
be reduced with curb extensions (curb radii should be as tight as is practicable). Curb 
extensions also provide additional space for curb ramps and for level sidewalks where 
existing space is limited. 

Curb extensions are only appropriate where there is an on-street parking lane. Curb 
extensions must not extend into travel lanes, bicycle lanes, or shoulders (curb extensions 
should not extend more than 1.8 m (6 ft) from the curb). The turning needs of larger 
vehicles, such as school buses, need to be considered in curb extension design. 

Purpose 

• Improve safety for pedestrians and motorists at intersections.  
• Increase visibility and reduce speed of turning vehicles. 
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• Encourage pedestrians to cross at designated locations. 
• Prevent motor vehicles from parking at corners. 
• Shorten crossing distance and reduce pedestrian exposure. 

Considerations 
 
• Curb extensions can provide adequate space on narrow sidewalks for curb ramps and 
landings. 
• Curb extensions should only be used where there is a parking lane, and where transit 
and bicyclists would be traveling outside the curb edge for the length of the street.  
• Midblock extensions provide an opportunity to enhance midblock crossings. Care 
should be taken to ensure that street furniture and landscaping do not block motorists’ 
views of pedestrians. 
• Where intersections are used by significant numbers of trucks or buses, the curb 
extensions need to be designed to accommodate them. However, it is important to take 
into consideration that those vehicles should not be going at high speeds, and most can 
make a tight turn at slow speeds. 
• It is not necessary for a roadway to be designed so that a vehicle can turn from a curb 
lane to a curb lane. Vehicles can often encroach into adjacent lanes safely where volumes 
are low and/or speeds are slow. Speeds should be slower in a pedestrian environment.  
• Emergency access is often improved through the use of curb extensions if intersections 
are kept clear of parked cars. Fire engines and other emergency vehicles can climb a curb 
where they would not be able to move a parked car. At midblock locations, curb 
extensions can keep fire hydrants clear of parked cars and make them more accessible.  
• Curb extensions can create additional space for curb ramps, landscaping, and street 
furniture that are sensitive to motorist and pedestrian sightlines; this is especially 
beneficial where sidewalks are otherwise too narrow. 
• Ensure that curb extension design facilitates adequate drainage. 
 
 
 
 
 

Chokers 
$5,000 to $20,000, depending on site conditions and 
landscaping. Drainage may represent a significant cost. 
 
Chokers are curb extensions that narrow a street by widening 
the sidewalks or planting strips, effectively creating a pinch 
point along the street. Chokers can be created by bringing both 
curbs in, or they can be done by more dramatically widening 
one side at a midblock location. They can also be used at 
intersections, creating a gateway effect when entering a street. 

Chokers can have a dramatic effect by reducing a two-lane 
street to one lane at the choker point (or two narrow lanes), requiring motorists to yield to 
each other or slow down. In order for this to function effectively, the width of the 
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travelway cannot be wide enough for two cars to pass: 4.9 m (16 ft) is generally effective 
(and will allow emergency vehicles to pass unimpeded). This kind of design is usually 
only appropriate for low-volume, low-speed streets. 
 
Purpose 
 
• Slow vehicles at a mid-point along the street.  
• Create a clear transition between a commercial and a residential area. 
• Narrow overly wide intersections and midblock areas of streets. 
• Add room along the sidewalk or planting strip for landscaping or street furniture. 
 
Considerations 
 
• If two travel lanes are maintained on a two-way street and/or the travel-lane widths are 
unchanged (at the location of the choker), it will have a minimal effect on speed.  
• Consult with local fire and sanitation departments before setting minimum width. 
• Ensure that bicyclist safety and mobility are not diminished. 
 
 
 

Crossing Islands. Costs range from $4,000 to $30,000. The cost 
for an asphalt island or one without landscaping is less than the 
cost of installing a raised concrete pedestrian island with 
landscaping. 
 
Crossing islands—also known as center islands, refuge islands, 
pedestrian islands, or median slow points—are raised islands 
placed in the center of the street at intersections or midblock to 
help protect crossing pedestrians from motor vehicles. Center 
crossing islands allow pedestrians to deal with only one 
direction of traffic at a time, and they enable them to stop 

partway across the street and wait for an adequate gap in traffic before crossing the 
second half of the street. Where midblock or intersection crosswalks are installed at 
uncontrolled locations (i.e., where no traffic signals or stop signs exist), crossing islands 
should be considered as a supplement to the crosswalk. They are also appropriate at 
signalized crossings. If there is enough width, center crossing islands and curb extensions 
can be used together to create a highly improved pedestrian crossing. Detectable 
warnings are needed at cut-throughs to identify the pedestrian refuge area. 

This kind of facility has been demonstrated to significantly decrease the percentage of 
pedestrian crashes. The factors contributing to pedestrian safety include reduced 
conflicts, reduced vehicle speeds approaching the island (the approach can be designed to 
force a greater slowing of cars, depending on how dramatic the curvature is), greater 
attention called to the existence of a pedestrian crossing, opportunities for additional 
signs in the middle of the road, and reduced exposure time for pedestrians. 
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Curb extensions may be built in conjunction with center crossing islands where there is 
on-street parking. Care should be taken to maintain bicycle access. Bicycle lanes (or 
shoulders, or whatever space is being used for bicycle travel) must not be eliminated or 
squeezed in order to create the curb extensions or islands. 
 
 
Purpose 
 
• Enhance pedestrian crossings, particularly at unsignalized crossing points.  
• Reduce vehicle speeds approaching pedestrian crossings.  
• Highlight pedestrian crossings. 
 
Considerations 
 
• Do not squeeze bicycle access. 
• Illuminate or highlight islands with street lights, signs, and/or reflectors to ensure that 
motorists see them. 
• Design islands to accommodate pedestrians in wheelchairs. A cut-through design such 
as depicted in the photo must include detectable warnings. 
• Crossing islands at intersections or near driveways may affect left-turn access. 
 
 
 

 
Chicanes 
Costs for landscaped chicanes are approximately $10,000 (for a set of 
three chicanes) on an asphalt street and $15,000 to $30,000 on a 
concrete street. Drainage and utility relocation often represents the 
most significant cost consideration. 
 
Chicanes create a horizontal diversion of traffic and can be gentler or 
more restrictive depending on the design. 

Diverting the Path of Travel 

Shifting a travel lane has an effect on speeds as long as the taper is not so gradual that 
motorists can maintain speeds. For traffic calming, the taper lengths may be as much as 
half of what is suggested in traditional highway engineering. 

Shifts in travelways can be created by shifting parking from one side to the other (if there 
is only space for one side of parking) or by building landscaped islands (islands can also 
effectively supplement the parking shift). 

Diversion Plus Restriction (Angled Slow Points) 

Diverting the path of travel plus restricting the lanes (as described under Chokers) usually 
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consists of a series of curb extensions, narrowing the street to two narrow lanes or one 
lane at selected points and forcing motorists to slow down to maneuver between them. 
Such treatments are intended for use only on residential streets with low traffic volumes. 

If there is no restriction (i.e., the number of lanes is maintained), chicanes can be created 
on streets with higher volumes, such as collectors or minor arterials. 
 
Purpose 
 
• Reduce vehicle speeds. 
• Add more green (landscaping) to a street. 
 
Considerations 
 
• Chicanes may reduce on-street parking. 
• Maintain good visibility by planting only low shrubs or trees with high canopies. 
• Ensure that bicyclist safety and mobility are not diminished. 
 
 
 
 

Mini-circles 
The cost is approximately $6,000 for a landscaped traffic 
mini-circle on an asphalt street and about $8,000 to $12,000 
for a landscaped mini-circle on a concrete street. 
 
Mini-circles are raised circular islands constructed in the 
center of residential street intersections (generally not 
intended for use where one or both streets are arterial streets). 
They reduce vehicle speeds by forcing motorists to maneuver 

around them. Mini-circles have been found to reduce motor vehicle crashes by an average 
of 90 percent in Seattle, WA.3 Drivers making left turns are directed to go on the far side 
of the circle (see diagram at right) prior to making the turn. Signs should be installed 
directing motorists to proceed around the right side of the circle be fore passing through 
or making a left turn. Mini-circles are commonly landscaped (bushes, flowers, or grass), 
most often at locations where the neighborhood has agreed to maintain the plants. In 
locations where landscaping is not feasible, traffic circles can be enhanced through 
specific pavement materials. 

Mini-circles are an intersection improvement as well as a traffic-calming device and can 
take the place of a signal or four-way stop sign. Many unwarranted four-way stop signs 
are installed because of the demand for action by the community. 

Mini-circles must be properly designed to slow vehicles and benefit pedestrians and 
bicyclists. Right-turning vehicles are not controlled at an intersection with a mini-circle, 
potentially putting pedestrians and bicyclists at risk. 



 33 

Therefore, tight curb radii should complement this treatment to discourage high-speed 
right-turn maneuvers. The occasional larger vehicle going through an intersection with a 
traffic circle (e.g., a fire truck or moving van) can be accommodated by creating a 
mountable curb in the outer portion of the circle. 
 
 
Purpose 
 
• Manage traffic at intersections where volumes do not warrant a stop sign or a signal.  
• Reduce crash problems at the intersection of two local streets.  
• Reduce vehicle speeds at the intersection. 
 
Considerations 
 
• Do not make generous allowances for motor vehicles by increasing the turning radii — 
this compromises pedestrian and bicyclist safety.  
• Larger vehicles that need access to streets (e.g., school buses and fire engines) may 
need to make lefthand turns in front of the circle. 
• Use yield, not stop, controls. 
• Mini-circle landscaping should not impede the sight distance. 
• Treat a series of intersections along a local street as part of a neighborhood traffic 
improvement program. 
 

Speed Bumps 
The cost for each speed hump is approximately 
$1,000. Speed tables are $2,000 to $15,000, 
depending on drainage conditions and materials 
used. 
 
Speed humps are paved (usually asphalt) and 
approximately 75 to 100 mm (3 to 4 in) high at 
their center, and extend the full width of the street 

with height tapering near the drain gutter to allow unimpeded bicycle travel. Speed 
humps should not be confused with the speed “bump” that is often found in mall parking 
lots. There are several designs for speed humps. The traditional 3.7-m (12-ft) hump has a 
design speed of 24 to 32 km/h (15 to 20 mi/h), a 4.3-m (14-ft) hump a few miles per hour 
higher, and a 6.7-m (22-ft) table has a design speed of 40 to 48 km/h (25 to 30 mi/h). The 
longer humps are much gentler for larger vehicles. 
 
Purpose 
 
• Reduce vehicle speeds. Raised measures tend to have the most predictable speed 
reduction impacts. 
• Enhance the pedestrian environment at pedestrian crossings. 
 
Considerations 
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• Do not use if on a sharp curve. 
• If the street is a bus route or primary emergency route, the design must be coordinated 
with operators. Usually, some devices are acceptable if used prudently — one device may 
be appropriate and may serve the primary need (e.g., if there is a particular location along 
a street that is most in need of slowing traffic and improving pedestrian conditions).  
• The aesthetics of speed humps and speed tables can be improved through the use of 
color and specialized paving materials. 
• Noise may increase, particularly if trucks use the route regularly. 
• May create drainage problems on some streets. 
• Speed humps and tables should be properly designed and constructed to reduce the 
chance of back problems or other physical discomfort experienced by vehicle occupants. 
Tight tolerances are required during construction. 
 

 
Speed Table  
The cost for each speed hump is approximately $1,000. 
Speed tables are $2,000 to $15,000, depending on 
drainage conditions and materials used. 
 
A “speed table” is a term used to describe a very long 
and broad speed hump, or a flat-topped speed hump, 

where sometimes a pedestrian crossing is provided in the flat portion of the speed table 
(see Raised Pedestrian Crossings). The speed table can either be parabolic, making it 
more like a speed hump, or trapezoidal, which is used more frequently in Europe. Speed 
tables can be used in combination with curb extensions where parking exists. 
 
Purpose 
 
• Reduce vehicle speeds. Raised measures tend to have the most predictable speed 
reduction impacts. 
• Enhance the pedestrian environment at pedestrian crossings. 
 
Considerations 
 
• Do not use if on a sharp curve. 
• If the street is a bus route or primary emergency route, the design must be coordinated 
with operators. Usually, some devices are acceptable if used prudently — one device may 
be appropriate and may serve the primary need (e.g., if there is a particular location along 
a street that is most in need of slowing traffic and improving pedestrian conditions).  
• The aesthetics of speed humps and speed tables can be improved through the use of 
color and specialized paving materials. 
• Noise may increase, particularly if trucks use the route regularly. 
• May create drainage problems on some streets. 
• Speed humps and tables should be properly designed to reduce the chance of back 
problems or other physical discomfort experienced by vehicle occupants. 
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Raised intersection. Raised crosswalks are approximately 
$2,000 to $15,000, depending on drainage conditions and 
material used. The cost of a raised intersection is highly 
dependent on the size of the roads. They can cost from 
$25,000 to $75,000. 
 
A raised intersection is essentially a speed table (see 
photograph to the right) for the entire intersection. 
Construction involves providing ramps on each vehicle 

approach, which elevates the entire intersection to the level of the sidewalk. They can be 
built with a variety of materials, including asphalt, concrete, stamped concrete, or pavers. 
The crosswalks on each approach are also elevated as part of the treatment to enable 
pedestrians to cross the road at the same level as the sidewalk, eliminating the need for 
curb ramps. Use detectable warnings to mark the boundary between the sidewalk and the 
street. 
 
Purpose 
 
• Reduce vehicle speeds.  
• Enhance the pedestrian environment at the crossings. 
 
Considerations 
 
• Don’t use if on a sharp curve or if the street is on a steep grade.  
• May not be appropriate if the street is a bus route or emergency route. One device may 
be necessary and serve the primary need. Several raised devices may be disruptive, so 
other measures should be considered.  
• Speed tables and raised crosswalks and intersections can be an urban design element 
through the use of special paving materials. 
• Detectable warning strips at edges enable pedestrians with vision impairments to detect 
the crossing. 
• Care must be taken to manage drainage. 

 
Gateway 
Cost varies widely depending on the measures chosen. 
A gateway is a physical or geometric landmark that indicates a 
change in environment from a higher speed arterial or collector 
road to a lower speed residential or commercial district. They 
often place a higher emphasis on aesthetics and are frequently used 
to identify neighborhood and commercial areas within a larger 
urban setting. Gateways may be a combination of street narrowing, 
medians, signing, archways, roundabouts, or other identifiable 
feature. Gateways should send a clear message to motorists that 
they have reached a specific place and must reduce speeds. This 
can help achieve the goal of meeting expectations and preparing 
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motorists for a different driving environment. Gateways are only an introduction and 
slower speeds are not likely to be maintained unless the entire area has been redesigned 
or other traffic-calming features are used. 
 
Purpose 
 
• Create an expectation for motorists to drive more slowly and watch for pedestrians 
when entering a commercial, business, or residential district from a higher speed 
roadway. 
• Create a unique image for an area. 
 
Considerations 
 
• Traffic-slowing effects will depend upon the device chosen and the overall traffic-
calming plan for the area. 
 

Landscaping  
Opportunities for funding landscaping are often 
more flexible than for major street changes. For 
example, the cost of the actual landscaping may be 
paid for by the corresponding neighborhood or 
business groups. Often, municipalities will pay for 
the initial installation and homeowners associations, 
neighborhood residents, or businesses agree to 
maintain anything more elaborate than basic tree 
landscaping. 
 

The careful use of landscaping along a street can provide separation between motorists 
and pedestrians, reduce the visual width of the roadway (which can help to reduce vehicle 
speeds), and provide a more pleasant street environment for all. This can include a variety 
of trees, bushes, and/or flowerpots, which can be planted in the buffer area between the 
sidewalk or walkway and the street. 

The most significant issue with any landscaping scheme is ongoing maintenance. Some 
communities have managed effectively by creating homeowners associations to pay for 
landscape maintenance or through the volunteer efforts of neighbors. Others have found 
them to be unreliable and budget for public maintenance instead. Consider adding 
irrigation systems in areas with extensive planting. 

Choosing appropriate plants, providing adequate space for maturation, and preparing the 
ground can help ensure that they survive with minimal maintenance, and don’t buckle the 
sidewalks as they mature. The following guidelines should be considered: plants should 
be adapted to the local climate and fit the character of the surrounding area—they should 
survive without protection or intensive irrigation; and plant’s growth patterns should not 
obscure signs or pedestrians’ and motorists’ views of each other. 
 
Purpose 
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• Enhance the street environment. 
• Calm traffic by creating a visual narrowing of the roadway. 
 
Considerations 
 
• Maintenance must be considered and agreed to up-front, whether it is the municipality 
or the neighborhood residents who will take responsibility for maintenance. 
• Shrubs should be low-growing and trees should be trimmed up to at least 2.4 to 3.0 m (8 
to 10 ft) to ensure that sight distances and head room are maintained and personal 
security is not compromised. 
• Plants and trees should be chosen with care to match the character of the area; be easily 
maintained; and not create other problems, such as buckling sidewalks. 
 

Paving Treatments 
Variable; materials requiring hand labor (cobblestones or 
pavers) have a higher cost. 
 
Paving materials are important to the function and look of 
a street, both in the road and on the sidewalk. 
Occasionally, paving materials in and of themselves act as 
a traffic-calming device (e.g., when the street is paved in 
brick or cobblestone). However, some of these materials 
may be noisy and unfriendly to bicyclists, pedestrians, 
wheelchairs, or snowplow blades. In particular, 
cobblestones should not be used in the expected pedestrian 

or bicycle path, although they may be used as aesthetic elements in a streetscape design. 
Smooth travel surfaces are best for all pedestrians. 

The pedestrian walkway material should be firm, planar, and slip-resistant. Concrete is 
the preferred walking surface. A different look can be achieved by using stamped 
concrete or concrete pavers, which are available in a variety of colors and shapes; 
however, jointed surfaces may induce vibration, which can be painful to some 
pedestrians. They can also be used on the top of raised devices. 

It is important to ensure crosswalk visibility. High visibility markings are often best. 
Textured crosswalks should be marked with reflective lines since these types of 
crosswalks are not as visible, especially at night or on rainy days. 

Colored paving can often enhance the function of portions of the roadway, such as a 
colored bicycle lane. This can create the perception of street narrowing, in addition to 
enhancing the travel facility for bicyclists. 
 
Purpose 
 
• Send a visual cue about the function of a street. 
• Create an aesthetic enhancement of a street. 
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• Delineate separate space for pedestrians or bicyclists. 
 
Considerations 
 
• Slippery surfaces, such as smooth granite and paint, and uneven surfaces, such as 
cobblestones and brick, should not be used in the primary pedestrian or bicycle travel 
paths. Bumpy surfaces may be especially uncomfortable for wheelchair users and a 
tripping hazard for all pedestrians. 
• Coordinate choice and placement of materials with maintenance agencies. 
• Design and maintenance must ensure crosswalk visibility over time. 
• Using materials such as bricks and cobblestones may increase the cost of construction 
and maintenance. 

 
Serpentine Design  
The cost can be high ($60,000 to $90,000 per block) to retrofit a 
street, but may be no extra to build a new street with this design if 
adequate right-of-way is available. 
 
Serpentine design refers to the use of a winding street pattern with 
built-in visual enhancements through a neighborhood, which 
allow for through movement while forcing vehicles to slow. The 
opportunities for significant landscaping can be used to create a 
park-like atmosphere. 

Such designs are usually implemented with construction of a new 
neighborhood street or during reconstruction of an existing street corridor. This type of 
design can be more expensive than other traffic-calming options and needs to be 
coordinated with driveway access. 
 
Purpose 
 
• Change the entire look of a street to send a message to drivers that the road is not for 
fast driving. 
 
Considerations 
 
• Where costs are a concern, lower cost, equally effective traffic-calming strategies may 
be preferable. 
• Most cost-effective to build as a new street or where a street will soon undergo major 
reconstruction for utility or other purposes. 
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Woonerf  
The cost to retrofit a woonerf may be quite high, but there would be no extra cost if 
designed into the original construction. “Woonerf” (“Street for living”) is a Dutch term 
for a common space created to be shared by pedestrians, bicyclists, and low-speed motor 
vehicles. They are typically narrow streets without curbs and sidewalks, and vehicles are 

slowed by placing trees, planters, parking 
areas, and other obstacles in the street. 
Motorists become the intruders and must 
travel at very low speeds below 16 km/h (10 
mi/h). This makes a street available for public 
use that is essentially only intended for local 
residents. A woonerf identification sign is 
placed at each street entrance. Consideration 
must be given to provide access by fire 
trucks, sanitation vehicles and other service 
vehicles (school buses and street sweepers), if 
needed. 

 
 
Purpose  
 
• Create a very low automobile volume, primarily on local access streets.  
• Create a public space for social and possibly commercial activities and play by area 
children. 
 
Considerations 
 
• A woonerf is generally not appropriate where there is a need to provide nonresident 
motorists with access to services or through travel.  
• The design needs to keep vehicle speeds very low in order to make the streets safe for 
children. 
 
 
 
 
Diverters. $15,000 to $45,000 each, depending on the type of diverter and the need to 
accommodate drainage. 
 
A diverter is an island built at a residential street intersection that prevents certain 
through and/or turning movements. Diverters affect people living in the neighborhood 
more than any one else. Therefore, diverters should be considered only when less 
restrictive measures are not appropriate. 

Four types of diverters are: diagonal, star, forced turn, and truncated. A diagonal diverter 
breaks up cut-through movements and forces right or left turns in certain directions. A 
star diverter consists of a star-shaped island placed at the intersection, which forces right 
turns from each approach. A truncated diagonal diverter is a diverter with one end open 
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to allow additional turning movements. Other types 
of island diverters can be placed on one or more 
approach legs to prevent through and left-turn 
movements and force vehicles to turn right. 

As with other traffic management tools, diverters 
must be used in conjunction with other traffic 
management tools within the neighborhood street 
network. Any of these diverters can be designed for 
bicycle and pedestrian access. 
 
Purpose 
 
• Discourage or prevent traffic from cutting through a 
neighborhood. 
 
Considerations 
 
• Impacts residents more than through traffic. 
• Consider less restrictive measures first. 
• Evaluate traffic patterns to determine whether other 
streets would be adversely affected. 
• Design diverters to allow bicycle, pedestrian, and 
emergency vehicle access. If this cannot be done and 
the street is a major bicycle corridor, a diverter 
should not be used. 
• Diverters generally do not effectively address 
midblock speeding problems. 
• Diagonal diverters may be used in conjunction with 
other traffic management tools and are most effective 
when applied to the entire neighborhood street 
network.  
• Diverters should have strong neighborhood support. 
• The effect of diverters on service vehicles should be 
considered. 
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 Partial Street Closure 
A well-designed, landscaped partial street closure at an 
intersection typically costs approximately $10,000 to $25,000. 
They can be installed for less if there are no major drainage 
issues and landscaping is minimal. 
 
A partial street closure uses a semi-diverter to physically close or 
block one direction of motor vehicle travel into or out of an 
intersection; it could also involve blocking one direction of a 
two-way street. Partial street closures at the entrance to a 
neighborhood or area should consider the traffic flow pattern of 
the surrounding streets as well. The design of this measure 

should allow for easy access by bicyclists and all pedestrians. 

A partial closure provides better emergency access than a full closure. Since this design 
also allows motorists to easily violate the prohibitions, police enforcement may be 
required. If the partial closure only eliminates an entrance to a street, a turnaround is not 
needed; closing an exit will generally require a turnaround. 
 
Purpose 
 
• Prevent turns from an arterial street onto a residential street.  
• Reduce cut-through traffic. 
• Restrict access to a street without creating one-way streets. 
 
Considerations 
 
• Do not adversely affect access by service vehicles. 
• Analyze whether less restrictive measures would work.  
• Analyze whether other local streets will be adversely affected and/or access into or out 
of the neighborhood would not be adequate.  
• Will create out-of-the-way travel for residents and put additional traffic on other streets.  
• Consider impact on school bus routes, emergency access, and trash pickup. 
• Will not solve speeding issues; speeds may increase on the new one-way street. 
 
Signs. $50 to $150 per sign. Some signs may cost more because they are usually custom 
made. 
 

 
Modified T-intersection  
$20,000 to $60,000, depending on the design and 
whether drainage and utilities need to be relocated. 
 
This design treatment is intended for certain T-
intersections on lower-volume streets in residential 
areas where there is a need to reduce the speeds of 
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through traffic. It involves a gradual curb extension or bulb at the top of the T, such that 
vehicles are deflected slightly as they pass straight through the intersection (see diagram). 
This type of design can help to discourage cut-through traffic in a neighborhood and can 
reduce speeds at the intersection. If not properly designed, it can create confusion 
regarding priority of movement. Consider a mini-circle before installing this treatment. 
 
Purpose 
 
• Reduce vehicle speeds through a T-intersection on a low-volume street. 
 
Considerations 
 
• Used when vehicle volumes are low to moderate. 
• A mini-traffic circle may accomplish the same objective and may be less costly and 
confusing. 
• If designed to eliminate some turning movements, the affected neighborhood residents 
should be consulted for input and an analysis of traffic patterns done to ensure that 
through traffic would not be diverted inappropriately. 
• Pedestrian and bicycle access must be accommodated through the island. 
 
 
 

 
Intersection Median Barriers  
 
$10,000 to $20,000. This shortened version of a raised curb 
median extends through the intersection to prevent cross-
street through movements and left turning movements to 
cross-streets from the main street. 
This treatment can benefit pedestrians who need to cross any 
leg of the intersection, but restricts vehicle entry into and out 
of neighborhoods and can therefore greatly reduce cut-
through traffic. However, since this treatment can 
dramatically influence traffic patterns and have potentially 
negative consequences caused by shifting traffic, it should be 

used cautiously. Crossing islands can provide benefits to pedestrians if that is the desire. 
This is also a traffic management technique. 

Cut-throughs must be incorporated into the design for pedestrian and bicyclist use. 
 
Purpose 
 
• Reduce cut-through traffic on a neighborhood street. 
 
Considerations 
 
• Local residents need to be provided access so they do not have to drive excessive 
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distances to their homes.  
• An analysis of traffic patterns should be done to ensure that cut-through traffic would 
not be diverted to a nearby street. 
• Design should ensure safe and convenient bicycle and pedestrian access. 
• Ensure that emergency access is not negatively impacted. Some designs (e.g., high 
mountable curbs) may allow fire truck access, while inhibiting cars. 
 

 
Roundabouts  
The cost for a landscaped roundabout varies widely and 
can range from $45,000 to $150,000 for neighborhood 
intersections and up to $250,000 for arterial street 
intersections, not including additional right-of-way 
acquisition. Yet, roundabouts have lower ongoing 
maintenance costs than traffic signals. 
 
 
A roundabout is a circular intersection that eliminates 

some of the conflict traffic, such as left turns, that causes crashes at traditional 
intersections. Traffic maneuvers around the circle in a counterclockwise direction, and 
then turns right onto the desired street. All traffic yields to motorists in the roundabout 
and left-turn movements are eliminated. Unlike a signalized intersection, vehicles 
generally flow and merge through the roundabout from each approaching street without 
having to stop. 

Roundabouts need to accommodate pedestrians and bicyclists. It is important that 
automobile traffic yields to pedestrians crossing the roundabout. Splitter islands at the 
approaches slow vehicles and allow pedestrians to cross one direction of travel at a time. 
Single-lane approaches can be designed to keep speeds down to safer levels and allow 
pedestrians to cross. Multilane approaches can create multiple threats for pedestrians and 
are not recommended. 

Wayfinding and gap selection cues need to be adequately addressed in the design of 
roundabouts so that roundabouts are not a barrier to pedestrians with vision impairments. 
One possible solution is the use of accessible pedestrian signals placed on sidewalks and 
splitter islands to indicate both where to cross and when to cross. More research is 
currently underway through the National Cooperative Highway Research Program 
(NCHRP) to further explore the problem and develop potential solutions. Refer to 
NCHRP Project 3-78, Crossing Solutions at Roundabouts and Channelized Turn Lanes 
for Pedestrians with Vision Disabilities (at www4.trb.org/trb/crp.nsf/NCHRP+projects) 
for the latest status report. 

Bicyclists also may be disadvantaged by roundabout design. Unless the road is narrow 
(one lane in each direction), speeds are slow, and traffic very light, bicyclists may not be 
able to share the road comfortably. Marking bicycle lanes through the roundabout has not 
been shown to be safer. In larger roundabouts, an off-road bicycle path may be necessary 
to allow cyclists to use the pedestrian route. This is inconvenient and takes longer but it 
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will improve safety. Refer to the FHWA report Roundabouts, An Informational Guide 
(online at http://www.tfhrc.gov/safety/00068.htm) for more information related to the 
design of facilities for both pedestrians and bicyclists.1 
 
Purpose 
 
• Improve safety at intersections experiencing a large number of angle collisions. 
• Convert signalized intersection to improve traffic flow efficiency. 
• Reduce speeds at intersection. 
• Create a gateway into an area. 
 
Considerations 
 
• Street widths and/or available right-of-way need to be sufficient to accommodate a 
properly designed roundabout.  
• Roundabouts have a mixed record regarding pedestrian and bicyclist safety — a low 
design speed is required. 
• Roundabouts are generally not appropriate for the intersection of two multilane roads. 
• Roundabouts often work best where the traffic flows are balanced on all approaches. 
• Deflection on each leg of the intersection must be set to control speeds to 24-29 km/h 
(15-18 mi/h). 
 
 

Speed Monitoring Trailer  
$10,000 to $15,000 to purchase the speed-monitoring 
trailer, plus the cost to move the trailer to different 
locations and to monitor the trailer. 
 
Speed-monitoring trailers—sign boards on trailers that 
display the speed of passing vehicles—are used by police 
departments and transportation agencies as educational 
tools that can enhance enforcement efforts directed at 

speed compliance. Speed radar trailers are best used in residential areas and may be used 
in conjunction with Neighborhood Speed Watch or other neighborhood safety education 
programs. They can help raise residents’ awareness of how they themselves are often 
those speeding, not just “outsiders.” Speed trailers are not substitutes for permanent 
actions, such as traffic-calming treatments, to address neighborhood speeding issues. 

Speed-monitoring trailers can be used at several locations and should have occasional 
police monitoring and enforcement to maintain driver respect. 
 
Considerations 
 
• Occasional enforcement is needed to supplement the speed-monitoring trailers. 
• Speed-monitoring trailers are not a substitute for engineering measures.  
• Should not obstruct pedestrian travelway or sightlines. 
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Education. Providing education, outreach, and training is a key strategy in increasing 
pedestrian and motorist awareness and behavior. While efforts most certainly provide 
information, the primary goal of an educational strategy is to motivate people to alter 
their behavior and reduce reckless actions. To implement the strategy, an integrated, 
multidisciplinary approach that links hard policies (e.g., changes in infrastructure) and 
soft policies (e.g., public relations campaigns) and addresses both pedestrians and drivers 
has the greatest chance of success. 

There are several broad approaches to education that can be conducted with moderate 
resources. They include 1) highlighting pedestrian features when introducing new 
infrastructure; 2) conducting internal campaigns within the organization to build staff 
support for pedestrian safety programs; 3) incorporating pedestrian safety messages into 
public relations efforts; 4) developing relationships with sister state agencies and 
statewide consumer groups; and 5) marketing alternative travel modes. 

There are three specific types of educational campaigns – public awareness, targeted 
campaigns, and individual campaigns. Public awareness campaigns are a great example 
of a vehicle used to garner public support. An effective campaign can “lay the 
groundwork” for subsequent pedestrian safety initiatives and can increase the likelihood 
of their success. Campaigns to target groups are usually aimed at changing behavior 
patterns in specific groups of people (e.g., motorists, elderly, school children). Since 
changing behavior in these groups can be a long and arduous task, these campaigns tend 
to be ongoing efforts aimed at long-term results. Individual campaigns differ from 
campaigns at target groups because the audience is reached through an intermediary. 
Intervention occurs at an individual level through safety guards, doctors and other 
authority figures. Using these different approaches in concert reaches a broader audience 
and increases the likelihood of long-term success in changing attitudes and behaviors. 
 
Considerations 
 
• Educational messages should encourage people to think about their own travel attitudes 
and behaviors and make more informed choices. 
• Pedestrian educational campaigns must be a part of a long-term and ongoing traffic 
safety program. 
• Educational programs and materials should be sensitive of different groups of people. 
• Outreach material should be interesting and involve visual as well as written messages. 
• Difficulty in gaining political support needed to ensure a comprehensive program. 
• Difficulty in introducing safety education within established school system curriculums. 
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San Francisco Bicycle Advisory Committee’s Traffic Calming Descriptions 
Bicycle Plan - Part 6 
http://www.sfgov.org/site/bac_page.asp?id=11544#P45_4180 
 
Changes in Elevation 
 
Speed Humps - Speed humps, also called pavement undulations or road bumps, are 
raised areas extending across the pavement surface, typically 3 to 4 inches high and 12 
feet long in the direction of traffic flow. They must be carefully distinguished from the 
high, narrow speed bumps sometimes used in private parking lots and driveways, which 
traffic engineers do not recommend on city streets. Speed humps are very common in 
California cities. Speed humps are meant to cause discomfort to occupants of vehicles 
that exceed the design speed, and are usually installed in a series of two or more. 
Improperly designed, speed humps and all speed bumps are dangerous for bicyclists. 
They can damage the wheels or frame, or it can knock the bicyclist down. Conventional 
narrow speed bumps, for instance, are known to have caused at least one bicyclist death, 
and every speed bump design that has been tried is dangerous for some class of vehicles. 
Fortunately, properly designed speed humps, with gentle approach and exit gradients, 
flush leading edges, and smooth surfaces, do not seem to pose a significant hazard to 
bicyclists. British government research found that 92 percent of users of two-wheeled 
vehicles had no trouble crossing 0.1-meter (4-inch) humps. The California Traffic 
Control Devices Committee's Subcommittee Report on Pavement Undulations found that 
bicyclists may experience loss of control at speeds approaching 20 mph for a 4-inch 
hump, or 25 mph for a 3-inch hump. The report found no problem at speeds of 15 mph or 
less. 

With one exception bicyclists are unlikely to exceed 25 mph on residential streets, and 
few will exceed 20 mph. Thus, both 3-inch and 4-inch humps are likely to be safe for 
bicyclists, although the 4-inch hump should probably be used with caution where bicycle 
traffic is frequent or rapid. Humps can be tapered near the curb or have cuts in them to 
allow bicyclists to bypass them, although this practice is not strictly necessary and can 
encourage gutter-running (driving with one wheel in the gutter) by motorists. It is also 
important to ensure adequate warning signs and markings. The exception to these 
bicyclist speeds is on hills. (The death referred to above occurred on a steep hill.) 
Bicyclists who inadvertently approach a hump at high speed might risk serious injury. It 
is also possible that a hump could cause a slow bicyclist to lose control on a steep uphill 
grade. The City of Oakland will install speed humps only on residential streets and only 
on streets with grades less than 5 percent. 

Speed humps are normally used only on local streets, usually residential streets, although 
Portland has tested a 22-foot long speed hump for use on collector streets. Since 1988 the 
City of Palo Alto has experimented with 3-inch high humps on several residential streets. 
The humps do not appear to impede or pose a hazard to bicycle travel. It should be noted 
that in many jurisdictions, departments that operate emergency and transit vehicles 
oppose speed humps at least on collector streets. 



 47 

Speed humps should be located far enough from intersections that turning cyclists are no 
longer leaning when they encounter the hump. Finally, maintenance should ensure that 
raveling of the hump's edge does not produce irregularities, gaps, or debris that could 
impede or endanger bicyclists. 

 

Groningen, NL. This bump allows bicyclists to go around the bump 

Speed Tables - A flat-topped hump is called a speed table; its length in the direction of 
travel can be much greater than that of a conventional hump. Speed tables, usually 
distinctively paved, are often used at pedestrian crosswalks, where they must extend curb 
to curb and no cyclist bypass is possible. Otherwise, considerations for speed tables are 
the same as those for speed humps and for textured surfaces.  

   Groningen, NL 

 

Raised Intersections - A raised intersection is similar to a speed table, but extends across 
the full width of an intersection on all four approaches. Raised intersections have been 
used extensively in Europe for residential traffic management, and occasionally in the 
United States in shopping areas. As with speed humps and tables, the approach and exit 
gradients should be gentle, and the surface should be smooth but not slippery. 
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Roadway Narrowing 

Lane Narrowing - Restriping of roadways to provide fewer lanes, or narrower lanes, can 
create enough room for a bicycle lane or a curb lane wide enough for bicyclists and 
motorists to share comfortably. For instance, Seattle has restriped some streets from four 
lanes to two plus a two-way left turn lane and bicycle lanes. At the same time, fewer 
lanes or narrower lanes may tend to reduce vehicle speeds. Such modifications can be 
viewed either as the roadway being restriped to accommodate bicycles, or as bicycle 
lanes being used as a means to calm traffic. However, narrowing lanes such that bicycles 
and motor vehicles are forced to share a lane less than 14 feet wide is not bicycle 
compatible and should not be considered. 

Traffic Circles - Small traffic circles, also called mini-roundabouts or speed control 
islands, have been used with great success in Seattle's Neighborhood Traffic Control 
Program, where they are installed at the request of citizens. Located at the center of an 
intersection in place of STOP signs or traffic lights, traffic circles both narrow the 
roadway and force motorists to change direction. They may also produce the visual 
impression of a dead-end street, at least to strangers. 

Although traffic circles seem relatively benign, recent trial installations in the Willows 
neighborhood of Menlo Park have produced heated controversy among residents. A letter 
to the editor in opposition to them cites traffic diverted to other neighborhood streets, 
reduced emergency vehicle response times, traffic hazards, "reduced property values due 
to the slumlike visual connotations of the obstacles," and the cost of the circles 
themselves. 

The bicyclist's objection to all these means of narrowing the roadway is the same. Unless 
the narrowing is substantial and frequent, any reduction in vehicle speed is usually small. 
At the same time, the narrow lanes tend to squeeze motorists and bicyclists together. To 
avoid this conflict, the roadway should remain wide enough for lane-sharing, about 12 
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feet or wider, depending on traffic volume; otherwise additional traffic calming 
techniques should be used along with the narrowing, or a cyclist bypass should be 
provided if geometry permits. 

Of all the roadway-narrowing measures, small traffic circles seem to be the most 
comfortable for bicyclists. This may be because they inherently combine several traffic-
calming techniques; because they do not create a competition for the remaining space; or 
because they are often used on roadways that already carry relatively little traffic. In 
addition, the elimination of STOP signs that they make possible is highly beneficial to 
bicyclists. They are not, however, free of controversy. Some bicyclists object to the 
complication and confusion of turning and crossing movements, the decreased clearance 
between bicyclists and cross traffic, and the danger of left-turning motorists who shortcut 
the circle clockwise to avoid traveling counterclockwise three quarters of the way around 
it. In addition, bicyclists would be better served by stopping the side street traffic to give 
travel on the street in question the right-of-way. This is especially true if the side street 
has significant traffic volumes. 

A well-designed traffic circle employs a small size and sharp deflection at entry to force 
entering traffic to slow drastically and to continue slowly around the circle. A small 
triangular island at the entry can force a right turn, eliminating shortcuts, and also 
provides a pedestrian refuge. 

Changes of Direction 

Reduced Corner Radii - Reducing the corner radius at intersections to as little as 7 feet 
both slows down the speed of turning traffic and reduces the distance pedestrians must 
cross. It is an effective technique in high-pedestrian areas, and can also be used to reduce 
the speed of traffic entering the cross street. However, large trucks may not be able to 
negotiate the turn without overrunning the curb. 

This technique can also be applied on arterials, although the geometry is larger, reducing 
corner radii from 50 feet to 30 feet at freeway on-/off-ramps, for example. 

Restricted Movements 

Road Closures/Traffic Barriers - As used here, "road closure" refers to closing a road 
at one point, either at an intersection (creating a cul-de-sac) or midblock (creating two 
cul-de-sacs). It does not mean closing an extended portion to vehicular traffic, as 
authorized by Vehicle Code '21101(a), which might be done to create a pedestrian area. 
In Europe, such a point closure is called an "environmental" road closure. The closure is 
usually accomplished by installing a barrier, whose design can vary from an asphalt berm 
to a set of posts or bollards to a sculptured and landscaped island to a full cul-de-sac with 
curb and gutter. These designs differ in cost, appearance, and ease of maintenance but not 
in basic functionality. 

Traffic barriers are sometimes called diverters, since when traffic is blocked from one 
street it does not usually disappear, but is instead diverted to another nearby street. This 
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chapter uses the term "barrier" for a device that blocks movement completely, and 
reserves "diverter" for a device that restricts some movements, usually the through 
movement, but allows other traffic to continue. Many Bay Area cities have installed 
traffic barriers, notably Berkeley and Palo Alto, to prevent commute traffic from cutting 
through neighborhoods. Barriers are the most extreme traffic calming measure, and are, 
of course, highly successful in reducing traffic volume and speed near the installation 
point. Barriers also tend to be highly controversial and are unpopular with a some citizens 
since they restrict access for residents and visitors as well as outsiders. 

Barriers can create two kinds of problems for bicyclists: 

* They do not always allow easy bicycle passage. (In the case of barriers constructed of 
guardrail, like some in Berkeley, they may not allow passage at all.) This is primarily a 
matter of barrier design. If the barriers are constructed with bicyclists in mind, they can 
continue to allow unrestricted bicycle access. 

* Because motorists look in directions where they expect to see other motorists, they fail 
to anticipate bicyclists who suddenly enter an intersection across or through a barrier. 
This problem is primarily a matter of barrier placement. It can be avoided with proper 
placement and with notification to either bicyclists or motorists that they must yield. 

In order to prevent these potential problems as well as potential neighborhood opposition, 
exceptional attention must be paid to the selection of a location for barriers as well as the 
details of the design and placement. 

Barrier Design - Every barrier should have a gap or opening to allow bicycle passage. 
To allow for trailers and adult tricycles, the gap should provide a clear width of at least 5 
feet (Highway Design Manual, Topic 1003.1), although as little as 4 feet can be 
workable. The practical maximum is 5 feet 6 inches, set by the width of an automobile. 
On a two-way street this clear width should be provided for each direction of bicycle 
travel, either by two separate approximately 5-foot openings or a single approximately 
10-foot opening in the center, divided by a concrete block or a 4-inch diameter, 4-foot 
high locking barrier post. The single opening has the advantage that it can allow passage 
of emergency vehicles. 

In some cases it may be necessary to prohibit parking near the barriers by means of signs 
or red curbs to preserve access to the openings. The exact location of the openings 
between the center of the road and the curb is not usually critical as long as the guidelines 
below for placement of the barrier itself are followed. 

The barrier itself should be liberally identified, as appropriate, with single white or 
yellow reflectors, diagonal reflector arrays, edge reflectors, and reflective tape or paint. 
The upper half of posts should be wrapped diagonally with parallel stripes of orange and 
white reflective tape for maximum visibility day and night, and a 2-by-10-foot envelope 
should be painted on the pavement around the post. 

Plantings on landscaped barriers or closures should not obstruct sight lines, and should 
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minimize the shedding of leaves, seeds, fruit, or nuts onto the roadway. 

Barrier Placement - The relevant principle is that on the far side of a barrier, bicyclists 
should not immediately encounter cross traffic at intersections or driveways. This means 
that full barriers should not be placed directly at intersections, but set back at least 50 feet 
from any cross street or business driveway. (Fifty feet is a reasonable stopping distance, 
including reaction time, for a bicyclist traveling at 15 mph.) With some designs and at 
some locations, it may be necessary to prohibit on-street parking or to trim foliage to 
provide adequate sight lines. 

This placement also ensures that bicyclists who are leaning to turn onto a street with a 
barrier have a chance to return to an upright position by the time they encounter the 
barrier, and therefore to pass through the barrier safely. 

Half Closures - The road is closed at one point by a barrier but only across half its width. 
This is almost always done at the street entrance, allowing traffic to exit but blocking it 
from entering and creating a de facto one-way street for one block (except for traffic that 
originates within the block). Where the half closure includes a bypass for bicycles to 
enter, the result resembles a contraflow bike lane without that design's inherent 
disadvantages. 

The same design considerations for bicycles apply to half closures as to full closures, 
although a half-width barrier needs only one opening. The preferred location at a street 
entrance is satisfactory, since there is no conflict with cross traffic on the far side of the 
barrier. 

Half closures have the advantage of greater flexibility in placement than full closures. 
Although they can be physically violated by motorists fairly easily, the rate of violation 
should still be relatively low since motorists must consciously decide for example to 
enter a one-way opening. By the same token they offer easy passage to emergency 
vehicles. The security of half closures can be improved by extending a concrete median 
beyond the barrier (provided that it does not block access to driveways or parking, and 
even this can be provided to some extent by openings), forcing drivers to travel on the 
wrong side of the road for prolonged distances in order to circumvent the barrier. 

Diagonal Diverters - A diagonal diverter is a barrier placed diagonally across the full 
width of an intersection, creating two L-shaped streets touching but not connected at the 
corners. Again, Berkeley is the prime example in the Bay Area of the use of the diagonal 
diverter although its use of them is not particularly bicycle friendly. Diagonal diverters 
are also used in Eugene and Seattle. 

Diverters may be less objectionable to motorists than barriers, but they can be 
unsatisfactory to through bicyclists, who (depending on the diverter geometry and 
bicyclist maneuver) may be exposed to unsuspecting cross traffic on both sides of the 
diverter. Since they function only in intersections, there is no flexibility in diverter 
placement. The design should therefore provide an opening that is both wide enough for 
passage and long enough in the direction of travel to create a refuge: 6 feet for a bicycle, 
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or 10 feet for a bicycle plus trailer. This length can most easily be provided if the diverter 
is constructed as a tapered island or as a permanent landscaped closure, although it can 
also be created by a double row of bollards. 

Since the purpose of the diagonal diverter would be to track most of the traffic into a 
forced right- or left-turn, such as at Steiner/Waller, it is suggested that the bicycles 
allowed through the diverter be required to yield to on-coming traffic on the other side, 
be it motor vehicle or bicycle. 

Figure 6-3 shows several variations of diagonal diverters and alternatives to diagonal 
diverters that can prioritize the left-turn/right-turn movements needed to execute the 
Duboce Wiggle. 

Truncated Diagonal Diverters - As used in Seattle, one end of the diagonal diverter 
does not extend fully to the corner, permitting right turns as well as left turns on one of 
the four streets, while continuing to prevent all through movements. It would be possible 
to vary the design even further to widen this gap, permitting left turns as well as right 
turns on the intersecting street, or to provide gaps at both ends, creating a kind of 
diagonal median barrier. These may need to be used in conjunction with STOP signs to 
assign right-of-way to certain movements. 

Median Barriers - Median barriers are currently used in virtually every city on major 
arterials where they separate opposing directions of traffic and prevent left turns to and 
from minor streets. For traffic management purposes, short median barriers can also be 
placed at intersections to prevent through movements. These barriers differ from the 
median islands discussed above under "Roadway Narrowing". Median islands are placed 
along the traffic-calmed street to narrow it, while median barriers are placed 
perpendicular to it along the centerline of the cross street to prevent traffic from entering 
or continuing. (A single barrier can serve both purposes on intersecting streets.) 

The usual median barrier permits right turns and prevents left turns, but design 
modifications can add one or two of the four possible left turns according to need. 

To suit bicyclists' needs, the barrier must have a bicycle bypass (or two, depending on 
design). If it crosses a busy uncontrolled intersection, it is best designed as an island that 
includes a bicycle refuge. 

Forced Turns - Traffic can be forced to turn right rather than continue straight by a pork-
chop shaped island, similar to the familiar type used for free-running right turns, but 
extending further to the left to block through travel. It is easy to incorporate a bicyclist 
bypass around or through the island. With some geometries it might be possible to force 
left turns as well, for instance, offset intersections, turns from one-way streets, and turns 
from the right arm of a T intersection. 

Unlike diagonal diverters and median barriers, this method leaves the interior of the 
intersection clear. The right-hand curb radius may need to be increased to accommodate 
the forced turn, and large trucks may not be able to negotiate it. 
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Signs and Markings 

Coordinated Traffic Lights - This strategy is usually thought of as facilitating traffic 
flow not calming it. It is usually employed to enable traffic to travel at a higher average 
speed than it could without coordination. But coordinated traffic signal timing also 
removes any advantage for motor vehicles to travel faster than the speed for which the 
traffic signals are timed. Of particular relevance to bicyclists is that a signalized arterial 
could be coordinated for bicycle speeds rather than motor vehicle speeds. This has been 
done in Portland, where downtown streets are timed at 14 mph. This can be done in San 
Francisco to reinforce lower speed limits or existing speed limits after careful 
consideration of delay, air quality and diversionary impacts. Air quality impacts should 
be minimal assuming motorists will quickly learn the optimal travel speed to avoid 
excessive idling. Supplemental signing posting the speed for which the signals are timed 
would shorten the learning curve. 

Changes in Surface 

Irregular or Textured Surfaces - Brickwork or pavers of various colors, shapes and 
patterns can be used to set off a crosswalk, the entrance to a pedestrian area, or the entire 
area itself. The warning is primarily visual, although motorists may notice mild noise or 
vibration. For bicycle safety, the surface should be free of steps, longitudinal or diagonal 
grooves, or other irregularities that could cause a fall, should not be slippery or become 
so when wet, and should not be so rough that it causes an uncomfortable ride. These 
concerns are not a problem with some common designs. Any proposed use of such 
textured pavements done in consultation with the Bicycle Coordinator and the BAC. 

Summary of Bicycle-Compatible Measures 

Assuming that the design guidelines just described are observed, the most bicycle-
compatible traffic calming measures are the following: 

• Speed humps, speed tables, and raised intersections can produce small but consistent 
speed and volume reductions, but only in their immediate vicinity. 

• Traffic circles are acceptable on streets whose volume is already fairly low, and 
moderately effective in reducing both speed and volume. 

• Reduced corner radii can slow the speed of turning traffic. They are most likely to be 
useful on a bicycle priority street in combination with other measures that operate 
midblock. But they can also be useful in making junctions with on- and off-ramps 
safer for bicyclists. The elimination of right-turn channelization pork chop islands 
would also slow turning traffic if the curb radii were also reduced. 

• Road closures (traffic barriers) are the most coercive and therefore most effective of 
all traffic calming measures. 

• Half closures are less intrusive, offer greater flexibility in placement, and allow 
emergency vehicles to pass. 

• Forced turn channelization can be highly effective if existing geometry permits it to be 
used, and is less coercive than road closures. It is a good substitute for diagonal 
diverters. 
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• Median barriers, like half closures and forced turns, prevent through vehicular 
movements but can be configured to permit other movements. If there is significant 
uncontrolled cross traffic, the median can include a bicycle refuge. 

• Traffic signals in downtown core areas (i.e. with signals every block) can be 
coordinated for a speed suitable to bicycle travel, e.g. 10 to 20 mph. 

• Textured surfaces have little effect by themselves, and would be most useful as a 
visual cue to reinforce more restrictive design features. 
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Bicycling in Muenster 
Stony Brook State University of New York 
http://www.geo.sunysb.edu/bicycle-muenster/bicycling-muenster-2.htm 
 

 
 
At this intersection the cars on a red light wait behind the lower white line. Bicycles have 
a separate left turn lane. Note how the bicyclers enter the left turn lane at a red light for 
the cars. 
 
 

Rumble Strips and Other Surface Treatments 
Traffic Calming 101 
Project for Public Spaces 
http://www.pps.org/info/placemakingtools/casesforplaces/livememtraffic 

The rumble strip provides visual and aural cues to alert drivers to areas that require 
special care (shopping centers, freeways undergoing construction work, schools, 
entrances to residential neighborhoods). Materials like granite and concrete are 
roughened by being broken into raised lines or patterns, and placed in strips across 
roadways, usually in a series. Drivers can lessen the vibration and the abrasive sound they 
create by slowing down. 

Changes in pavement color and texture (such as bricks or Belgian blocks), used in 
interesting and visually attractive ways, can also have the effect of rumble strips. These 
paving treatments also: delineate and create awareness of a pedestrian crosswalk or 
haven; make a street appear narrower than it is to deter speeding; define a street from a 
sidewalk or a parking lane. 
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Benefits and Drawbacks of Traffic Calming Measures 
Federal Highway Administration 
http://safety.fhwa.dot.gov/ped_bike/univcourse/swless11.htm 
 
Curb extension with cut outs for bicycles 

 

 

Measuring the Safety Effect of Raised Bicycle Crossings Using a New Research 
Methodology 
Transportation Research Board 
http://www.enhancements.org/trb%5C1636-010.pdf 
 
Paths with raised crossings attracted more than 50 percent more bicyclists and the safety 
per bicyclist was improved by approximately 20 percent due to the increase in bicycle 
flow, and with an additional 10 to 50 percent due to the improved layout.  
 
Raised crossings mean that the bicycle crossing is elevated to a level similar to sidewalks 
(so-called speed tables) and giving them red pavement to further accentuate them. A 
typical example of an elevated bicycle crossing is shown in Figure 1.  
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As can be observed, the pedestrian crossing is elevated as well—as a continuous sidewalk 
across the minor approach. Some of the crossings were raised by as much as 12 cm, 
having 20-cm-long ramps for crossing automobiles; others were raised by only 4 to 6 cm, 
having almost vertical, mountable curbs. All the bicycle “paths” run parallel to major 
streets (typically minor arterials), and the elevated crossings are all across minor streets.  

Naked Streets 
Toronto Star 
http://www.thestar.com/NASApp/cs/ContentServer?pagename=thestar/Layout/Article_Pr
intFriendly&c=Article&cid=1105614487492 

The implementation in a number of European communities of what some have 
dubbed "naked streets'' has been hugely successful. Urban planners in Holland, Germany 
and Denmark have experimented with this free-for-all approach to traffic management 
and have found it is safer than the traditional model, lowers trip times for drivers and is a 
boost for the businesses lining the roadway. The idea is that by removing traffic lights, 
signage and sidewalks, drivers and pedestrians are forced to interact, make eye contact 
and adapt to the traffic instead of relying blindly on whether that little dot on the horizon 
is red or green. Planners have found that without the conventional rules and regulations 
of the road in place, drivers tend to slow down, open their eyes to their environment and 
develop a "feel" for their surroundings. In effect, every person using the street, be it an 
SUV owner or a kid with a wagon, becomes equal. 
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No Signs, No Traffic Controls -- More Safety? 
Eliminating traffic control devices has reduced accidents in the Netherlands. 
http://www.thenewspaper.com/news/01/155.asp 

 

 

Netherlands Woonerf 
The National Center for Bicycling and Walking 
http://www.bikewalk.org/assets/pdf/CASE19.PDF 
 
 Drivers entering a woonerf must pass by a sign indicating the new rules that apply.  
No sidewalks are provided-the whole street is on the same level.  Regular shifts in the 
vertical and horizontal alignment, street furniture, play areas, designated parking spots 
and different surface materials all contribute to the feeling that priority rests not with the 
motor vehicle, but with residents on foot, children playing, and non-motorized users.  
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• Woonerven were only appropriate for streets with an already low flow of through 

traffic.  
• Access for emergency and service vehicles is always maintained.  
• Planners, engineers, and residents alike clamored for the introduction of woonerven.  
  Indeed, one problem experienced with their use was that residents living on the   
  streets wholly inappropriate for implementation of a woonerven, pressured their   
  governments to have their street changed.  
• Nationally, 70 percent of the Dutch population thought woonerven attractive or highly 

attractive.  
• Nonmotorized users assessed them more positively then motorized users. 
• Residents appreciated the low traffic volumes and absence of through traffic, but the 

bigger play areas and environmental improvements were even more of a benefit.  
• Injury accidents were reduced by 50 percent.  
• Vehicle speeds were reported to average 13-25 km/hour (8-15 mi/hr.).  
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As a result of this success, woonerven have become a routine feature of new residential 
area design. However, there have also been a number of problems identified with 
woonerven.  Retrofitting existing neighborhoods to become woonerven was prohibitively 
expensive.  The very strict design requirements of woonerven often could not be met.  
For example, traffic flows in inner city neighborhoods might exceed the low volume 
required for a woonerf and cause an overflow of traffic onto neighboring streets.   
 
Pedestrians complained that there was no designated or protected space for them without 
raised sidewalks.  Finally, the principles of woonerven could not legally be extended to 
shopping streets or village centers (winkelerven and dorpserven).  
Thus, in 1984, a Review Panel established by the Dutch Government reviewed the 
woonerf law and made a number of substantial changes.  14 strict design rules were 
reduced to just 6 basic principles, close to the original concept of the woonerf, but 
allowing more flexibility.  
 
1. The main function of the "erf' shall be for residential purposes.  Thus, roads within the 
"erf' area may only be geared to traffic terminating or originating from it.  The intensity 
of traffic should not conflict with the character of the "erf." In practical terms, conditions 
should be optimal for walking, playing, shopping, etc.  Motorists are guests. Within 
woonerven, traffic flows below 100 vehicles per hour should be maintained (300 vehicles 
per hour for winkelerven).  
 
2. To slow traffic, the nature and condition of the roads and road segment must stress the 
need to drive slowly.  Particular speed reducing features are no longer mandated, so 
planners can utilize the most effective and appropriate facilities.  
 
3. The impression shall not be created that the road is divided into a carriageway and 
sidewalk. Therefore, there shall be no continuous height differences in the cross-section 
of a road within an "erf." Provided this condition is met, a facility for pedestrians may be 
realized. Thus, space can be designated for pedestrians and a measure of protection 
offered, for example, by use of bollards or trees.  
 
4. The entrances and exits of "erven" shall be recognizable as such from their 
construction. They may be located at an intersection with a major road (preferable) or at 
least 20 meters (60 feet) from such an intersection.  
 
5. The area of a section of the road surface intended for parking one or more vehicles 
shall be marked at least at the comers.  The marking, and the letter PFHWA CASE Study 
No. 19 shall be clearly distinguishable from the rest of the road surface.  In winkelerven 
special loading spaces can be provided, as can short term parking with time limits.  
 
6. Informational signs may be placed under the international "erf' traffic sign to  denote 
which type of "erf " is present. These new laws were effective July 16, 1988.  In the 12 
years between the first "woonerf' law and the revised version, Dutch traffic engineers 
were busy with much more than just woonerven.  In addition to the problems identified 
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above, woonerven were only applicable in a particular type of low-volume street.  The 
need to tame traffic was far more widespread, and many of the techniques used in  
woonerven could readily be applied to other residential streets without some of the 
substantial costs involved in implementing full-scale woonerven. Two demonstration 
projects were established in 1977 in residential areas of Eindhoven and Rijswijk to 
compare the costs and benefits of a full-blown woonerven with Buchanan-style one-way 
street systems.  In between was a third trial area: streets with many woonerf style 
treatments such as speed humps, carriageway narrowing and parking management.  The 
woonerven was effective but expensive.  The simple traffic diversion method was cheap 
and largely ineffectual.  In between came what is now known as the 30 km/hr zone (18 
mi/hr) where significant speed and accident reductions could be achieved without the 
high costs of a woonerven.  
 
30 km/hr Zones 
Close to two hundred 30 km/hr (18 mi/hr) zones were created in the first 3 years and a 
series of evaluation studies was set in motion. Half of all the Dutch municipalities have 
realized one or more 30 km/hr-zones.  
• Recently, the effect on the number of injury accidents was studied and it was 

determined that the number of serious injury accidents had dropped by more than 30 
percent. 

• 33 percent reduction in through traffic  
85 percent of vehicle speeds between 20 and 30 km/hr (12-18 mi/hr) at speed humps,  
rising to 30 and 35 km/hr (18-21 mi/hr) between the humps 
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Green Street Examples 
 

Portland, Oregon’s Stormwater Curb Extension 

 

Guidelines for Planting City Boulevards, Vancouver, BC 
City of Vancouver 
http://www.city.vancouver.bc.ca/engsvcs/streets/greenstreets/ 

In the past, Engineering Services discouraged gardening on City boulevards for the 
following reasons: 

Utilities - Utility corridors are often located below boulevards. These may include high 
voltage street lighting conduit as well as water, sewer, gas, telephone and cable services. 
The City requires quick access to these utilities for maintenance reasons. Furthermore, 
the City cannot accurately predict the location of these services due to the many factors 
encountered in the field during layout. Consequently, digging on the boulevard was 
discouraged. 
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Access - In addition to the access required for maintenance of underground services, 
access for pedestrians must be maintained. This includes access between the curb and 
sidewalk and access for vehicle passengers exiting cars. 

However in response to the many queries the City receives each year about boulevard 
gardening, a demonstration project was developed by the Planning Department in 2001. 
This successful demonstration project addressed the issues of utilities and access and 
proved that gardening on boulevards could be accomplished. Boulevard gardens are now 
allowed within the following guidelines: 

Planning to Plant 

• There must be reasonable pedestrian access between the curb and the sidewalk. If there 
is no City sidewalk, access must be provided so pedestrians are not forced to walk on 
the road. 

• Plants should be perennials or shrubs that will grow less than one metre (3' 3") in 
height to ensure good sight lines. 

• Several of the plants should be evergreen or have winter interest for those months 
when the rest of the plants are dormant. 

• Contaminants from the roadway may affect consumables, therefore vegetable 
gardening is not encouraged. 

• No trees are allowed other than City-planted street trees. 
• No structures or ornaments are allowed since they can interfere with public safety and 

the City's ability to quickly access underground services. 
• Permanent installations such as in-ground irrigation systems are not permitted. 
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• Plants should be set back at least 30 cm (12") from a) the sidewalk to avoid 
overgrowth and b) the curb to allow for car door opening. 

• Fire hydrants must be easily visible and accessible from both the street and the 
sidewalk. A clearance of 1.5m (5’) must be maintained around hydrants for access, 
visibility and to ensure that plants do not interfere with the operation of the hydrant. 
Outside of the Fire Department, Waterworks and Sewers staff use the water from 
hydrants for a number of purposes. 

• For plant suggestions for boulevard gardens, refer to the drought-tolerant plant list       
(PDF 116kb) developed by Master Gardeners from VanDusen Botanical Gardens. 

 
More information on waterwise gardening can be found at 
http://cityfarmer.org/waterwiseGarden.html 
 
 

 

Preparing the Planting Area 

• Garden beds should be mounded 20 cm above the level of the existing sod to ensure 
adequate soil for plants and to protect underground services. 

• Remove the sod and shake it to ensure that only roots and grass are being removed. 
• In the interest of sustainability and good environmental practices, all sod removed from 

the boulevard should be composted on private property. By turning it upside down in a 
pile, the sod should decompose into useable compost within six months. The City's 
Yard Trimmings Collection Program does not accept sod. 

• It is recommended that soil or compost be mounded up to 20 cm (8") above the level of 
the previous sod. This ensures that there is adequate soil for plants to root and that 
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underground services are not disturbed. 
• To avoid weeds and toxins, it is recommended that only new, clean soil or compost be 

used. Check with nurseries and topsoil suppliers or call the City of Vancouver Landfill 
(604 940-3213) for information and prices regarding compost made from the City's 
Yard Trimmings Collection Program. 

• Water new plants regularly until they are well established. 
• Please note that gardens may have to be disturbed if there is a need for the City to 

access underground services, place new sidewalks, install signs or prune street trees. 
• Working Around Street Trees 
• All trees growing on the boulevard belong to the City of Vancouver and are under the 

care of the Park Board. When gardening around street trees please be aware of the 
following: 

• Take care not to cut any roots or branches 
• Keep soil or compost from contacting the bark. The root collar and trunk are made up 

of cells that are not specialized to resist constant soil moisture. Placing mulch or soil 
against the root collar and trunk can interfere with the tree's life-sustaining processes 
and could ultimately affect its health. 

• Do not place more than 10 cm (4") of soil or compost directly above tree roots. 
Excessive mulch retains surface water which promotes shallow rooting of trees. Deep 
rooted trees will survive drought stress more readily and are less susceptible to wind 
damage. 

• Soil or compost used around tree roots should be of a sandy texture (at least 50% sand 
by volume) to encourage good drainage. 

• Do not nail or tie signs, trellises or other fixtures to a street tree. 
• Plants should be set back at least 30 cm (12") from the sidewalk to avoid overgrowth 

 

Any questions or concerns regarding street trees should be directed to the Park Board 
Street Tree Hotline at 604-257-8600. 

The City of Vancouver is committed to reducing the unnecessary use of pesticides. 
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Pesticide use on private property is a cause of concern from both a public health and an 
environmental perspective. For pest problems, consult with your local garden centre or 
the VanDusen Master Gardeners for information on the least toxic methods of pest 
control. 

For further information about boulevard gardening call: Engineering 604-873-7204, 
Planning 604-873-7679 

 

Seattle’s Natural Drainage Systems 
Sustainable NYC, Design Trust for Public Space 
http://www.nyc.gov/html/oec/downloads/pdf/sustainable_nyc_final.pdf 
 
Among the city’s celebrated natural resources are rich local fisheries. Pacific salmon, 
steelhead trout, and other species return from the open ocean to spawn in Seattle’s rivers 
and streams. However, rapid growth and sprawl has led to increased stormwater runoff. 
According to the Seattle Post-Intelligencer, “dirty storm water is suspected in recent 
years of killing Seattle salmon [and hatchery fish] before they spawn” (Stiffler, 2005). As 
a result, the City of Seattle and the Washington Department of Ecology have launched 
programs to protect and improve the health of  Seattle’s freshwater ecosystems, 
particularly through management of stormwater in urban areas.  
 
WHAT ARE SEATTLE’S NATURAL DRAINAGE SYSTEMS?  
 
Natural drainage systems (NDS) are civil structures and biological systems engineered to 
use soil and plants to fulfill the function of traditional infrastructure, such as gutters, 
catch basins, and sewage pipes. “The natural drainage systems approach to these 
problems is simple in concept: restore and utilize the environment to do the work it was 
intended to do” (ibid., p. 10). Impervious surfaces — that is, surfaces such as pavement 
that block the flow of water — can be replaced by surfaces that absorb water, and 
therefore avoid concentrating surface pollutants from passing cars in runoff waters.  
 
The first application of these principles was called the Street Edge Alternative (SEA) 
project. The City of Seattle has also gone on to apply these principles to increasingly 
large and dense urban projects, including the Broadview Green Grid, an entire 
neighborhood encompassing 15 city blocks, and the High Point Project, one of the largest 
mixed-income housing redevelopments in Seattle’s history, with 1,600 units on 34 blocks 
of new streets. 
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Principles of the NDS approach include the following: 
 
ADDITION OF NATURAL VEGETATION ALONG CITY STREETS  
The NDS approach adds vegetation along street edges in a network of swales, gardens, 
and cascades, allowing stormwater to be absorbed directly into the ground or channels for 
drainage.  
 
REPLACEMENT OF IMPERVIOUS SURFACES BY POROUS SURFACES  
The NDS approach proactively removes existing impervious surfaces, such as city streets 
and pavement, and replaces them with porous surfaces and stormwater gardens that result 
in less runoff, reducing the scale of the eventual ‘downstream’ problem.  
 
TRAFFIC AND STREET RECONFIGURATION  
Narrower streets generate less runoff. Streets were redesigned not only to be narrower, 
but also to include new sidewalks for pedestrians and slaloming curves to slow traffic. 
Although municipal traffic engineers and emergency-response professionals were 
initially concerned that narrower streets would slow traffic and the response of public 
services, the success of the pilot project gradually gained their acceptance and approval 
(Levitt & Bergen, 2004).  
 
INNOVATIVE ASPECTS OF SEATTLE’S NATURAL DRAINAGE SYSTEMS  
APPLICATION IN DENSE URBAN AREAS  
The Street Edge Alternative program began as an experiment in a low-density residential 
neighborhood Narrow streets, bordered by beds of dense planting, allow for minimized 
run-off and natural infiltration. The Street Edge Alternative project (top, left and right) 
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served as a pilot for these approaches, which were then applied when building the 15-
block Broadview Green Grid neighborhood (below, left and right). 
 
The subsequent success of the program led the public works agency to address the 
stormwater infrastructure needs of increasingly large and dense urban areas, 
demonstrating the applicability of these innovative techniques on not just relatively 
undeveloped “greenfield” sites, but also in the high-density built environment typical 
throughout Seattle and other cities.  
 

 
 
The High Point Project, a 34-block mixed income development, incorporates such natural 
drainage systems as this grassy swale (above), which absorbs run-off from the street. 
 
A SYSTEMATIC APPROACH TO STORMWATER MANAGEMENT  
As part of the project, Seattle Public Utilities established a memorandum of 
understanding with the University of Washington’s Center for Urban Water Resources to 
evaluate the success of the various projects, adding a strong aspect of quantitative 
monitoring, testing, and analysis to the program (Horner et al., 2002). Results of this 
evaluation will be cited in the sections that follow.  
 
MINIMIZED MAINTENANCE COSTS  
Seattle Public Utilities also made active efforts to engage resident organizations in the 
regular clean-up and maintenance of street gardens, minimizing the ongoing costs of 
government maintenance (Levitt & Bergen, 2004).  
 
BENEFITS OF SEATTLE’S NATURAL DRAINAGE SYSTEMS  
STEWARDSHIP OF NATURAL RESOURCES  
Studies of the SEA program suggest that over the two-block area that was monitored 
during the first two years of operation, the transmission of pollutants through stormwater 
runoff was reduced by 98% and stormwater flow velocities were reduced by 
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approximately 20%, compared to a conventional street and gutter system (Horner et al., 
2002). These sizeable reductions in runoff significantly reduce environmental pollutants, 
including such toxic organic compounds as hydrocarbons and pesticides, as well as oils 
and greases, nutrients, and heavy metals. Pollutants in stormwater runoff affect natural  
ecosystems negatively; for example, creeks that are heavily affected by urban runoff have 
diminished biodiversity, including the replacement of native species and vegetation by 
pollution-tolerant organisms, as well as diminished growth and health of individual 
species and communities (Heaney et al.,1998). Urban stormwater also directly affects 
groundwater quality and may introduce pollution from pesticides, organic compounds, 
pathogenic microorganisms, heavy metals, salts, and nutrients such  
as nitrogen fertilizers.  
 
HEALTH AND PRODUCTIVITY  
Residents and community activists have enthusiastically supported the NDS approach in 
their neighborhoods because it improves quality of life by adding trees and plantings that 
have visual and aesthetic appeal, by adding sidewalks where there were none before, and 
slowing the speed of local traffic. Some residents believe that their property values have 
risen after installation of the NDS systems, though no study has been done to date (Levitt, 
2004).  
 
EFFICIENT GOVERNMENT  
In addition to the inherent environmental benefits of using the NDS approach, the City of 
Seattle has found that it is also more cost-effective. Seattle Public Utilities estimates that 
the construction of infrastructure based on the NDS approach costs 25% less than 
traditional roadside stormwater systems, because reducing runoff at the source reduces 
the need to build additional pipes and holding tanks. These cost savings do not include 
the additional economic benefits of carbon sequestration, additional trees and other 
plantings, cleaner water, and replenished groundwater (ibid.).  
 
EDUCATION  
Seattle’s NDS projects have built local and international awareness of sustainable 
infrastructure, while also creating a body of research materials suitable for use by 
professionals and scholars. On the local level, residents have been involved in many 
stages of planning and implementation of individual NDS components. More broadly, 
Seattle’s engagement in these innovative pilot programs has generated significant interest 
from the press and from jurisdictions worldwide. Finally, the strong  
link between the City and researchers from the University of Washington ensures that the 
effectiveness of the program is studied quantitatively and can be rigorously applied 
elsewhere (Levitt & Bergen, 2004).  
 
Porous infiltration zones, under drains (left) and along roadways (center), capture the 
sudden surges in run-off(right) that are typical during rainstorms. 
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Benefits of Traffic Calming 
 

San Francisco Bicycle Advisory Committee 
Bicycle Plan - Part 6 
http://www.sfgov.org/site/bac_page.asp?id=11544#P45_4180 
 
 
Traffic calming can reduce traffic volume, traffic speed, and accident rates, but its direct 
effect on bicyclists have received little attention and has not been well documented. Case 
Study No. 19 of the Federal Highway Administration's National Bicycling and Walking 
Study, Traffic Calming, Auto-Restricted Zones and Other Traffic Management 
Techniques - Their Effects on Bicycling and Pedestrians, despite its title, reports only a 
small number of observations: 

• In the small town of Buxtehude, Germany, bicycle use doubled in the four years since 
a traffic calming project was finished. Bicycle accidents also rose, but they were 
primarily non-injury accidents. The fractions of accidents in which bicyclists were at 
fault fell from 45 to 35 percent. 

• In the Berlin-Moabit area, bicycle use increased by 50 percent, and there was a 16 
percent reduction in cyclist accidents. 

• In the Koraku section of Minato-ku, Nagoya, Japan, bicycle volume rose along most 
traffic-calmed routes. 

• Groningen, the Netherlands, divided its central area into traffic cells whose boundaries 
private motor vehicles were not permitted to cross. To travel from one cell to another, 
drivers must return to a ring road. Bicycling increased substantially, and now 
constitutes over 50 percent of all trips. 

• Bicycle use doubled between 1976 and 1986 in the city of Freiburg, Germany, which 
has an extensive network of pedestrianized streets, traffic-calmed streets, and bike 
paths. 

• In Vinderup, Denmark, the speed limit on a through road was lowered to 40 km/h (24 
mph), and bike paths were constructed along it. Seventy-five percent of bicyclists 
reported feeling safe riding on the street, compared to 17 percent before the changes 
(although it is not clear whether the bicyclists were referring to the street or the paths). 
In addition, 54 percent thought it was easier to cross the road. In Skaerbaek, where 
similar changes were instituted, bicyclists reported it is had become easier to cross the 
road, although it took longer to do so. 

• Bicycle traffic on the Palo Alto Bicycle boulevard almost doubled over previous 
levels, and anticipated problems failed to materialize. The bicycle boulevard is 
discussed at length later in this chapter. 
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• Bicycle traffic increased on the Berkeley slow street. The bicycle community was 
reluctant to endorse speed humps, although they had no documented adverse effects. 

• Bicyclists felt adversely impacted by STOP signs introduced for neighborhood traffic 
management in St. Paul Minnesota. 

It is plausible that a decrease in motor vehicle volume and speed would reduce the chance 
of car-bike collisions, everything else being equal (which is not necessarily the case), 
however, the hard evidence for improved safety must be considered slight. However, 
these accounts do show a clear change in bicycle use and in bicyclists' perception of road 
safety. 

 

Implications of Reduced Traffic Speeds on the Urban Environment 
http://www.walkablestreets.com/speed.htm 
 
General Pedestrian Environment 
 
Because a vehicle's kinetic energy, sound, and the difficulty of seeing the driver all 
increase dramatically with vehicular speed, speeds at or below 20 mph are also the speeds 
that are generally the most aesthetically pleasing for pedestrians and bicyclists. Pedestrian 
perceptions are also very important; it has been noted that it is actually the "feeling of 
being unsafe, the experience of a certain threat emanating from traffic" that ends up 
dedicating street to primarily vehicular travel and discouraging pedestrian traffic.3 
 
 Air Pollution 
Although it is commonly believed that slowing down traffic will increase emissions, 
recent research has shown that the greater the speed of vehicles in built-up areas, the 
higher is the proportion of acceleration, deceleration and braking, all of which increase 
air pollution. By contrast, the research indicates that lower traffic speeds as a result of 
traffic calming measures, can reduce idle times by 15%, gear changing by 12%, brake use 
by 14%, and gasoline use by 12%. 
In fact, the Federal Highway Administration reports that German traffic calming 
experience shows that with a reduction of speed from 23 mph to 12 mph, traffic volume 
remained constant, while air pollution decreased between 10% and 50%. 

The reasoning behind this is cars achieve near-maximum fuel-consumption efficiency at 
a very low speed. For instance, in most cars, fuel consumption reaches efficiency at 
speeds over 9 mph; heavier trucks achieve maximum efficiency at 22 mph. Hence, fuel 

                                                
3 Donald Appleyard, 1981; Peter Calthorpe, 1993; City of Toronto Traffic Calming Policy; 1994, Devon 
County Council Traffic Calming Guidelines, 1991; Fernandez, John. 1994; 
Institute for Transportation Engineers, 1997; Oregon DOT, 1995; Organization for Economic Development 
and Co-Operation, 1979; Eric Uhlfelder, 1997; Richard Untermann, 1984 
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efficiency is related to minimum, not maximum, speeds that are within pedestrian safety 
limits. Reductions in Vehicle Emissions and Fuel Use from 30 mph to 18.6 mph: 

Carbon Monoxide -13% to -17% 
Hydrocarbons -10% to -22% 
Nitrogen Oxides -32% to -48% 
Fuel Consumption -7%4 
 
   

Traffic Volume 
The variables involved in the planning design and operations of signalized arterial streets 
include: traffic speed; signal cycle length; signal spacing, and; efficiency of progression. 
As such, it is difficult to determine the exact impact of reduced traffic speeds on a 
roadway's carrying capacity. For example, it is generally accepted that traffic flow is 
maximized at 35 to 40 mph. However, studies have pegged the flow- maximizing speed 
at anywhere from 9 to 45 mph, depending in part on the type of the roadway. 
European traffic calming experience has shown that traffic volumes can be maintained 
despite a reduction in traffic speeds. In fact, there are numerous cases where mid-block, 
travel lanes where reclaimed as bike lanes or parkway without resulting in a reduction in 
traffic volumes.5 
 
Space Pollution 
The faster cars and trucks move, the more road space they require due to increases in 
following distances required to maintain safety margins.6 
  
Traffic Safety 
Pedestrians are usually not seriously injured when hit by a car moving at a speed of less 
than 20 mph at the time of impact, noting that "if impact speeds are between 20 and 35 
mph, injuries are usually serious, while at or above 35 mph they usually endanger life or 
are fatal". The total required stopping distance increases by a factor of somewhat more 
than three when vehicular speed doubles from 20 to 40 mph. Due to driver reaction time, 
a vehicle traveling 20 mph will travel approximately 73 feet before it even begins to slow 
down from the effects of a braking action. At 40 mph, this reaction-distance doubles to 
147 feet of vehicle travel before the vehicle begins to slow from braking. 
The actual distance traveled by the vehicle as it slides to a stop after the brakes have been 
applied is five times more at 40 mph than at 20 mph (increasing from 33 to 167 feet); this 
is also a function of physics not related to driver skill or awareness. Even if an increase of 
only 10 mph is evaluated (from 20 to 30 mph), 2.5 times the braking distance alone is 
required to stop (33 to 86 feet). 
 

                                                
4 Kenworthy and Newman, 1992; Michael Replogle, 1993; Scottish Department of Transport, 1992; 
Richard Untermann, 1991 
5 V.G. Stover, 1991; Reid Ewing, 1996 
6 Wolfgang Zuckermann, 1991 
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The total kinetic energy associated with a moving vehicle is related to the square of the 
velocity of that vehicle. A vehicle's kinetic energy can also be subjectively perceived by 
most pedestrians by the noise associated with the moving vehicle. Not surprisingly, the 
level of pedestrian injury that is likely if a pedestrian is struck by a moving vehicle also 
increases with the square of an impacting vehicle's velocity. 
 
In the event of a pedestrian being struck by a motor vehicle there is also a secondary 
impact that occurs when the pedestrian strikes the ground. With some further analysis, it 
can readily be determined that the risk of very serious injury to a pedestrian increases 
dramatically as the speed of the impacting vehicle exceeds 20 mph. This increase in risk 
is due to the effects of both the initial and the secondary impacts. 
 
The probability of fatal injury becomes likely from initial impact alone as vehicular 
speeds reach and exceed approximately 35 mph. Rudolph Limpert, in his text Motor 
Vehicle Accident Reconstruction and Cause Analysis, states that "analysis of 
car/pedestrian accident statistics have shown that the probability of (the pedestrian) 
receiving fatal injuries is 3.5% at 15 mph, 37% at 31 mph and 83% at 44 mph".7 
 
  

28 Reasons to Bike 
University of Central Florida 
http://www.environment.ucf.edu/bikepath/27%20Reasons%20to%20Bike.htm 
 
Residents in neighborhoods with suitable street environments tend to walk and bicycle  
more, ride transit more,8 and drive less than comparable households in other areas.9  
One study found that residents in a pedestrian friendly community walked, bicycled, or  
rode transit for 49% of work trips and 15% of their non-work trips, 18- and 11-  
percentage points more than residents of a comparable automobile oriented community.10 
 
 

Make 20 Mph The Default Speed Limit In Community Streets 
http://www.livingstreets.org.uk/file.php?fileid=208 
 
Benefits of reduced speeds and fewer cars to bicyclists, pedestrians and residents: 

                                                
7 County Surveyor's Society, 1994; Federal Highway Administration, 1997; Institute for Transportation 
Engineers, 1997; Scottish DOT, 1992 
8 Project for Public Spaces, Transit-Friendly Streets: Design and Traffic Management Strategies to  
Support Livable Communities, TCRP Report 33, TRB (Washington DC; www.nas.edu/trb), 1998.  
9 Parsons Brinckerhoff, The Pedestrian Environment, 1000 Friends of Oregon (Portland;  
www.teleport.com/~friends), 1993; Andrew Clarke, Traffic Calming, Auto-Restricted Zones and Other  
Traffic Management Techniques: Their Effects on Bicycling and Pedestrians, National Bicycling and  
Walking Study, #19, FHWA (Washington DC; www.bikefed.org), 1994. 
10 Robert Cervero and Carolyn Radisch, Travel Choices in Pedestrian Versus Automobile Oriented  
Neighborhoods, UC Transportation Center, UCTC 281 (http://socrates.berkeley.edu/~uctc), 1995. 
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• increased safety 
• reduced noise pollution 
• reduced ingestion of fumes 
 
The Commission for Integrated Transport found that 20 mph zones were “the one critical 
success factor underpinning the best practice” in balanced use of street space in a 2001 
study of European Best Practice in Transport. The study found that when 20 mph zones 
covered between 65% and 85% of the urban road network, cities were transformed from 
being noisy polluted places into vibrant people-centered environments.  
 
At 20 mph a pedestrian has only a 5% chance of being killed in a collision with a car but 
at 40 mph has only a 5% chance of surviving. There is a close association between speed 
reduction and crash reduction – every 1 mph an hour reduction in speed is accompanied 
by an average 5% decrease in crashes and 7% decrease in fatalities.1 

 
As the difference in speed between drivers and pedestrians diminishes, pedestrians 
remain in driver’s field of sight for longer and thus drivers become more aware of the 
need to allow for pedestrians e.g. crossing the road. In addition as the speed of traffic in a 
street is reduced the street becomes a more attractive place for residents and their children 
to spend time outdoors.2. Finally, even drivers benefit because lower speeds maximize 
the capacity of the highway network and thus reduces congestion.  
 
Such a new speed limit is even likely to be economical to implement. There are around 
13,000 Km of borough roads in London and in 2002 there were 177 fatal, 3,839 serious 
and 25,428 slight casualties. If 60% of the borough road network were treated, the killed 
and seriously injured number for the treated network could be expected to fall from 2,410 
to around 1,040. This would equate to an annual saving of around £248 million. The cost 
of installing 20 mph on 60% or around 8000 Km of the borough road network has been 
very roughly estimated at £230 million. In summary making 20 mph the default speed 
limit on community streets would rapidly pay for itself in savings in the costs of health 
care and emergency services.  
 
The Department for Transports estimates that the total value of the prevention of all road 
accidents to be £17.76 billion4. Speed is a factor in between 15% and 37% of all road 
collisions5. 
 

Reducing Traffic Injuries Resulting From Excess And Inappropriate Speed 
European Transportation Safety Council, January 1995 
http://www.etsc.be/documents/Reducing%20traffic%20injuries%20from%20excess%20a
nd%20inappropriate%20sp.pdf 
 
Research and international experience show that the frequency and severity of accidents 
tend to decrease with decreases in average speed.  A 1 mile/h decrease in average traffic 
speed results typically in a 2 percent decrease in accident frequency. Variation in speed 
between vehicles within the traffic stream is also associated with accident occurrence.  
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There is also a clear relationship between speed and the severity of injury. The higher the 
impact speed, the greater the likelihood of serious and fatal injury. For car occupants in 
accidents with impact speeds of 50 miles/h the likelihood of death is 20 times that of an 
impact speed of 20 miles/h (IIHS, 1987).  This relationship is particularly critical for the 
vulnerable road user.  Whereas 5 per cent of pedestrians struck by a vehicle travelling at 
20 miles/h die; at 30 miles/h 45 per cent die, and at 40 miles/h, 85 percent die.11  
 

Traffic Calming Benefits, Costs and Equity Impacts 
Victoria Transport Policy Institute, December 1999 
http://www.contextsensitivesolutions.org/content/reading/traffic-calming-
2/resources/traffic-calming-benefits/ 
 

  
(31) Traditional Neighborhood Development Street Design Guidelines, Institute of 
Transportation Engineers (Washington DC; www.ite.org), June 1997, p. 18. 
 
Other researchers conclude that, “small reductions in traveling speed translate into large  
reductions in impact speed in pedestrian collisions, often to the extent of preventing the  
collisions altogether.”12 They predict that a 3 mile/h reduction in urban traffic speeds 
could reduce pedestrian fatalities by 30%. In 10% of cases the collisions would be 
avoided and in 20% an otherwise fatal collision would become non-fatal, with 
comparable reductions in severity for non-fatal accidents. The researchers find that 
limiting speed reductions to residential areas would have a much smaller benefit, since 
more than 85% of fatal pedestrian collisions occur on non-local roads such as arterials. 
Eliminating driving above the posted speed limits would reduce an estimated 13% of 
pedestrian fatalities.  
 
Experience indicates that traffic calming programs do significantly reduce traffic crash  

                                                
11 Schweizerische Beratungsstelle für Schadenverhütung, 1976; Ashton and Mackay,  
1979 
 
12 A.J. McLean, et al., “Vehicle Travel Speeds and the Incidence of Fatal Pedestrian Collisions,” Accident  
Analysis and Prevention, Vol. 29, No. 5, 1997, pp. 667-674.  
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frequency and severity.13 Studies show long-term crash and injury reductions of 15-40%, 
and even greater reductions in pedestrian injuries.14 One recent before-and-after study  
found that traffic calming reduced collision frequency by 40%, vehicle insurance claims 
by 38%, and fatalities from one to zero.15 This provided a very favorable six-month 
payback on project expenses from insurance claim savings alone.  
 
Traffic calming tends to improve pedestrian and cycling conditions.16 Reduced vehicle  
traffic speeds and volumes tend to make walking17 and cycling18 safer, more comfortable 
and more convenient. Many people place a high value on street design features that 
improve safety and mobility for non-motorized transportation.19 A 1995 Harris poll found 
that 70% of U.S. adults want better local facilities for non-motorized transportation.20 A 
market survey found that 80% of Canadians would like to walk more, and 66% would 
like to cycle more than they currently do.21 Many homebuyers want residences in 
neighborhoods with narrow streets that limit vehicle traffic.22  
 
Vehicle travel reductions can be estimated using values of the elasticity of vehicle travel  
with respect to travel time, which ranges from about -0.2 in the short term up to -1.0 over  
the long term.23 Thus, if a comprehensive traffic calming program reduces average travel  
speeds by 10%, it can be estimated that total vehicle travel would decline 2% in the short  
term and up to 10% over the long term.  
 

                                                
13 Andrew Clarke, Traffic Calming, Auto-Restricted Zones and Other Traffic Management Techniques:  
Their Effects on Bicycling and Pedestrians, National Bicycling and Walking Study, #19, FHWA  
(Washington DC; www.bikefed.org), 1994. 
14 Steve Proctor, “Accident Reduction Through Area-Wide Traffic Schemes,” Traffic Engineering &  
Control, Vol. 32, No. 12, Dec. 1991, pp. 566-572.  
15 Sany R. Zein, Erica Geddes, Suzanne Hemsing and Mavis Johnson “Safety Benefits of Traffic  
Calming,” Transportation Research Record 1578, 1997, pp. 3-10. 
16 Rhys Roth, Getting People Walking: Municipal Strategies to Increase Pedestrian Travel, WSDOT  
(Olympia; www.wsdot.wa.gov/ta/t2/t2pubs.htm), 1994.  
17 Ellen Vanderslice, Portland Pedestrian Design Guide, Pedestrian Transportation Program, City of  
Portland (503-823-7004; www.trans.ci.portland.or.us), 1998. 
18 David L. Harkey, Donald W. Reinfurt, J. Richard Stewart, Matthew Knuiman and Alex Sorton, The  
Bicycle Compatibility Index: A Level of Service Concept, Federal Highway Administration  
(www.hsrc.unc.edu/research/pedbike/bci), 1998. http://ntl.bts.gov/DOCS/98072/ch06/ch06_01.html 
19 Daniel Carlson, Lisa Wormser and Cy Ulberg, At Road’s End: Transportation and Land Use Choices  
for Communities, Island Press (Washington DC; www.islandpress.org), 1995.  
20 Cited in Trails for Transportation, National Bicycle and Pedestrian Clearinghouse Technical Assistance  
Series, Number 3 (www.bikeped.org), 1995. 
21 Environics, National Survey on Active Transportation, Go for Green, (www.goforgreen.ca), 1998.  
22  “Neighborhoods Reborn,” Consumer Reports, May 1996, pp. 24-30.  
23 Harry Cohen, “Review of Empirical Studies of Induced Traffic,” Curbing Gridlock, Appendix B,  
National Academy Press (Washington DC; www.nas.edu/trb), 1994, pp. 295-309. 
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(64) Todd Litman, Quantifying Bicycling Benefits for Achieving TDM Benefits, VTPI 
(www.vtpi.org), 1998. 
 
 
Traffic calming generally reduces traffic noise.24 Speed reductions from 20 to 30 mph  
typically reduce noise levels by 4-5 decibels,25 or more in some circumstances.26 
Strategies that reduce traffic speeds to about 20 mph and smooth traffic flow reduce air 
pollution, while those that increase stops may increase emissions. Actual impacts vary 
depending on specific conditions. Measures that cause more frequent acceleration, and 
some textured road surfaces, can increase noise and air emissions. One study found that 
installing six speed humps on a previously 25 m/hr road increased NOx emissions 10 
times, CO emissions 3 times, and fuel consumption from 2 to 3 gallons per 60 miles.27 
Strategies resulting in constant, moderate speeds provide the greatest benefits.  
 

 
(69) Michael Replogle, “Minority Statement,” Expanding Metropolitan Highways, 
Transportation Research  
Board/National Academy Press (Washington DC; www.nas.edu/trb), 1995, p. 369.  
 
 
Traffic calming helps make public streets lively and friendly, encourages community  
interaction, and attracts customers to commercial areas.28 As traffic increased on a street,  
residents tended to have fewer friends and acquaintances among their neighbors, and the  

                                                
24 Traffic Calming: Traffic and Vehicle Noise, Department of the Environment, Transport and the Regions 
(UK; www.roads.detr.gov.uk/roadnetwork/ditm/tal/traffic/06_96/item1.htm), 1996.  
25 Tim Pharoah and John Russell, Traffic Calming: Policy and Evaluations in Three European Countries,  
South Bank Polytechnic (London), February 1989.  
26 Take Back Your Streets, Conservation Law Foundation (Boston; www.clf.org), May 1995, p. 27.  
27 Quoted in Daily Express (London), October 1995. 
28 Suzanne Crowhurst Lennard and Henry Lennard, Livable Cities Observed, Gondolier (Carmel) 1995.  
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area they consider “home territory” declined.29 
 
Traffic calming is also used to discourage extreme anti-social behavior.30 Neighborhoods 
that are more difficult to drive through (narrow streets, few straight thoroughfares) have 
significantly less crime than those that are more permeable. After closing off residential 
streets to through traffic, researchers found that “Without the heavy traffic of the past, 
internal streets could be ‘taken back’ and used for play by children and other forms of 
interaction among neighbors.”31 In a Dayton, Ohio case study, traffic calming reduced 
neighborhood crime by 25-50% and encouraged residents to get to know their neighbors 
better and become more involved in community activities.32 A survey of residents found 
that many knew their neighbors better and were more involved in community activities 
after these changes.  
 
One study found that traffic restraints that reduced traffic volumes on residential streets 
by several hundred vehicles per day increased house values by an average of 18%.33 
Other studies find similar results.34  
 
A rough estimate is that each reduction of 100 vehicles per day below 2,000 provides a 
1% increase in adjacent residential property values.35 Traffic speed reductions also 
increase adjacent residential property values by reducing noise. A 5-10 mph reduction 
can increase adjacent residential property values by about 2%.36 Similar  
benefits may occur in commercial areas where traffic calming enhances the street  
environment.  
 

                                                
29 Donald Appleyard, Livable Streets, University of California Press (Berkeley), 1981.  
30 Mark Jones and Kenneth Lowrey, “Street Barriers in American Cities,” Urban Geography, Vol. 16,  
No. 2, 1995, pp. 112-122. 
31 Henry Cisneros, Defensible Space, HUD (Wash. DC; www.huduser.org), 1995.  
32 Stephen Burrington & Bennet Heart, City Routes, City Rights, Conservation Law Foundation (Boston;  
www.clf.org), 1998.  
33 Gordon Bagby, “Effects of Traffic Flow on Residential Property Values,” Journal of the American  
Planning Association, Vol. 46, No. 1, January 1980, pp. 88-94. 
34 William Hughes and C.F. Sirmans, “Traffic Externalities and Single-Family House Prices,” Journal of  
Regional Science, Vol. 32, No. 4, 1992, pp. 487-500. 
35 Based on Bagby, 1980. More research is needed to better quantify these values. 
36 M. Modra, Cost-Benefit Analysis of the Application of Traffic Noise Insulation Measures to Existing  
Houses, EPA (Melbourne), 1984. 
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(90) Making Streets that Work, City of Seattle (www.ci.seattle.wa.us/npo/tblis.htm), 
1996.  
 
Current experience indicates that traffic calming projects do not cause significant liability  
claims. A 1997 survey found that out of more than 1,500 total lawsuits brought against  
traffic engineers in 68 jurisdictions, only 6 involved traffic calming devices, and only two  
were successful.37 Some traffic calming techniques can cause delay and other problems 
for fire trucks and heavy service vehicles (buses, garbage trucks and snowplows). One 
study found that speed humps and traffic circles can delay fire trucks up to 10.7 seconds 
per device, depending on vehicle type and conditions.38 
 
Here are other ways to minimize these problems:  
1. Establish extra large no-parking zones adjacent to fire hydrants to help fire trucks 
maneuver.  
2. Limit the use of skinny streets to low- and medium-density residential neighborhoods.  
3. Limit the use of skinny streets to streets which are part of an interconnected network of 
streets  
(i.e., connected on both sides to other public streets, no cul-de-sacs).  
4. Avoid skinny streets on primary emergency vehicle routes.  
5. Prohibiting parking within 50' of an intersection (to allow fire trucks to make the turn).  
 
Many people assume vehicle user fees pay for public roads, so motor vehicles should 
have first priority in roadway use. In fact, vehicle user taxes cover only a small portion of 
local road costs, which are mostly funded by local taxes.39 As a result, residents, 

                                                
37 Ransford S. McCourt, Survey of Safety Programs, ITE Traffic Engineering Council  
(www.westernite.com/technical/signalsurvey/ntm), 1997. 
38 Crysttal Atkins and Michael Coleman, “Influence of Traffic Calming on Emergency Response Times,”  
ITE Journal, August 1997, pp. 42-47; www.trans.ci.portland.or.us/Traffic_Management/trafficcalming. 
39  1997 Federal Highway Cost Allocation Study, USDOT (www.ota.fhwa.dot.gov/hcas/final); Todd  
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pedestrians and cyclists have a claim equal or greater than that of motorists to have roads 
that meet their needs, even based on the narrow criteria of who funds the facilities.  
 
Traffic Calming Evaluation Example  
This example illustrates the evaluation of a major traffic calming program in an urban  
neighborhood with 5,000 residents living in 2,000 households.  
Road Safety Benefits  
 
Historical data indicates that there are an average of 50 PDO crashes, 10 injury crashes,  
and 0.02 fatal crashes (i.e., one fatality every 50 years) on the roads to be traffic calmed.  
The state transportation agency values traffic safety improvements at $3,000,000 per  
fatality, $50,000 per injury accident, and $2,500 per PDO avoided. The traffic calming  
program is predicted to reduce crashes by 40%. The results, summarized in Table 11,  
indicate safety benefits are valued at $274,000 per year. 
 

 
Increased Pedestrian and Cyclist Mobility  
Area households currently generate an average of 1.9 non-motorized trips per day. Traffic  
calming is predicted to increase this by 10% or more, to 2.1+ trips per day. At least 1.5  
million annual non-motorized trips (2.1 trips per day x 2,000 households x 365 days)  
representing 17% of household trips could benefit.  
 
Reduced Automobile Impacts  
In this example, half of the additional walking and bicycling trips are assumed to replace  
an automobile trip, a reduction of 0.1+ motor vehicle trips per household per day. This  
represents at least 73,000 fewer automobile trips. Reduced vehicle use is estimated to  
provide net benefits totaling about $146,000 per year, assuming $2.00 savings per trip.  
 
Local Environmental Benefits  
Traffic noise is predicted to decline on 15 residential streets with 750 residences and 10  
businesses. Air pollution impacts are considered uncertain and too small to measure.  
Increased Neighborhood Interaction and Crime Prevention  
A survey of residents indicates that they value opportunities to increase neighborhood  
interaction, particularly because it may reduce crime. This impact is not quantified. 
 
                                                                                                                                            
Litman, Whose Roads?, VTPI (www.vtpi.org), 1998. 
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Traffic Calming Benefits, Costs and Equity Impacts  
 
Property Values  
Five residential streets are predicted to have an average of 200 fewer vehicles per day,  
resulting in a 2% increase in property values. Another ten streets will have average traffic  
speeds reduced by 5 mph, resulting in a 1% increase in property values. This benefit 
totals $1 million, with an annualized value of about $53,000, as indicated in Table 12.  
 

 
 
Project Expenses.  
The project has capital costs of $800,000 and $5,000 annual increased maintenance costs.  
 
Vehicle Delay.  
Traffic surveys indicate that the roads being calmed in this project carry 4,600,000 motor  
vehicle trips annually. Average speeds are predicted to decline from 25 mph (2:24 
minutes per mile) to 20 mph (3:00 minutes per mile) for 0.5 miles, adding 18 seconds to 
an average trip. This increases travel time by 23,000 hours per year, a cost of $138,000 
per year at $6 per vehicle hour, if motorists do not change routes or destinations. As 
described earlier, delays actually tend to decline over time as travel and land use patterns 
achieve a new equilibrium. The actual delay cost is estimated to start at $110,000 (80% 
of $138,000) when the project is implemented, and decline to zero over a ten-year period.  
 
Traffic Spillover On Other Streets  
In this example, spillover traffic onto other residential streets is expected to be minimal,  
since the program is comprehensive. Traffic increases on arterials are proportionally 
small (400-800 additional vehicles per day on roads carrying 20,000 vehicles per day). 
This may slightly increase arterial traffic congestion.  
                                                
Traffic Calming Benefits, Costs and Equity Impacts  
 
Problems For Emergency Vehicles, Service Vehicles And Snow Removal  
Traffic calming strategies selected for this project are designed to accommodate service  
vehicles. Average fire truck emergency response time is predicted to increase by 2 
seconds in the traffic calmed area. This impact is considered too small to quantify.  
 
Increased Drivers’ Effort And Frustration  
Some drivers who are unfamiliar with traffic calming devices are expected to be 
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confused, and drivers who currently exceed the speed limit are expected to be frustrated 
by the traffic calming project. These are both considered short-term effects that should 
soon disappear.  
 
Problems for Bicyclists and Visually Impaired Pedestrians  
Traffic calming devices are designed to minimize problems for cyclists. For example,  
chokers used on busier streets incorporate bike lanes. Some bicyclists who are unfamiliar  
with traffic calming devices are expected to be confused in the short term. By using  
standard traffic calming designs that incorporate textured surfaces where crosswalks enter  
the street without a curb, problems for visually impaired pedestrians are avoided. 
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The figure below illustrates the monetized benefits and costs projected 15 years into the  
future. Benefits are illustrated by bars going up and costs are illustrated by bars going  
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down. A 7% discount rate is used, resulting in declining magnitude of impacts over time.  
In this case, the net present value of the monetized impacts are estimated to total more  
than $3.5 million, indicating that the traffic calming project is a worthwhile investment. 

 
 

Final Report Literature Review on Vehicle Travel  Speeds and Pedestrian Injuries  
U. S. Department of Transportation, National Highway Traffic Safety Administration, 
October 1999   
http://www.nhtsa.gov/people/injury/research/pub/hs809012.html 
 
 

 



 87 

 

 
 



 88 

 
 
 



 89 

Bicycle Boulevard Implementation 
 

Pedestrian and Bicyclist Safety Toolbox 
Metropolitan Transportation Commission, Oakland, CA 
http://www.bayareatrafficsignals.org/toolbox/Tools/BikeBlvd.html 
 
Bicycle boulevards are most effective when several treatments are used in combination. 
•  Increases efficiency and safety for bicyclists 
•   Potentially improves safety for pedestrians 
•  Reduces and slows through vehicle traffic 
 
 
Five Steps to Create a Boulevard 

1) Identify a suitable street. 

The ideal boulevard candidate is a two-lane street serving the same origins and 
destinations as one or more nearby parallel arterials or collectors. The parallel streets 
provide access for through motor traffic that the Boulevard will exclude or discourage. 

2) Remove barriers and detours to through cycling. 

Where waterways, railways, or limited-access highways sever the route, close the gaps 
with bicycle/pedestrian bridges or undercrossings, creating a through bicycle route that is 
not a through motor traffic route. Where the gap is a major street without a signal on the 
Boulevard, forcing cyclists to zigzag to a parallel street to cross safely, install a bike-
actuated signal coordinated with adjacent signals to reduce major street motor traffic 
delays, adding islands and curbs to block through motor traffic on the boulevard. 

3) Turn the stop signs. 

Every stop sign costs a cyclist time and energy, and one of a Boulevard's major 
advantages is that it provides nonstop cycling. To enable this, install stop signs on all 
cross streets and remove them on the Boulevard, retaining four-way stops only at the 
busiest cross-streets. To help drivers adapt, add temporary "Cross Traffic Does Not Stop" 
warnings below cross-street stop signs. Consider keeping some of these indefinitely on 
cross streets with substantially more car traffic than the Boulevard. 

4) Block or deter through motor traffic. 

While stop sign changes alone will not completely deter undesirable through motor 
traffic, the boulevard must be kept open to local residents. Through traffic can be further 
discouraged by breaking up long segments with bike-permeable street closures and 
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mandatory turns that admit through bicycles. 

5) Sign the route and provide additional guidance: 

Boulevards are Class III facilities, which customarily have "Bike Route" signs. Palo Alto 
uses "Bike Boulevard" instead. By themselves, such signs provide little useful 
information to cyclists, so enhance them with destination plates (example: "To 
Downtown") and directional arrows. Help cyclists find the Boulevard by placing signs on 
parallel motor routes. 
 
 

Before Traffic Calming: Major Considerations 
Traffic Calming 101 
Project for Public Spaces 
http://www.pps.org/info/placemakingtools/casesforplaces/livememtraffic 

 
The "starter set" of traffic-calming tools outlined above can be effective in a variety of 
ways. However, each tool has its own specific applications, and not every one fits every 
single circumstance. Some tools are more effective if used in combination with each 
other, or with alternative transportation approaches like bicycles, buses or light rail. The 
right use hinges on existing conditions along a street and the desired outcomes. The 
following is a sampler of issues that need to be considered when making traffic calming 
choices.  

• Do emergency and service vehicles use the area? Do school buses? 

• Is there a problem with through traffic? 

• What are the surrounding uses? Residential? Commercial? Retail? Cultural? 
Entertainment? Civic? Educational? Other? 

• Who are the users? Are there many elderly or disabled people or children? 

• What kinds of activities are going on in the vicinity or are planned to go on? 

• Are there plans for improving the area? If so, how? 

• What kinds of streets are being looked at? What is the ideal speed desired? 

• Is transit service available? If so, where and what kind? 

• Where is drainage needed? 
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Bicycle Boulevards in Berkeley 
Berkeley Office of Transportation 
http://www.ci.berkeley.ca.us/transportation/Bicycling/BB/BicycleBoulevard.html 
 
CHAPTER 4  
http://www.ci.berkeley.ca.us/transportation/Bicycling/BB/Guidelines/chap4.htm 
TOOLBOX AND SAMPLE BIKE BOULEVARD LAYOUT  
OVERVIEW 
This chapter describes a cohesive set of strategies to create a bicycle boulevard, namely 
to make streets safer and more efficient for bicycle transportation.  A variety of measures 
are included in the toolbox that are compatible with bicycling and with neighborhood 
traffic management goals.  Enough choices are retained in the toolbox so that each 
neighborhood has flexibility in designing a boulevard that meets the needs and issues of a 
particular location. 
   
Based on the field review and the goals for developing the bike boulevard (see Chapter 
1), five general issues that should be addressed during bike boulevard implementation 
were identified.  See Table 4-1.  The strategies in the toolbox were chosen because they 
address one or more of these general issues.  Each strategy page in this chapter indicates 
which general issue is addressed. 
  
Table 4-1  
GENERAL ISSUES TO ADDRESS DURING BICYCLE BOULEVARD 
IMPLEMENTATION  
 
Issue  
Abbreviation  
1. Create the look and feel of a bicycle boulevard. 
2. Look and feel 
3. Slow traffic and discourage diversion of traffic to the bike boulevard when 

unwarranted STOP signs are removed.  Unwarranted STOP signs cause excessive 
stopping and delay for bicyclists.  They also increase noise and air pollution, increase 
fuel consumption and non-compliance compromises safety for all.  They often 
increase speeds mid-block as well. 

4. Traffic Calming 
5. Address school or pedestrian related safety issues. 
6. Ped Safety 
7. Help bicyclists cross major streets. 
8. Help Crossing 
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9. Prevent diversion of motor vehicle traffic to the bicycle boulevard. 
10. Diversion 
   
The strategies are grouped into two categories as to where and how they would be placed 
on a bicycle boulevard.  The first category is called Basic Tools.  These strategies are 
recommended for all bicycle boulevards.  These include: 
• Signage 
• Unique pavement 
• Pavement legends 
• Landscaping/street trees 
   
The second category is called Site Specific Tools.  These would only be used to address a 
site specific issue.  Which specific tool to be used would be determined in collaboration 
with local residents.  Examples of site specific tools are: 
• Traffic circles 
• Bulbouts 
• Traffic signals 
• High-visibility crosswalks 
   
A summary of the toolbox is presented in Table 4-2.  The entire toolbox presenting 
guidelines for applying each individual tool is presented at the end of this chapter. 
   
It should be noted that these tools are not meant to be used individually.  The concept is 
to combine several tools so that the cumulative effect will create a look and feel that will 
tell both motorists and bicyclists that this street is special: it is not a speedway, but rather 
a place where people live and where many people ride their bikes. 
   
Figures 9 through 13 illustrate several possible ways to combine these tools on streets of 
different widths, some with existing bike lanes and some without.  These drawings are 
not meant to represent any street in particular, but rather to show the cumulative effect of 
combining several strategies.  A sample layout of several blocks is presented in Appendix 
A to illustrate conceptually how the various strategies can be combined to create a 
bicycle boulevard.  Again, this layout is meant to be illustrative and does not present 
specific recommendations for a specific location. 
 
 A.  Signage  
1.      Identity signs 
2.      Special street sign design - at all intersections 
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3.      Special advance street sign design at major streets 
4.      Continuous signage along Bicycle Blvd 
5.      Other signs to be used as needed for site-specific applications 

B.  Throughout the Street  
1.      Visually dramatic markings 
2.      Unique Pavement Treatment for roadway or lanes 
3.      Planter Strip Landscaping/Street Trees 
4.      Bicycle Boulevard Pavement Legend 

   
SITE SPECIFIC TOOLS  

(to be used only where needed and in consultation with local residents)  
C.  Midblock  
1.      High Visibility Crosswalks 
2.      Bulb-Outs – midblock 
3.      One lane slow point 
4.      Mid-block median islands 
5.      Lightly patterned pavement surface 
D.  At Intersections  
1.      Traffic Circles 
2.      Bulb-Outs at Intersections 
3.      High Visibility crosswalks 
4.      Special design/logo within intersections 
5.      Redesign existing diverters to be bike and emergency vehicle accessible 
E.  To Enable or Help Bicyclists Cross Collectors or High Traffic Streets  
1.      Four-way STOP sign 
2.      Median refuge on major street 
3.      Traffic Signal - with turn restrictions for motor vehicles 
4.      Traffic Signal - with detection for bikes only 
5.      Traffic Signal - standard design 
 
 
CHAPTER 6  
http://www.ci.berkeley.ca.us/transportation/Bicycling/BB/Guidelines/chap6.htm 
 
PRELIMINARY IMPLEMENTATION PLAN 
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OVERVIEW 
This report represents the completion of the first phase of Bicycle Boulevard 
Implementation: the Early Design Phase.  With the issues identified along the boulevards, 
and a toolbox of strategies for use on the boulevards, the next phase of implementation, 
the Detailed Design Phase, can take place.  This phase will involve developing specific 
designs for the boulevards in conjunction with neighborhoods and bicyclists.  As these 
designs are completed, or simultaneously as they are developed, the City will need to find 
funding to pay for the planned improvements.  Specific design changes that affect how 
the street works will need to be approved by the City Council.  This chapter outlines this 
implementation process.  As the Bicycle Boulevard project moves forward, changes to 
this approach may be required. 
   
Implementation approach 
Two broad strategies have been suggested for implementing the bicycle boulevard 
system.  The first is a city-wide approach and the second is a neighborhood-based 
approach. 
   
Approach 1 - City-wide 

• Install signs and pavement legends along all Bicycle Boulevards. 
• Install devices to help cross all major streets (would need a large grant to do all 

simultaneously or would need to develop a prioritization scheme). 
• Install unique pavement treatment with scheduled repaving program. 
• Remove selected STOP signs and replace one by one with alternate traffic calming 

(would need to develop a prioritization scheme). 
   
Approach 2 - Neighborhood Based 
Work with one neighborhood at a time, looking at all of the bicycle boulevard segments 
in that neighborhood.  Address all the elements and issues along the bicycle boulevards in 
that neighborhood: 

• Install signage and pavement legends. 
• Install devices to help bikes and pedestrians cross all major streets. 
• Install unique pavement treatment with or without scheduled repaving program. 
• Remove selected STOP signs and replace one by one with other traffic calming devices. 

 
Suggested Approach 
Based on what was heard at the public workshops and the input of the Bicycle 
Subcommittee, it is recommended to take elements of both approaches.  First, a citywide 
signing and awareness program is recommended.  This citywide awareness program 
would consist primarily of signing and pavement legends. 
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The second step is addressing the most difficult streets to cross.  The number of 
intersections that can be addressed will depend on the type of treatment needed and 
funding availability from local and grant sources.  This process should involve local 
residents to select a compatible tool from Category E. 
   
Finally, it is recommended to implement the remaining elements on one boulevard at a 
time, working closely with local residents.  The remaining elements include: unique 
pavement treatment, and STOP sign removal and replacement with appropriate traffic 
calming devices.  It would be most cost-effective to work with neighborhoods in the 
order that their streets are scheduled for repaving.  This phase should also incorporate 
other neighborhood traffic issues as feasible. 
   
Priority Recommendations 
The following recommendations are in priority order, following the suggested approach 
detailed above. 
   
1.  Install Signing and Pavement Legends on All Bicycle Boulevards 
Preferred Strategy:  Use city funds to get grant to install signs and legends citywide.  
Most likely funding source: city funds as local match to TFCA or TDA funds. 
   
2.  Devices to Help Cross Major Streets 
Preferred Strategy:  Obtain large grant to cover all signals needed. 
Most likely funding source:  Safe Routes to School-Hazard Elimination 
   
Alternate Strategy:  Prioritize major intersections according to volume of ADT and 
volume of bike traffic. 
Most likely funding source: city funds as local match to BLA Account 
   
3.  Install Unique Pavement Treatment in Conjunction with Scheduled Repaving - See 
Table 6-1 
Strategy:  In conjunction with scheduled repaving for those scheduled within the next 
five years. 
• Most likely funding source:  city funds, TDA, TFCA 
• Strategy:  Seek Grant funding for those scheduled for beyond the next five  years. 
• Most likely funding source: grant funding e.g. TLC 
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4.    Remove Unwarranted STOP Signs and Replace as Needed with Traffic Calming 
Devices 

Preferred Strategy:  Work with neighborhoods when street is scheduled for repaving. 
Most likely funding source:  grant funding e.g. TLC 
   
5.  School Area Safety Improvements and Improved Awareness 
Strategy: Implement demonstration project on non-bicycle boulevard street; fine tune 
design details to be compatible with bicycle boulevard concept. 
Most likely funding source:  Safe Routes to  School-Hazard Elimination 
   
Recommended phasing plan 
The total cost to implement the bicycle boulevards will depend on exactly which 
strategies are selected.  These will not be determined until neighborhood-based meetings 
are held.  However, the total cost of basic elements, i.e. signage and unique pavement 
treatment, which are applicable to all bicycle boulevards, can be estimated.  The cost of 
traffic calming devices has also been estimated for each individual device, but the total 
city-wide cost will depend on how many and which devices are selected. 
   
To help the city plan and program funds, including applying for grant funds, the cost to 
implement the basic elements city-wide is presented below along with the costs for 
devices to help cross major streets and a range of costs for implementing traffic calming.  
Cost estimates for individual strategies are presented in Chapter 4.  These cost estimates 
were developed in conjunction with City Public Works staff to reflect the actual costs of 
recent projects. 
• Signing and pavement legends:  $600,000 
• Colored pavement (one of the unique pavement options):  $3,100,000 
• Crossing major streets:  $2,900,000 
   
The cost of additional traffic calming could vary from $500,000 to $3,000,000 depending 
on the device and how school zones are treated.  See the strategy sheets in Chapter 4 for 
estimates for individual strategies. 
   
The cost per bicycle boulevard of just the basic elements, signage, pavement legends and 
colored pavement (one of the unique pavement options), is presented below along with 
the total cost (which includes site specific elements): 
   
Given the unlikelihood of being able to implement everything at once, a phasing plan for 
the next five years was developed.  This phasing plan is partially based on the City’s 
scheduled repaving/reconstruction program for city streets.  Five of the seven bicycle 
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boulevards, (all but Milvia and Channing), are scheduled to be reconstructed for some or 
most of their length in the next five years.  The 1999 paving plan for the bicycle 
boulevards is presented in Table 6-1. 
 
Maintenance of bicycle boulevards 
Bike Boulevard streets should have a high degree of pavement maintenance or they could 
create a hazardous condition for cyclists. 
The seven bicycle boulevards will need maintenance of their many components.  
However maintenance costs can be reduced in some areas by the careful selection of 
materials and practices.  These often incur a higher initial capital cost, but are cost-
effective in that they reduce maintenance costs.  Therefore, wherever the tradeoff can be 
made, the design guidelines in Chapter 4 have suggested methods that reduce 
maintenance costs.  For example, pavement marking tape has been shown to last as long 
as the pavement itself, about fifteen to twenty years. It also is the least slippery material. 
For these reasons, it has been selected as the first choice, and paint, which usually lasts 
only two years, is not recommended.  Also, only colored asphalt integral to the pavement 
has been recommended rather than surface sealers which would need reapplication every 
few years depending on traffic levels.  Other components such as signs, thermoplastic 
pavement markings, and traffic signals would need to be maintained through the city's 
existing maintenance programs. 
 
Monitoring Phase 
After the installation of the bicycle boulevard strategies described above, an evaluation of 
the impacts will need to be made.  Especially when STOP signs are removed, traffic 
volumes and speeds should be monitored to ensure that the street has not become 
significantly more attractive as a through route for motorists.  The following strategies 
could be used if desired by the neighborhoods after the evaluation phase, to address any 
potential impacts, including to prevent diversion if necessary: 
• Turn restrictions from major street. 
• Diagonal Diverters (bikes exempted). 
• Forced Right-Turns (bikes exempted). 

 
 

Context Sensitive Design 
The Metropolitan Planning Organization for the Genesee-Finger Lakes Region, NY 
http://www.gtcmpo.org/Programs/Resources/ContextSensitiveDesign.htm 
 

Context Sensitive Design is a philosophy wherein safe transportation solutions are 
designed in harmony with the community. It is a philosophy that guides all phases of 
project development. It ensures the balance of environmental, scenic, aesthetic, cultural, 
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and natural resources, as well as community and transportation service needs.   

Context sensitive transportation projects are designed, built, and maintained to minimize 
disruption to the community and the environment and to enhance livability. They include 
specific design solutions that address the concerns of local residents, businesses, and/or 
others. They use of a collaborative planning process involving transportation 
professionals, local officials, and the public.  It stresses the early involvement of key 
stakeholders to ensure that transportation projects are not only safe and efficient for 
motor vehicles but that they are also safe and efficient for other roadway users as well as 
in harmony with the natural, social, economic, and cultural environment.  

CSD requires not only early involvement of stakeholders but also a continuous 
commitment to public involvement, flexibility in exploring new solutions, and an 
openness to innovative ideas.  Stakeholders play an important role in identifying issues 
and associated solutions that may better meet and balance the needs of the community.  

Several states including New York, Minnesota, Washington, Utah, Maryland, and 
Kentucky have adopted CSD principles into their transportation planning processes.  
 
Benefits of CSD 

• Stronger working relationships among public agencies, communities, and citizens 

• Designs that better accommodate community and agency objectives 

• Improved acceptance of final project design 

• Potentially lower project costs 

• Expedited project approvals 

• Good business practice 
 
 
How a Community Can Get Involved 
 

• Get out “on the street” – experience it from a pedestrian’s point of view 

• Seek out partners – develop a shared vision for the project 

• Get the word out – let the community know something is beginning before any formal 
discussions 
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• Be flexible – remember that every environment has its own special conditions 

• Get started – many early steps can be low-cost and can help show progress toward the 
shared vision 

• Evaluate, refine, and phase construction – test short-term improvements to see how 
they are working. Ask users for suggestions about possible improvements or 
adjustments 

Keep the big picture in mind – use short-term changes as stepping-stones, keeping in 
mind the broader livability and environmental concerns of the community 
 

Approaches to Implementation; San Francisco Bicycle Advisory Committee 
Bicycle Plan - Part 6 
http://www.sfgov.org/site/bac_page.asp?id=11544#P45_4180 
 

Approaches Used by Other Cities 

The key element that characterizes successful traffic calming programs in other cities is a 
high level of citizen participation. "Grassroots initiatives" have successfully brought 
about significant traffic calming programs in Portland and Eugene, Oregon; Seattle, 
Washington; Palo Alto and Davis, California; and New York. The major elements 
common to these programs are as follows: 

• Organized Citizen Groups - Each of these cities had volunteer citizen groups that either 
orchestrated or contributed to the development and implementation of a strong traffic 
calming program. The "Auto Free New York Coalition" began the work in New York 
that brought about the Greenwich Village Traffic Calming Study. The very successful 
traffic calming program that is currently being implemented in Portland was aided by two 
strong citizen groups: the Bicycle Transportation Alliance and the Willamette Pedestrian 
Coalition. Many bicycle programs are often inhibited, stalled, or suspended due to 
changes in pubic transportation agency staff and funding cutbacks. The existence of a 
strong citizens group can help maintain a consistent policy approach and influence the 
allocation of additional public resources for bicycle facilities. 

• Established Goals and Specific Objectives - Successful programs had specific objectives 
that were endorsed and incorporated into various city agency planning documents. For 
example, the City of Portland established a goal in the 2040 Plan for a 5 percent bicycle 
mode split for commuter work trips. The New York City Transportation Commissioner 
approved a policy in June, 1991 that would increase bicycle usage by 25 percent by the 
year 1995. Because this goal was endorsed at the City's commission level, it applied to 
numerous departments, not just the sole City agency for which the Bicycle Coordinator 
position works. 
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• Specific Procedures for Traffic Calming Implementation - In those cities with successful 
traffic calming programs, there were specific steps that individuals and neighborhood 
groups could utilize to obtain funding for their programs. In some cases these steps 
involved surveys of the impacted neighborhoods, in others neighborhood petitions were 
accepted by City officials. If funds were not available for particular traffic calming 
measures that budget year, a short range capital programming document incorporated 
those improvements in subsequent years. 

Selected Elements Appropriate to San Francisco 

The City of San Francisco currently has two citizen groups that are actively involved in 
promoting improvements in bicycle facilities and usage. The San Francisco Bicycle 
Coalition (SFBC) and the City's San Francisco Bicycle Advisory Committee (BAC) are 
established organizations that can be very useful in promoting traffic calming measures. 

In addition, the development of the Comprehensive Bicycle Plan provides an opportunity 
for the establishment of specific goals to increase bicycle usage within the City. These 
goals and objectives are being incorporated into the Transportation Element of the City 
and County Master Plan, which is currently being revised. If approved by the Planning 
Commission and the Board of Supervisors, they would become citywide goals and 
objectives, as well. 

However, with the exception of the "San Francisco Bicycle Facility Improvement 
Program", there are no specific procedures that a neighborhood group could follow in 
pursuing the implementation of a traffic calming program for their neighborhood, other 
than letters to City departments and presentations to the Board of Supervisors or selected 
commissions. 

Recommended Implementation Steps for Traffic Calming in San Francisco 

The following traffic calming implementation process is based upon some of the more 
successful approaches that have been used in the cities mentioned earlier. This particular 
list of actions is designed to elicit as much information as possible early in the process 
such that if a neighborhood is not totally behind traffic calming recommendations, efforts 
can be halted without an excessive outlay of public funds. This recommended step by 
step procedure draws heavily on the experiences of Seattle and Portland bicycle planners. 

Step 1: Community Outreach - Following the completion of the Comprehensive San 
Francisco Bicycle Plan, the Bicycle Coordinator's Office will distribute the results of the 
Plan, i.e. route maps and proposed projects, to neighborhood groups and bicycle 
enthusiasts. In addition, the process for requesting consideration as a future site for traffic 
calming improvements will be included, i.e. this process. This distribution could possibly 
be aided by the use of advertising material and/or combination mailings with other public 
agencies. 

The City should employ the services of established citizen's groups to develop 
community support on a grass roots level to interest neighborhood groups in requesting 
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consideration for traffic calming improvements. For example, providing grant funding to 
such groups would be a cost-effective way to extend staff resources to educate the public 
about the benefits of traffic calming and solicit public input on the specific strategies that 
would/could be employed in the neighborhood. 

Step 2: Project Request - The Coordinator's office will be designated as the recipient of 
the first request for consideration as a potential site for a traffic calming improvement, or 
a larger request to consider analysis of the entire neighborhood's needs. The Coordinator's 
office will review the consistency of this request with other existing and proposed City 
plans, i.e. the Transportation Element, Transit Preferential Streets Program, Emergency 
Preparedness Plan, and the Pedestrian Streets Program. 

Step 3: Preliminary Review - The Coordinator's office will prepare a checklist that 
summarizes the potential advantages and conflicts of the request. The Coordinator will 
present the results of this preliminary review to two standing committees that will review 
these requests on a quarterly basis: the San Francisco Bicycle Advisory Committee and 
the newly established Bicycle Plan Implementation Technical Advisory Committee. This 
new committee should be composed of selected San Francisco public agency 
representatives that can contribute to this evaluation and implementation. Suggested 
representatives would come from the Department of Parking and Traffic (DPT), the 
Department of Public Works (DPW), the Public Transportation Commission (PTC), the 
San Francisco County Transportation Authority (SFCTA), the Recreation and Parks 
Department, MUNI, the Police Department and the Department of City Planning. 

These two committees will either accept or reject the Coordinator's initial screening of 
the proposed traffic calming request. If an individual or neighborhood association is 
denied further consideration by both of these committees and the Coordinator's office, 
they will have the opportunity to present their proposals to the Parking and Traffic 
Commission. The Commission will have the final say as to whether the proposed 
request/project receives further consideration. 

Step 4: Priority Rankings - Project requests are ranked on an annual basis. The project 
rankings are based on the checklist of project advantages and disadvantages that were 
established by the Coordinator's office in the previous step. The number of project 
requests that are ranked highly will depend upon the number of requests that are received 
that year and the funds available for the program. 

Project rankings are generally based upon how the project will impact the following 
concerns: 

i. Does the project reduce traffic volumes, and if so, to what level? 

ii. Does the project reduce speeds? 

iii. Does the project reduce accidents? 

iv. Does the project encourage alternative transportation modes, i.e. bicycle and walking? 
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v. Does the project impact a school setting where increased vehicular safety is required? 

vi. Does the project impact other uses that have high requirements for pedestrian or bike 
access, such as senior housing, park facilities, or youth centers? 

vii. Does the project correspond with a designated bike diversion or pedestrian route? 

viii. Does the project have low traffic diversion impact on surrounding streets in the 
neighborhood? 

If a project receives a low ranking for more than 3 or 4 years, it is automatically dropped 
from the program, following a notification to the individual or neighborhood that 
originally requested the project. The original petitioner can, of course, appeal this 
elimination to the Commission, or resubmit the project at a later time. 

Step 5: Survey to Proceed - Given that a project has received a high ranking and funds 
are available to implement the project, a brief postcard survey is prepared and distributed 
to the impacted neighborhood. This survey is designed to evaluate the level of support 
that the project has within the community, before significant planning or engineering 
work is begun. 

This postcard survey is mailed to each household, business and nonresident property 
owner within the impacted neighborhood. For the City of Portland, the impacted area was 
defined as those properties fronting on the affected segments of the project street. When a 
project only impacted one intersection, the survey would be sent to all properties within a 
one block radius of the intersection. However, it should be noted that if the project causes 
significant traffic diversion, then the streets parallel to the traffic calmed street could also 
be negatively affected by increased traffic and should also be surveyed. 

To defer the costs of this survey, Portland requires that the original petitioner be 
responsible for circulating the survey. If a majority of the impacted properties support the 
project, the request then moves to the next step. 

Step 6: Public Meeting - Using the same mailing list that was utilized in the survey, and 
expanding upon it to include the full neighborhood, other interested parties, city bureaus, 
etc. a public meeting notice is then distributed. The purpose of this first public meeting is 
to inform the public of the project and to solicit input as to potential alternatives or 
revisions to the project. 

Step 7: Establish Project Citizens Committee - Depending upon the size of the project, 
rather than holding a series of large public meetings, a volunteer citizens committee, that 
agrees to meet for a few months as the project is defined, is established. This limits the 
cost of notifications for a public meeting, although the time and place of the citizens's 
meetings are still carried in neighborhood publications. 

The purpose of this citizen's committee is to work closely with staff to define the project. 
Specifically the group will: 
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a) Assess the problems and needs to be addressed by this project; 

b) Identify project goals and objectives; 

c) Identify evaluation criteria that will be used to review the success of the project; 

d) Develop alternative approaches/plans/ costs for the proposed project; and 

e) Select the final recommendation. 

Step 8: Project Development - Working with the citizen's committee, DPT/DPW staff 
will finalize the project's design and implementation schedule. Cost estimates will be 
prepared. Following the completion of this work, a final public meeting will be held. 
Issues associated with any necessary enforcement or education efforts required for the 
project's successful implementation will be addressed. 

Lastly, this step will determine if the citizen's committee wishes to conduct a 
demonstration project prior to final engineering and full construction of the project. 

Step 9: Demonstration Project - A demonstration project should be conducted to 
determine the impact of the project prior to incurring the costs for full construction. For 
example, rather than construct a full concrete traffic circle, barriers could be used for a 
specified period of time. 

Within the City of Portland, a second petition is circulated within the impacted area to 
determine if a demonstration project should be conducted. Again, the original petitioner 
is responsible for collecting signatures for the demonstration petition. If a majority of the 
impacted area's properties do not support the demonstration, the project is stopped at this 
point. 

Demonstration projects normally last for approximately 3 to 4 months. This allows the 
City's engineering staff to review any potential problems that might arise from the 
project. In many cases a temporary demonstration project is not required, for example 
street signage or striping. In such cases the costs would be the same whether the 
improvement was temporary or permanent; this step is therefore omitted for those 
particular projects. 

Step 10: Project Evaluation - As mentioned earlier the citizens committee was 
responsible for determining what constituted a successful project. The development of 
evaluation criteria has proven to be a very successful tool in assessing the future use of a 
particular traffic calming measure and to determine if a proposed improvement should be 
uniformly implemented throughout the entire neighborhood. 

Evaluation criteria are usually based on reductions in the number of vehicles passing a 
particular point, or counts as to the increase in bicycle usage. Reductions in both auto and 
bicycle accidents is also a potential criteria. Measurement of before and after 
speeds/volumes and the impacts on emergency vehicle access is also analyzed. 
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Following the operation of the traffic calming measures for the selected demonstration 
time period, the evaluation criteria are applied. Results of this evaluation are reviewed 
with the citizens committee, property owners and appropriate city departments. 

At this point the City is responsible for deciding whether the project should move into 
final design and construction. 

Step 11: Confidential Ballot - Following a successful evaluation, the City of Portland's 
procedures require a confidential ballot, which the City administers. Although this step 
could be eliminated based on the scale of the project, Portland has found it a useful tool 
in determining the neighborhood's support of a project prior to moving into final design 
and construction. 

Step 12: Final Design, Construction, Implementation and Monitoring - The next steps of 
the project should result in the construction and implementation of the project in a fairly 
short time period. Because these previous efforts have included such a high level of 
citizen involvement and participation, the project should be implemented within a fairly 
short time period. This is particularly true in light of the fact that key property owners 
could change over a long implementation period and new property owners might request 
that the entire effort be repeated. Most traffic calming measures within the Seattle and 
Portland programs are completed within one year. 

Project monitoring, however, is a process that goes on for 3 to 5 years. For the City of 
San Francisco, it would be appropriate for DPT to continue to monitor a project and 
distribute their findings at the Technical Advisory Committee meetings that were 
proposed early in this recommended list of steps. 

Miscellaneous Recommendations 

This recommended step-by-step community based process for implementing traffic 
calming measures assumes that a number of other factors are in place to support these 
efforts. Issues that are of particular importance to the City of San Francisco include the 
following: 

Adequate Budget - This program assumes that once a project is highly ranked and the 
process of surveying the neighborhood and conducting public meetings has begun, 
adequate budget exists to implement at least the most highly ranked projects. The 
neighborhood representatives would very quickly lose interest if, after extensive 
community involvement, the program was not funded for that year. Therefore, to really 
ensure that this effort is viable, it might be appropriate to begin only after several years of 
capital funding was established. 

Adequate Staff - The level of effort required to initiate and maintain such a program 
requires more than one full time Bicycle Coordinator. The City of Portland currently 
maintains a staff of two full time bicycle planners and Seattle has five full time positions. 

Multi-Departmental Cooperation - The proposed technical advisory committee is only 
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one element of the multi-departmental cooperation that would be required for this effort. 
Not only would there have to be a willingness to provide staff support and review for new 
projects, but other departments would also be involved with on-going monitoring and 
evaluation of the projects. 

Grass Roots Citizen Support - The proposed recommendations have no chance for 
success unless there is support from the neighborhoods. To initiate this support many 
bicycle groups have become involved in their neighborhood groups and formed the 
nucleus for many of these grass roots traffic calming requests. The San Francisco Bicycle 
Coalition's current goal of increasing membership by 150 percent is well timed to support 
these efforts. 

In summary, all of these elements should be in place prior to the initiation of an 
aggressive bicycle oriented traffic calming program. However, as other cities have 
shown, the benefits from such an effort can be significant, further increasing both the 
quality and safety of urban living. 
 
 

LEGAL ISSUES 

The legal authority for many traffic calming measures is Vehicle Code '21101(f), 
permitting local authorities to prohibit entry to or exit from any street by means of 
islands, curbs, traffic barriers, or other roadway design features. Traffic control devices or 
markings placed on the barriers must conform to the uniform standards and specifications 
of '21400. There are two ways of permitting bicyclists to pass through road closures, 
diverters, forced turns, or median barriers on a bicycle boulevard (or elsewhere) while 
preventing motorists from doing so: 

* The barrier to passage is a purely physical one. There is no legal prohibition against 
crossing the barrier, but its design simply allows bicycles while interfering with motor 
vehicles - for instance, an opening wide enough for bicycles but too narrow for 
automobiles. With this approach, warning signs such as W3 (turn arrow), W57 (single 
head arrow), W53 (Not a Through Street), W81 (chevrons), and many others would be 
permissible, but regulatory signs such as R11 (Do Not Enter) would not. There is no 
practical way to exclude motorcycles, mopeds, or motorized bicycles. 

* A regulatory sign prohibits passage, for example, R11 (Do Not Enter) or R41 (Right 
Turn Only) and violating it has legal consequences. In this case there must be an 
exception for bicycles. Palo Alto sometimes installs an "Except Bicycles" plate on signs 
of this sort at barriers, but such a distinction is not specifically permitted under state law. 

Both approaches run into difficulties with '21101.6, which prohibits local authorities from 
placing "gates or other selective devices on any street which deny or restrict the access of 
certain members of the public to the street, while permitting others unrestricted access to 
the street." Although intended to codify a court decision prohibiting key-operated gates 
open only to residents, and to prevent discrimination based on drivers (rather than on 
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vehicles), this section nonetheless poses a significant obstacle to selective regulation of 
motor vehicles at traffic barriers. This issue, and proposed amendments to state law to 
deal with it, are discussed at greater length in Chapter 8. 

Local authorities are permitted to regulate turning movements at intersections by placing 
signs or other traffic control devices, and it is unlawful for vehicular traffic to disobey 
these signs ('22101). Again, there is no explicit provision for distinguishing bicycles. 

Conceivably, a short section through a barrier could be designated as a bicycle path (if it 
were at least 5-foot wide for one-way travel, as required by Caltrans standards), 
legitimizing the distinction between bicycles and motor vehicles. 

Current Community Involvement Efforts 

The City of San Francisco has not had an aggressive community outreach effort to 
support the implementation of various traffic calming measures that might advance the 
goal of greater bicycle usage. 

The major bicycle related community outreach effort that has been pursued by the City of 
San Francisco is the "San Francisco Bicycle Facility Improvement Program" or "Spot 
Improvement Program". This program provides return postage paid improvement request 
forms in shops and locations frequented by bicyclists. The program is designed to provide 
low cost improvements suggested by concerned cyclists such as signage, pavement 
striping, rack installation, and pavement maintenance. The program has been successful. 
However, it is not the type of outreach program that supports a significant traffic calming 
effort that might serve an entire neighborhood. 

In addition to this program, the City established the San Francisco Bicycle Advisory 
Committee (BAC). The BAC has successfully recommended commuter bicycle routes, 
reviewed plans for the Presidio and Golden Gate Park, and assisted in the review of the 
on-going planning efforts associated with this plan. However, this committee has not yet 
initiated an outreach program specifically designed to implement and encourage traffic 
calming measures within the City. 

Opportunities to Implement Bicycle Boulevards 
Coordination with other projects 
There are many planned or potential projects that will affect the bicycle boulevards in the 
next five years.  To be cost-effective and to optimize financing opportunities as well as to 
ensure that the bicycle boulevards help as many constituencies as possible, the next phase 
of the bicycle boulevard design plan should coordinate wherever possible with these 
projects.  At a minimum,  all interested stakeholders of these projects should be invited to 
all meetings and workshops and should be included all the mailings related to bicycle 
boulevard planning.40 

                                                
40 Bicycle Boulevards in Berkeley, Berkeley Office of Transportation 
http://www.ci.berkeley.ca.us/transportation/Bicycling/BB/BicycleBoulevard.html 
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Issues and Challenges Implementing Bicycle Boulevards 
 

Bicycle Boulevards in Berkeley 
Berkeley Office of Transportation 
http://www.ci.berkeley.ca.us/transportation/Bicycling/BB/BicycleBoulevard.html 
 
Outstanding Issues raised by the public 
 
• Improved street lighting for bike safety 
• School area traffic congestion and safety issues 
• Local traffic problems e.g. casual carpooling 
• Desire for new full or half-diverters 
• Coordination with other projects e.g. East Bay Greenway Project 
  
Challenges 
 
• Neighborhood residents may object to the alteration of their street, especially 

intersection controls (stop sign rotation, traffic circles) and vehicle access limitations 
• Depending on the location of the installation, it may divert vehicle traffic to side 

streets. 
• If bicycle boulevard design includes closures, partial-closures or forced right-turn 

treatments for vehicles, it may result in more circuitous vehicle circulation routes, 
possibly affecting emergency vehicle response. 

 
Critics of bicycle boulevards 
 
Critics of bicycle boulevards and other types of bike routes, such as John Forester, have 
argued that they encourage cyclists to be seen as inferior by consigning them to poor 
quality roadways and discouraging them from riding on major arterial roads. Instead, they 
argue for the concept of vehicular cycling, positing that cyclists are safer when they 
behave like drivers of any other vehicles, and follow traffic laws accordingly. 41 
 
 
Disadvantages of Bicycle Boulevards42 

                                                                                                                                            
 
41 Forester, John, Proper Strategy For Cyclists: Cyclist-Inferiority Or Vehicular-Cycling? 
http://www.sandiego.edu/freshair/bicycles/archive/John%20Forester/Proper%20Strategy%20for%20Cyclis
ts 
42 Shared Roadways, FHWA Course on Bicycle and Pedestrian Transportation, US Dept. of 
Transportation, Federal Highway Administration 
http://safety.fhwa.dot.gov/ped_bike/univcourse/swless18.htm 
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• They are often located on streets that do not provide direct access to commercial land 
uses and other destinations; some cyclists may have to negotiate a hostile street 
environment to complete a portion of their trip. 

• If improperly implemented, they can cause traffic diversion onto other streets. 
• Failure to provide arterial crossings can result in unsafe conditions for bicyclists. 
• Traffic signals may be expensive or unacceptable for the traffic conditions. 
 
Successful bicycle boulevard implementation requires careful planning with residents and 
businesses to avoid unacceptable impacts. 
 
 

Bicyclists’ Difficulties With Traffic Calming 
Public Technology Institute, Washington D.C. 
http://pti.nw.dc.us/task_forces/transportation/docs/trafcalm/BICYCL.HTM 
 
Perhaps no group has more mixed feelings about traffic calming than bicyclists. Bikers 
have long fumed at cars and trucks that brush them off the road, or speed past at a 
frighteningly higher rate of speed than the bicyclist. For that reason, many of them 
applaud any traffic calming efforts that slow vehicular traffic and acknowledge that the 
road belongs to more than just the auto. 

On the other hand, many of the traffic calming techniques can be a nightmare for a 
bicyclist. Speed humps, for example, are just an inconvenience to motorists. But a biker 
working up velocity on a fast road the kind of road where the humps are most likely to be 
installed can be jolted or even thrown off by that same bump in the road. 

Traffic circles are terrors for bicyclists. As the cyclists hug the right side of the road in 
the circle, cars suddenly turn into their lanes to exit from the circle. Neck downs and 
pinchers intended to slow cars may force bicyclists to merge with auto traffic going at a 
greatly disparate speed. 

Even marked bicycle lanes used in some traffic calming schemes to help share the road 
can be dangerous if cyclists are suddenly confronted by opening doors on parked cars, 
vehicles backing out of driveways, or auto traffic squeezing into their lane to get by other 
cars in a narrow street. And left turns from bike lanes are a problem for bicyclists. 
 

Potential Drawbacks of Boulevards; San Francisco Bicycle Advisory Committee  
Bicycle Plan - Part 6 
http://www.sfgov.org/site/bac_page.asp?id=11544#P45_4180 
 
Traffic calming in and of itself is not a panacea for bicycle travel. Bicyclists, particularly 
experienced bicyclists, can get about efficiently on existing roadways, if (and it's a big if) 
they are given reasonable surface quality and lane-sharing width. It is not enough by 
itself, because it does not guarantee surface quality or route directness and continuity. At 
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times it may not even be beneficial, because: 

• Traffic calming may restrict the movement of bicyclists as well as motorists. 

• Traffic calming may force bicyclists to share road space with pedestrians, although 
their speeds and movements are very different. 

• Traffic calming design features may inadvertently inconvenience or even endanger 
bicyclists. 

Conclusion - If used properly, however, traffic calming can provide routes that are 
attractive to the majority of bicyclists. In addition, it must be acknowledged that there is a 
class of bicyclists, (much larger than the existing number of bicyclists in San Francisco) 
that would ride on traffic-calmed bicycle priority streets but not on major arterials no 
matter how wide the lane or bike lane. These bicyclists include casual or novice adult 
riders and children and young teens. 

Cycle And Pedestrian Considerations At Roundabouts  
Florida Department of Transportation 
http://www.dot.state.fl.us/researchcenter/Completed_Proj/Summary_SF/FDOT_82.pdf 
 
• The introduction of roundabouts leads to a slight reduction in pedestrian casualty 

accidents, yet increases bicycle casualty accidents.  
• Casualty accident rates are reduced by 68% following the installation of roundabouts.  
• Roundabouts effectively reduce right-angled accidents by 87%, with a 47% reduction 

in overall reported accidents.    
• Bicycle accident rates at roundabouts are 15 times those of cars, and pedestrian 

accident rates are equivalent to those of cars.    
• Accident studies found that multi-lane roundabouts are more stressful to bicyclists 

than single-lane roundabouts.    
• In comparison, multilane roundabouts are not as safe as single-lane roundabouts, since 

pedestrians have to cross a larger distance. In most situations, single-lane roundabouts 
provide a satisfactory level of safety for bicyclists compared to other types of 
controlled intersections. This is due to the lower speeds of vehicles, as well as fewer 
conflict points, compared to multi-lane roundabouts or other types of intersections.    

• Special provisions for bicyclists are not normally required at roundabouts.  Several 
guidelines recommend the provision of a special bicycle facility in case of high bicycle 
volume at the outer perimeter of the roundabout, if space permits.   

• The majority of roundabout design guidelines recommend offsetting the pedestrian 
crossing by one to three car lengths from the yield line of the roundabout. This will 
allow the motorists that are approaching the roundabout to yield to pedestrians that are 
crossing the approaches, which will then cause motorists to look for an acceptable gap 
in order to merge with the circulating flow.  

• Crossing provisions are preferable, in association with splitter islands, either as an 
unmarked crossing place with curb cuts or incorporated into a marked crossing.    

 
• The yield line pavement marking should be aligned with the edge of the splitter island.   
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• Avoid over signing at roundabout locations to avoid confusion when driving.   
• Neither landscaping nor warning and directional signs should obstruct a driver’s line 

of sight at roundabouts.   
• When pedestrian and bicycle crossings are added to an approach of a roundabout, all 

measured indicators show a significant increment to that approach, as well as a 
variable reduction for the other approaches. Because the location of the crossing is on 
one approach only, the vehicles that stop for pedestrians and/or bicycles crossing the 
approach create a gap that is in turn utilized by the entities at the other locations of the 
roundabout.   

• The introduction of bicycle lanes reduces the average overall times in the roundabout 
for the vehicles on the north and south approaches, while the overall time for the 
vehicles on the west and east approaches tends to increase.  
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