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Abstract

This project was created as a follow-on to PATH Task Order 6203, to extend the studies
of bicyclist signal timing that were conducted in that project to a wider range of
intersections and traffic signal control scenarios. This work is motivated by the legal
requirement, instituted by the California Legislature, that the road network provide equal
service to bicyclists as it does to motorists. Based on the preliminary findings from Task
Order 6203, Caltrans issued Traffic Operations Policy Directive (TOPD) No. 09-06
effective September 10, 2009, including guidance on signal timing to serve bicyclists.
Additional field measurement data on bicyclist intersection crossing behavior were
needed to verify that the preliminary findings from TO 6203 would remain applicable for
more diverse intersections in different parts of the state, with a full range of bicycling
populations and traffic conditions. Furthermore, because questions were raised about the
potentially adverse traffic impacts of providing longer minimum green times on all signal
phases to meet bicyclists’ needs, more extensive traffic simulations were needed to
quantify the traffic impacts of a variety of signal control strategies in coordinated
corridors, where the signal progressions could potentially be disrupted.

Keywords: Bicycling, traffic detection, traffic signal timing.



Executive Summary

This project was created as a follow-on to PATHKI@sder 6203, to extend the studies
of bicyclist signal timing that were conducted lat project to a wider range of
intersections and traffic signal control scenaridbis work is motivated by the legal
requirement, instituted by the California Legistatuthat the road network provide equal
service to bicyclists as it does to motorists. d8lagn the preliminary findings from Task
Order 6203, Caltrans issued Traffic Operationsdydliirective (TOPD) No. 09-06
effective September 10, 2009, including guidancsignal timing to serve bicyclists.
Additional field measurement data on bicyclist ieextion crossing behavior were
needed to verify that the preliminary findings fr@i® 6203 would remain applicable for
more diverse intersections in different parts af skate, with a full range of bicycling
populations and traffic conditions. Furthermoregduse questions were raised about the
potentially adverse traffic impacts of providingnger minimum green times on all signal
phases to meet bicyclists’ needs, more extensafictsimulations were needed to
guantify the traffic impacts of a variety of sigraintrol strategies in coordinated
corridors, where the signal progressions couldmi@ky be disrupted.

The PATH portable video data acquisition system usesl to collect data about bicyclist
crossing times and speeds at five new intersegttorsomplement the data previously
collected at two intersections. The combined fat@ the seven intersections provide
considerable geographical diversity (Urban, submiidrad rural, including northern and
southern California and Central Valley), diversifybicycling population (commuters,
recreational and serious bicyclists), and diversitintersection size and geometry. The
complete distribution of bicyclist cruising speedss derived for all seven intersections,
and the start-up timing relative to the onset efgheen traffic signal phase was derived
for six of the intersections. These charactemzegiof bicyclist behavior are expressed in
terms of the complete cumulative distributionsttsat a user of the data can choose
which percentile of the bicyclist behavior they wemaccommodate in the selection of
signal timing.

The data about bicyclist crossing times show dlgfwences of several factors that need
to be accounted for in selection of signal timimgaddition to the obvious importance of
street width. Since bicyclists are strongly aféecby road grades, it is necessary to allow
additional clearance time for intersections witngicant grades on the approaches. In
addition, the demographics and trip purposes obtbclists influence their crossing
times. Where there is a significant proportiomesdreational bicyclists or families with
children, the crossing times are longer.

The data are compared directly with the timing reogendations in Caltrans TOPD 09-
06, showing that those recommendations appear ¢eherally suitable for serving the
needs of 85% of the bicycling population (subjecadditional adjustments needed for
intersections with special circumstances such adeag or a significant proportion of
children or recreational bicyclists). This prowdmnfirmation of the validity of those
timing recommendations, but does not provide agafftly complete set of data to



support development of a detailed handbook of tynguidelines for all combinations of
conditions.

The signal timing recommendations in TOPD 09-06 d@aquire increases in the
minimum clearance intervals for wide intersection€alifornia, with minimum green
times significantly longer than the current 4 simimm. In order to assess the
implications of these changes for vehicular trafficetailed traffic simulation was
conducted for a suburban arterial with signal pesgion. The bicycle-friendly signal
timings were substituted for the current signalnigs and traffic was simulated under
moderate (mid-day) density conditions and low dgr=nditions (20% of the mid-day
volumes). In both conditions, the effects on ttapeed and delays were negligible,
while the number of stops increased slightly. $ame corridor was simulated with the
addition of pedestrian crossing phases, and thdtseshowed that these had a much
larger impact on traffic speed, delay and numbestaghs than the retiming for bicyclists.
Since our prior research under TO 6203 already sddwat the effects of signal retiming
for bicyclists were negligible under peak traffenclitions, it appears to be reasonable to
conclude that there should be no concerns abdtittirmpacts of implementing TOPD
09-06, especially when the signal timing is re-mized after the bicycle minimum times
are included.

The results reported here provide strong suppothiapplication of the signal timing
recommendations in TOPD 09-06 to accommodate tedsef bicyclists crossing
intersections. This should enable new signalsettrbed for bicyclists from the start, as
well as enabling rational re-timing of existingrséds. However, additional work will be
needed to produce an authoritative handbook thmepoavide detailed quantitative
guidance for traffic engineers regarding how toetisignals for bicyclists under the full
range of conditions that they will encounter ingtiee.
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1. Introduction

This project was created as a follow-on to PATHKI@sder 6203, to extend the studies
of bicyclist signal timing that were conducted lat project to a wider range of
intersections and traffic signal control scenaridbis work is motivated by the legal
requirement, instituted by the California Legistatuthat the road network provide equal
service to bicyclists as it does to motorists. d8lagn the preliminary findings from Task
Order 6203, Caltrans issued Traffic Operationsdydliirective (TOPD) No. 09-06
effective September 10, 2009, including guidancsignal timing to serve bicyclists.
Additional field measurement data on bicyclist reetion crossing behavior was needed
to verify that the preliminary findings from TO 62ould remain applicable for more
diverse intersections in different parts of theestavith a full range of bicycling
populations and traffic conditions. Furthermoregduse questions were raised about the
potentially adverse traffic impacts of providingnger minimum green times on all signal
phases to meet bicyclists’ needs, more extensafictsimulations were needed to
guantify the traffic impacts of a variety of sigrwaintrol strategies in coordinated
corridors, where the signal progressions couldmi@ky be disrupted.

TOPD 09-06 specified that the signal timing shdugdoased on an assumed bicyclist
cruising speed of 10 mph and an additional statirap for standing starts of 6 seconds.
This was used to calculate the sum of the minimweerginterval, yellow interval and
red clearance interval for signal controllers &srection of the intersection width (where
that was defined based on the distance from thie lime to the far side of the last
conflicting lane, plus 6 feet for the length of thieycle). The results were tabulated in a
table for widths from 40 feet to 180 feet in incieamts of 10 feet, producing required
minimum phase lengths ranging from 9.1 to 18.7 sdso Since the default minimum
green time in California has been 4 seconds, $hikely to lead to significant increases
in some minimum green times, especially for wischéelisections.

The promulgation of TOPD 09-06 generated contrgvarsong local traffic engineers in
California, leading to an alternate proposal by@ty of Vacaville that was supported by
Orange County and several other jurisdictions. s€heaffic engineers were concerned
that the increased minimum green time requirementidvproduce adverse traffic
impacts in several ways: depriving large, heatrdyeled arterials of green time in order
to serve smaller cross-streets with light traffiof only during peak periods but also off
peak; requiring excessive green times for leftingrphases at large intersections where
bicyclists rarely if ever make left turns; and reoug longer total cycle times to serve all
phases at large 8-phase intersections, where thienomn green time would have to be
increased for every phase. Vacaville proposedth@abicycle signal timing requirement
be based on a 15 mph cruising speed plus a 1 spevoeption-reaction time and the
time needed to accelerate to the cruise speedas af 3 ft/s/s (about 0.1 g). They also
suggested an option for intersections with a higipertion of young bicyclists, reducing
the cruising speed to 10 mph and the acceleragi@nto 1.5 ft/s/s (about 0.05 g).



2. Selection of Field Data Collection Sites

The original field data collection reported in tiveal report on PATH Task Order 6203
(PATH Research Report PRR-2009-37) was conductiuoaintersections in Palo Alto
and Berkeley. When these results were reportéloet@alifornia Traffic Control Devices
Committee (CTCDC), they indicated the need to sta flom a wider range of
intersections that would not just be in Bay ArehAwsban university towns, but would
represent more of the state. This meant thatstwemessary to include data from
Southern California, the rural Central Valley, atdeast one of the major metropolises
(Los Angeles or San Francisco). Therefore, sitesting these criteria were sought for
the new data collection in this project. The pcogaff contacted traffic engineers and
bicycle coordinators in San Francisco, Los Angdlesg Beach, Davis, Vacaville, and
Santa Monica to identify promising intersectionatthave a high volume of bicycle
traffic and a wide range of other important chaggstics that could affect bicyclist
crossing times and speeds:

- bicyclist demographics (young adult, mature gahtld)

- bicycling trip purposes (commuting vs. recreadipn

- local traffic conditions (density and speed, esqly on the cross street)

- intersection geometry (approach widths and gractesvn on cross street).

The candidate intersections that were recommermtenuf consideration were as listed
below, and the places where we actually collectdd dre indicated in boldface:

San Francisco

Polk at Sutter — bike lane with strong commute bicycling and gigant grade

Marina at Cervantes — high volume of recreational and family bicydist

Market at Valencia — large intersection with hesaff-turning commute bicycling

Church at Market — wide intersection with heavy oame bicycling traffic

Market and 5th Streets — heavy bicyclist commutiemes, but no good place to park the
data collection system

Los Angeles
Venice at Beethoven — bicycle lane serving diverse and leisure bisysli

Laure Canyon at Chandler — extremely wide (180 ft), diverse population

Reseda Blvd / Oxnard St. — Near dedicated buswagditenough bicyclists

Balboa / Victory -- large intersection but not egbuwbicyclists

Van Nuys Blvd /Oxnard Blvd — Large intersectiont ha bicycle lane or bicyclists
Chandler Blvd / Vineland — Adjacent intersectiovésy close; thus the collected data
would not be representative

Sunset Blvd. / Silverlake Blvd. (Parkman Ave.) 8ilake and Sunset do not meet but
they are connected through a downgrade ramp, tiffiitl to park/observe

Sunset Blvd./ Griffith Park Blvd. (Maltman Ave.}hree roads (Sunset, Griffith Park, and
Maltman ) meet in a non-typical way

Sunset Blvd. / Hyperion Ave. - the two roads meigh\&n angle and one side of
Hyperion is a high grade uphill.



Sunset Blvd. / Santa Monica Blvd. (Sanborn Avé&unset, Santa Monica, and Sanborn
meet in a non-typical way and the South side ob8emis uphill.

Venice Blvd / Sepulveda Blvd. — large intersectmath bicycle lane, but no good place
to park the data collection system

Venice Blvd / McLaughlin — bicycle lane serving dige and leisure bicyclists

Venice Blvd / Inglewood Blvd. — bicycle lane senyidiverse and leisure bicyclists
Venice Blvd / Centinela Blvd. — bicycle lane sexyiiverse and leisure bicyclists
Paseo del Mar / Weymouth or Patton or Gaffey - @det Mar is an ocean-side scenic
drive road next to many parks. All three are Tefaéctions with no traffic signals.

Rose / Pacific — new bike lane

Davis

Anderson at W. 8" St. — high volume of college student bicyclists, aspecting many
teen bicyclists because of nearby middle school

Cowell at Drew — high volume of college student bicyclists

Villanova at Anderson Road — high volume of collsigdent bicyclists, also expecting
many teen bicyclists because of nearby middle dchoo

Sycamore at Covell Boulevard — large intersectidth Wike lanes with college and
family bicyclists, but no good place to park théadeollection system

F Street and E. 14th Street — T-intersection wiikle kanes, high volume of teen
bicyclists because of nearby middle school and bajtool

Arlington at Shasta Drive — T-intersection with ®dilanes, near a park with very young
bicyclists

Santa Monica

Main Street at Marine — complicated urban traffic, mixed bicycling poatibn, unusual
intersection geometry producing wide range of stgnpositions for crossing bicyclists.
Main Street at Hill

Main Street at Ashland

San Vicente Boulevard al'Btreet

Broadway at #, 11" or 17th Streets

Ocean Avenue at Colorado Avenue

California Street and Ocean Avenue — left turnirgydists

Ocean Park Boulevard and Main Street — left turmiegclists

The seven intersections where we collected bidyciisssing data are described below.

2.1 Polk at Sutter St., San Francisco

This intersection was chosen because it is in -t@nsity urban setting with a
reasonably high volume of commuter bicyclists afedse age and vigor and a significant
grade on the approaches (4.5%). The intersedseif is flat, despite the grade on the
approaches, and the cross-street (Sutter) is opewtach simplifies the bicyclists’
responsibility to check the cross traffic statukobe proceeding into the intersection.
They also have very good visibility of the crossfic. These factors are the likely
reasons that 60% of the standing start bicyclistsia intersection did not even wait for



the green signal, but started moving prior to tteeg onset. The crossing distance of 58
ft. was measured from the stop bar on the stasiihg of the intersection to the curb line
on the opposite side (equivalent to the front eafgbe pedestrian crosswalk).

The Google Earth view is shown in Figure 2.1, iatiig the location of the data
collection trailer and video cameras, where theyiaed visibility of bicyclists traveling

in both directions along Polk St. The cross str8atter, has three lanes of heavy one-
way traffic, with a posted speed limit of 25 mphdgarked cars on both sides.

LRl :
S utte WAt PAKS Sarlfr@‘féfsco‘ CA 94109
® ‘ 4 - o
e - - ’

Figure 2.1 San Francisco, Polk at Sutter DatagCttin Site

2.2 Marina at Cervantes, San Francisco

This site was chosen to get recreational bicycbétiverse demographics, especially
including families with children, because of itgdbion in the tourist-heavy Marina
district of San Francisco. Indeed, one Saturdagbstrvation time yielded a large
number of bicyclist samples, although many of tleemld not be tracked effectively
because they were surrounded by high density pealestaffic in the crosswalk. In
some of these cases, the pedestrian density waglsthat it impeded the bicyclists’
movements and would have corrupted the data -esetkcenarios it is reasonable to
assume that a pedestrian call would have beendgsuge signal controller and the
bicyclists would not be depending on a vehicle cletebased actuation. In other cases,
where the pedestrian traffic provided only limitaterference with the bicyclists and/or



the pedestrians were running rather than walkimg data were retained for analysis.
This intersection and its approaches are flat badtoss traffic is slow and benign
(entering and leaving the waterfront parking lot).

The Google Earth view of this intersection is showfigure 2.2, indicating the location
of the data collection system and its view of tieyde traffic. Figure 2.3 provides
examples of the video data in a scenario with pedescongestion impeding bicycle
movement (red circled bicyclists in right-hand irepgnd with pedestrian density low
enough that the bicycle timing data were judgebeealid and useful for this study (blue
circled bicyclists in left-hand image and outside pedestrian crossing in right-hand
image). The video observations of the traffic aigmere troublesome at this intersection,
and in some cases it was not possible to distingtis green onset time. This limited the
number of samples for which we could estimate tag-sip offset time.

Figure 2.2 San Francisco, Marina at Cervantesdetéion



Figure 2.3 Pedestrian Interactions with Bicyclstd/larina at Cervantes: Acceptable
interference for valid data (blue circles) and wegutable interference for valid data (red
circles)

2.3 Venice Boulevard at Beethoven, Los Angeles

Venice Boulevard was recommended by the City of Angeles because of its bicycle
lanes and an expected high volume of bicycliste Wére also expecting to get a good
percentage of school children because of a neatiyosand of recreational bicyclists
accessing Venice Beach. However, the bicyclistobserved here were actually the
strong, hardy young adult commuters. We belieagftthis is because this is an
intimidating route for bicyclists, with fast andgrgssive vehicular traffic along Venice
Blvd. and relatively long distances to travel td geand from origins and destinations of
interest. The intersection and its approacheflare

The Google Earth view of this intersection is showfigure 2.4, indicating the data
collection van location and our view of the eastimbbicyclists along Venice Blvd.



Figure 2.4 Los Angeles, Venice at Beethoven

2.4 Laurel Canyon at Chandler, Los Angeles

Laurel Canyon was recommended by the City of LogeMs because of its bicycle
lanes, and the intersection at Chandler was pé#atigunteresting because of its great
width (180 ft), which would allow us to get a dataint for one of the widest streets we
are likely to encounter in California. Unfortunigtehe bicycle traffic at this intersection
was extremely low, and after more than a full dhgliservation we were only able to
observe 36 standing start bicyclists and 18 roltitegt bicyclists. Since it would be
necessary to have many more samples than thisler tr support any statistically valid
analysis, we determined that we could not justiy large additional investment of time
and effort that would have been needed to obtaisahle data set at this intersection.



/on, 3lvdi&iChandlerBIVd, Los A

Figure 2.5 Laurel Canyon at Chandler, Los Angeles

2.5 Davis, Anderson at West Street

It was very difficult to find locations with highidyclist volumes in the rural Central
Valley except in Davis, which is a well-known biéipg Mecca. So, we contacted the
City of Davis for recommended locations. We weaetipularly interested in locations
where we could collect data on school children diag to and from school, to
understand how different their timing needs arenfthose of adults. We chose this
intersection because of its proximity to an eleragnand a middle school, but in the end
the bicyclists that we observed were predominddt{y. Davis students going to and
from the campus rather than school children. @&heas a strong commute pattern,
southbound in the morning and northbound in therafton, requiring slightly different
alignment of the video cameras as shown in Figwe Zhis intersection and its
approaches are flat. The width of the crossir@pigeet, representing three lanes of
traffic (two though lanes, one in each directiomd @ left turn lane), plus residential
parking along the curbs. The speed limit is poste®D mph, with very light cross traffic
and excellent visibility of the cross traffic byetbicyclists.



Figure 2.6 Anderson at West &t, Davis

2.6 Davis, Cowell at Drew

The physical characteristics and bicycling popuolatt this intersection turned out to be
very similar to those at Anderson at WetSreet, but we had a lower volume of
bicyclists here and could only observe one directibtravel. In order to conserve
project resources, we decided to defer proceshisgsét of data until we had a
sufficiently diverse collection of data sets frame other sites, to make sure that we
would be able to capture the widest possible wanébicyclist crossing scenarios. This
intersection is seen in Figure 2.7.

SENERETTTITITL

Figure 2.7 Cowell Blvd. at Drew Ave., Davis



2.7 Santa Monica, Main at Marine

This intersection provided us with a high-densitiyan setting in Southern California,
with complicated traffic patterns and a diverse wiibicyclists. Because of the unusual
geometry of the intersection, with an offset sitteet, bicyclists tended to stop at a wide
variety of locations within the intersection ratliean all stopping near the stop line. The
traffic density and speed were moderate and tleesattion flat.

Figure 2.8 Main at Marine in Santa Monica

The characteristics of the data collection sitessaimmarized in Table 2.1 below.

10



Table 2.1 Summary of Intersection Characteristics

Palo Alto| Berkeley | Davis S.F. S.F. |Los Angelep Santa Monica
Park at E| Russell atf Anderson| Polk at | Marina at| Venice at|Main at Marine
Camino | Telegraphjat West 8th Sutter | Cervantes| Beethover]
Width 125 ft, 84 ft, 60 ft, 58 ft, 63 ft, 63 ft. 48 to 84 ft.
Traffic lanes 7 lanes| 4lanes | 3lanes | 3lanes| 4 lanes 2 lanes 2 lanes
Speed 40 mph 25 mph 30 mph 25 mph 25 mph 25 mph 25 mph
[Limit
Cross Heavy | Moderatg Very LighOne-way}] Light Very Light Moderate
traffic heavy | (Driveway)
| nter section| Crowned Flat Flat Flat Flat Flat Flat
\Visibility Limited Better Best Best Best Very gopd Depends pn
starting point
Approach Flat -3.4%, Flat +/- 4.5% Flat Flat Flat
grades +2.5%
[Biketraffic| Evening| Allday [ Commutel All day | (Weekend) All day All day
commute Recreation
[Bicyclists Young | Diverse College| Diverse | Tourists,|Half expertg Mix of tourists
adults students families and experts

11



3. Bicyclist Crossing Time Data Analysis Results

The video images of the bicyclists crossing thersgctions were analyzed using the
method that was already described in the technegetdrt on our previous project, UCB-
ITS-PRR-2009-37. The trajectories were extractethfthe video sequences using the
video tracker software and these trajectories wer characterized in terms of their
slopes (representing cruising speed) and the dffeetfrom the green onset until the
cruising-speed slope intersected the startingilmeatThis provided for two parameters
to fully characterize standing-start crossings ame parameter for rolling-start crossings.

The data for each intersection are first presemgididually, and are then combined so
that the similarities and contrasts can be seen.

3.1 Data for Polk at Sutter in San Francisco

At this intersection, we collected data on 54 aBdtanding starts in the two directions
and 217 and 270 rolling starts in the two direciontravel during two days of
observations. Because of the strong grade alohgSRo(about 4.5%) there was a
significant difference in the speeds of the rollgtgrt bicyclists in the two directions.
The signal timing along Polk St. favored bicyclistfling through on the green, and
relatively few bicyclists had to stop for the sign@he numbers of bicyclists in each
direction was too small to produce a good statibticstribution, but fortunately the
intersection itself is flat so there is no sigraint difference between the northbound and
southbound standing start bicycling, and it wassjiids to combine the data for both
directions to produce a single distribution. Ttensding start trajectories for the two
directions of travel are shown in Figure 3.1.

Bike trajectories for City of San Francisco, Polk st & Sutter, SouthBound, Standing Start
\ 5

¥ position
¥ position

L L
15 20 25

|
25
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Figure 3.1 Standing-start bicyclist trajectoriesRolk at Sutter, Northbound on left and
Southbound on right
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The red and orange profiles superimposed on thagetories represent the formulas
that were recommended by the City of Vacavilleddult bicyclists (red) and child
bicyclists (orange) respectively. Although the ¥ate formula for children would
serve most of the adult bicyclists at this site, fiirmula for adults would only serve the
fastest half of this bicycling population. Notetwide range of starting locations for
these bicyclists, who had to contend with vehicdfic and parked vehicles on this
crowded street and could not always stop righbaistop line.

The contrasts in the rolling start results reflbet strong grade on Polk Street. Figure 3.2
shows the histograms of the rolling speeds inwtedirections and Figure 3.3 shows the
cumulative distributions.

PDF for Speed of Rolling start bikes, City of San Francisco, Polk, Northbound PDF for Speed of Rolling start bikes, City of San Francisco, Polk, Southbound
T T T T T T T

30

8 10 12

Speed(mph)
Speed(mph)

Figure 3.2 Histograms of rolling start speeds otk 5t., northbound on left and
southbound on right
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Figure 3.3 Cumulative distributions of rolling gtapeeds on Polk St., northbound on
left and southbound on right

Because there were only a limited number of stansiarts, and the direction of travel
did not appear to have a significant impact on disyy behavior, the data for northbound
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and southbound standing start bicyclists were coatinto a single dataset for analysis.
The histogram of standing start offset times isagho Figure 3.4 and the cumulative
distribution is in Figure 3.5.

PDF for Offset of Standing start bikes, City of San Francisco, Polk, Northbound and Southbound
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Figure 3.4 Histogram of standing start offset Snag Polk at Sutter
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Figure 3.5 Cumulative distribution of standing stefset times at Polk and Sutter
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The final crossing speeds for the standing stastdiists at Polk and Sutter are depicted
in the histogram of Figure 3.6 and the cumulatisridution of Figure 3.7. These show
that we found a few very fast, sporty bicyclistsehdut they are far removed from the
large majority of the bicyclists. These speedscaraparable to the cruising speeds of
the uphill rolling start bicyclists at this intect®n.

PDF for Speed of Standing start bikes, City of San Francisco, Polk, Northbound and Southbound
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Figure 3.6 Histogram of final crossing speedstafiding start bicyclists at Polk and
Sutter
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Figure 3.7 Cumulative distribution of final crasgispeeds of standing start bicyclists at
Polk and Sutter
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3.2 Data for Marina at Cervantes, San Francisco

The data at this intersection covered both direstiaf travel, eastbound and westbound,
in a location dominated by recreational bicyclistsa Saturday. This location had the
highest density of bicyclist traffic of any of tsampled locations, and in some cases the
density was so high that it was hard to distingunstividual bicyclists moving in

clusters. The pedestrian traffic at this locatias so dense that in some cases it
impeded the motions of the bicyclists, so thesa datnples were not analyzed because
they are not relevant for determining the crossimgs of bicyclists who need to actuate
green cycles through detection systems (in thesesc@edestrian calls are going to
determine the selection of minimum green times).

The processed data for this intersection covespleeds of the rolling start crossing
maneuvers (107 westbound and 64 eastbound), bthexstanding starts. Unfortunately
the video imagery of the traffic signal status wasgood enough to enable
determination of the phase changes, which madepbssible to identify the offset times
of the standing start bicyclists.

Figure 3.8 shows the histograms of the eastbouddvastbound rolling start crossing
speeds at this intersection. The cumulative thstions of these speeds are shown in
Figure 3.9. Even though the shapes of the histogtaok quite different from each
other at this level of aggregation, when we condide full data set in the cumulative
distribution we can see that the key percentileeslare really quite similar for both
directions of travel. At the median and lower gertdes, the speeds are very similar for
both directions. The upper tail of the westbouistrtbution shows higher speeds
because this included the bicyclists who rode éndiwrb lane of Marina Blvd in that
direction, not only the bicyclists who used the ggtdan crossing.

PDF for Speed of Rolling start bikes, City of San Francisco, Marina, Eastbound PDF for Speed of Rolling start bikes, City of San Francisco, Marina, Westbound
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Figure 3.8 Histograms of crossing speeds forrgliitart bicyclists at Marina and
Cervantes, eastbound and westbound directionsatbsgle
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Comparison of CDFs for the Speed of Rolling Start Bikes at SF Marina
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Figure 3.9 Cumulative Distribution of Crossing 8ge for Rolling Start Bicyclists at
Marina and Cervantes

These bicyclist speeds are significantly slowenttiee rolling start speeds observed at
the other intersections, including the intersediaith significant positive grades. This
shows the significance of the bicycling populataod trip purpose for bicyclist speeds.
This location was the one location with a strongeational flavor and with a higher
proportion of families and children among the blstgopulation, indicating that the
bicyclist signal timing needs to be adjusted basethctors such as these.

3.3 Data for Venice Blvd. at Beethoven, Los Angele

At this intersection, we collected data for westibicyclists, primarily in the bicycle
lane on Venice Blvd., as they crossed Beethoverer @vo days of observation, we
captured usable data for 79 standing start anddlliiig start bicyclists, with a very
diverse bicycling population including serious estd (about 50%), commuters, tourists
and high school students (about 10%). The highgton of serious cyclists is
probably associated with the fact that this islatieely intimidating bicycling
environment, with very fast vehicle traffic alongMce Blvd.
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The intersection is flat, with a width of 63 feet the crossing of Beethoven, and the
bicyclists have very good visibility of the crosaffic, so they do not need to build in
extra margins for dealing with uncertainty abowt tihoss traffic. The trajectories of the
standing start bicyclists at this intersectionstrewn in Figure 3.10.

Bike trajectories for City of LA, Beethoven, YWestbound, Standing Star
25

20

15

e
=

Y position

| 1 | |
5 g 5 10 15 20
Tirme relative to green signal

Figure 3.10 Trajectories of standing start bicstslion Venice crossing Beethoven

The speeds of the rolling start bicyclists are shawthe histogram of Figure 3.11 and
the cumulative distribution of Figure 3.12.
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PDF for Speed of Rolling start bikes, City of Los Angeles, Venice@Beethoven, Westbound
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Figure 3.11 Histogram of rolling start crossingsg@s on Venice at Beethoven
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Figure 3.12 Cumulative distribution of rolling gtarossing speeds on Venice at
Beethoven

The standing start bicyclist crossings are charaet@ by their offset times and final

crossing speeds. The offset time histogram is shawigure 3.13 and its cumulative
distribution is in Figure 3.14.
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Figure 3.13 Histogram of standing start offsettifor Venice at Beethoven
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Figure 3.14 Cumulative distribution of standingrsbffset time for Venice at Beethoven

The final crossing speeds for the standing stastdiists on Venice at Beethoven are
shown in the histogram of Figure 3.15 and the cative distribution of Figure 3.16.
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Figure 3.15 Histogram of final speeds for standitagt bicyclists on Venice Blvd.
crossing Beethoven
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Figure 3.16 Cumulative distribution of final crogg speed for standing start bicyclists
on Venice at Beethoven

3.4 Data for Anderson at West Street, Davis
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This intersection, in a residential area of Dakie] very heavy bicyclist traffic.

Although we were hoping to observe many schoolcéil using their bicycles here, the
bicycling population was dominated by U.C. Davisdgints commuting to and from
classes. The volume of bicyclists was high encaughthe flow was sufficiently
directional based on the start and end of the daapothat it was possible to distinguish
differences between the morning and evening compattern bicycling trips. In two
days of observations, we recorded 426 southbouhdgatart crossings and 266
southbound standing start crossings (morning commiwéction). In the northbound
direction, we added another 161 rolling start arggsbut did not have enough standing
start crossings to do a separate analysis fodtrestion of travel.

Bike trajectories for City of Davis, Anderson 5t & Bth, Southbound, Standing Start

Figure 3.17 Trajectories of southbound standiag sicyclists on Anderson Rd.
crossing West'8 Street

The histograms of the rolling start bicyclist spe@tdboth directions along Anderson at
West &' Street are shown in Figure 3.18, and the cumatistributions of these speeds
are shown in Figure 3.19. Although the populatbbicyclists is largely the same
(university students) and the traffic condition®igr, the northbound speeds are
noticeably higher. The best explanation we caa far this is that the southbound trips
were morning rides toward the U.C. Davis campusthadorthbound trips were
afternoon rides back home, when the riders wereereager to reach their destinations.

For the southbound standing start bicyclists, isogram of starting offset times is
shown in Figure 3.20 and their cumulative distribts in Figure 3.21. The final rolling
speeds for these bicyclists are characterized éwigtogram of Figure 3.22 and the
cumulative distribution of Figure 3.23.
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Figure 3.18 Histograms of Rolling start speed#®\nderson Rd., southbound (morning)

on left and northbound (afternoon) on right.
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Figure 3.19 Cumulative distributions of rollingdtspeeds on Anderson Rd.,
southbound (morning) on left and northbound (afterr) on right
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Figure 3.20 Histogram of standing start offsetitebound, on Anderson Rd.
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CDF for Offset of Standing start bikes, City of Davis, Anderson, Southbound
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Figure 3.21 Cumulative distribution of standingrsbffset on Anderson Rd.,
southbound
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Figure 3.22 Histogram of final crossing speedsstanding start bicyclists, southbound
on Anderson
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Figure 3.23 Cumulative distribution of final cross speeds for standing start bicyclists
on southbound Anderson Rd.

3.5 Data for Main at Marine, Santa Monica

The width of the crossing of Marine could be coesadl to range from 48 feet to 84 feet,
depending on whether the bicyclist starts at tbp Bhe behind the pedestrian crossing or
at the curb line where the cross traffic passess iBhin a busy commercial area, two
blocks from the beach, with moderate cross trafficMarine. The bicyclists include
tourists (about 40%), serious cyclists (about 4003 commuters. The visibility of

cross traffic for bicyclists depends on the stgrtimcation. The signals along Main Street
seem well suited for bicyclists, generally keepingm moving smoothly. This means
we observed many more rolling bikes than standiag bikes at this intersection. We
also observed a lot of semi-rolling and early dbéces, anticipating the signal change. In
total, we recorded usable data on 79 standinglsitees and 240 rolling bikes in three
days of observations.

The trajectories of the standing start bikes aog&tgdl in Figure 3.24, which shows the
wide range of starting positions of the bicyclisése. This diversity of starting positions
(and therefore of crossing width) made it imposstol characterize this intersection with
a single value of width for purposes of data sunirason.
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Bike trajectories for City of LA, Main & Marine, Southbound, Standing Start
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Figure 3.24 Standing start trajectories for soatiial crossing of Marine on Main St. in
Santa Monica

The rolling start bicyclists are characterized g histogram and cumulative distribution
plot of their cruising speeds, as shown in Fig#2% and 3.26.
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Figure 3.25 Histogram of rolling speeds of bicstdicrossing Marine on Main
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CDF for speed of Rolling start bikes, City of Los Angeles, Main@Marine, Southbound
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Figure 3.26 Cumulative Distribution of rolling gthicyclist speeds on Main at Marine

The standing starts are characterized by theiebfimes and final cruising speeds. The
offset time histogram is shown in Figure 3.27 asctumulative distribution is in Figure
3.28. One bicyclist distracted by a conversationmd) a signal change accounted for the
single extremely long offset time sample.
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Figure 3.27 Histogram of offset times for standstayt bicyclists on Main at Marine
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Figure 3.28 Cumulative distribution of offset tig#®r standing start bicyclists on Main
at Marine

The final cruising speeds of the standing stargdists are shown in the histogram and
cumulative distribution of Figures 3.29 and 3.30.
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Figure 3.29 Histogram of final crossing speedstanding start bicyclists on Main at
Marine
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CDF for speed of Standing start bikes, City of Los Angeles, Main@Marine, Southbound
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Figure 3.30 Cumulative distribution of final crogg speeds of standing start bicyclists
on Main at Marine.

3.6 Comparisons of data from all observed intdises

The relationships between bicycling behavior arddaracteristics of the intersections
only become apparent when the data from the diifargersections are plotted together,
S0 in this section we combine the cumulative distion plots from all the intersections
that had full data sets. This begins with thesing speed for the rolling starts, which is
the simplest parameter to compare, as plottedgargi3.31.

It is clear from Figure 3.31 that two of the thetewest cruising speeds are for the uphill
bicyclists in San Francisco and Berkeley and twthefthree fastest cruising speeds are
for the downhill bicyclists at the same interseasioso the strong effect of grade is
obvious. The slowest cruising speeds of all, atslow tail of the distribution, are for the
family recreational bicyclists using a pedestriamssing along Marina Blvd. in San
Francisco, indicating the importance of accountarghe local bicycling population and
peculiarities of the crossing. In contrast, tHeeotfast speed distribution is for the
vigorous young adults leaving the Stanford campusid the evening commute period.
The bicyclists at the flat intersections in Davigldhe Los Angeles area were clustered in
the middle. The more recreationally oriented blisys in the heavier traffic of Santa
Monica were somewhat slower than the U.C. Davidesits in their low-density
residential area, and as previously observed thesBéudents going home in the evening
were somewhat faster than they were heading toth@rdampus in the morning.
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Based on these data, it looks reasonable to asa@wi®ile cruising speed of about 12
mph at flat intersections, with a 20%ile of aboQtmph and a 10%ile of about 8 mph.
These values need to be reduced where theregsificant grade and where the
bicycling population is weighted toward recreatidniayclists and/or families with
children, or where the bicyclists must use a pe@strossing.

i~
asE
ngE
Uphill

L o

UL -

= ]

A
£ J 17
"I SF Marina- {J, fllr'f |
a3k QEcrea'.i:-naI“'H-H___,.”f I'|r

— Stanford young adults

— =F Falk Marihbgurd
5F Palk Sauthhound

Palo AHo Park Essiboarrd
Crwivs Andarsn Soathbaund
e = [iwis Andermon blothouad

; L :
Il.l

ol .-"Tr Erkighay Takigiagh Wisilhouad

"ny - Eerk:play Talagraph Exalbound
ai . i L& Alrsth ranrs W boasred
J LA Mamne Soribbaund
i~ e EF Maring combinad
I} I = 1 i 1
i1}

1] & 1k A il &1

Figure 3.31 Cumulative distributions of speed olatgons for rolling starts at the
observed intersections

The cumulative distributions of the offset times tioe standing starts are plotted in
Figure 3.32. For the offset times, the criticaltpaf the distributions are the upper
percentiles, to ensure that signal timings can mosodate most of the population.

The offset time data for most of the intersectiaresrelatively tightly clustered, with 80
percentile values around 4 seconds arfdi@centile values around 5 seconds. The
outlier for offset times is Park Blvd. at EIl CamiReal in Palo Alto, where the offset
times are exceptionally long (despite the youthfigporous population of bicyclists)
because of three factors — limited visibility oétbross traffic, extremely fast and
dangerous cross traffic requiring great cautionh@npart of the bicyclists, and a steep
crown on ElI Camino making the acceleration moréadilt than at most intersections.
Eastbound Russell St. at Telegraph in Berkeley lasblonger high percentile offset
times than most intersections, again because wilaility issue. In this case, there is a
bus stop near the corner, so when a bus is stdppeal it blocks the bicyclists’ view of
the approaching cross traffic and makes the sfartvare difficult.

The third distribution of interest describes th@aficrossing speed for the standing-start
crossings, when the bicyclists have reached a aohspeed after accelerating from a
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stop, as shown in Figure 3.33. This plot showsnaarkably diverse set of results across
the sampled intersections.

Comparison of COF s for the Offset of Standing Start Bikes
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Figure 3.32 Cumulative distributions of offset @ésnfor standing start intersection
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Figure 3.33 Cumulative distributions of final sgedor standing start bicyclists.

Park Ave. at El Camino Real was again the outhat,in this case on fast side rather than
the slow side. There are several reasons thdinlespeeds observed here were much
higher than at any of the other intersections:
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- these bicyclists were vigorous young adults in myhto get home at the end of
the work day;

- they are crossing the widest street of any of nkersections for which we have
data, which allows more time to accelerate uphaher cruising speed within
the observation range;

- the cross street has a strong crown profile, whielans that after the bicyclists
reach the mid-point of the street they are on aeg slope, which helps them
accelerate to a higher speed. (When the dataneeapalyzed based on the
bicyclist speeds at the midpoint of their crosh@l Camino Real they were
much closer to the distributions for the otherriséetions.)

The intersection of Russell at Telegraph had tleers#-highest speeds across most the
cumulative distribution. It is no coincidence thias was the second-widest street where
we collected data, so the street width appears fealticularly significant to this
distribution. The intersections at Beethoven, Rold Anderson were all in the range of
60 feet wide, while the intersection at Marine gdrfrom 48 to 84 feet wide, depending
on where the bicyclists actually started their shog.

The key percentiles of the observed bicyclist drgsbehaviors observed at the selected
intersections were as tabulated in Table 3.1 below:

Table 3.1 Key Percentiles of Observed Bicyclist$3ing Behaviors

O%ile accommodated Start-Up  [Final Speed from [Constant Rolling
Offset TimgStanding Starts  |Speed (Roll thru)

90% Park Blvd., Palo Alto [8.1s 11.5 mph (10%ile) [10.0 mph (10%ile)

90% Russell St., Berkeley [6.0 s 8.2 down, 7.6 up |9.3 down, 6.8 up

90% Anderson Rd., Davis [5.6 s 6.4 mph 8.1 (AM) 8.9 (PM)

90% Polk St., S.F. 4.8 s 7.8 mph 11.5 down, 7.3 up

90% Venice Blvd., L.A. 4.5 s 6.1 mph 8.6 mph

90% Main St., Santa Monig5.2 s 6.7 mph 7.1 mph

90% Marina Blvd., S.F. -- -- 5.4 mph

80% Park Blvd., Palo Alto [7.0s 12.3 mph (20%ile) [10.6 mph (20%ile)

80% Russell St., Berkeley |5.0 s 8.8 down, 8.4 up [10.5 down, 7.8 up

80% Anderson Rd., Davis [4.9s 7.0 mph 9.3 (AM) 10.4 (PM)

80% Polk St., S.F. 4.35 s 8.3 mph 13.4 down, 8.4 up

80% Venice Blvd., L.A. 3.7s 6.8 mph 10.0 mph

80% Main St., Santa Monic{4.2 s 8.9 mph 8.3 mph

80% Marina Blvd., S.F. -- - 6.3 mph

50% Park Blvd., Palo Alto [5.5s 14.2 mph 14.1 mph

50% Russell St., Berkeley [3.7 s 10.4 down, 9.8 up [12.8 down, 10.0 up

50% Anderson Rd., Davis [3.8 s 8.2 mph 11.6 (AM) 13.2 (PM)

50% Polk St., S.F. 3.5s 9.3 mph 16.3 down, 10.0 up

50% Venice Blvd., L.A. 3.1s 8.0 mph 12.5 mph

50% Main St., Santa Monic{2.8 s 9.1 mph 10.5 mph

50% Marina Blvd., S.F. -- -- 8.8 mph
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4. Simulationsto Show Traffic Impactsof Increased Minimum Green

In this chapter, we use an example corridor toystudl discuss the impact of reflecting
bicycle green time requirements in signal timingnc® such impact has previously been
shown to be negligible under congested traffic doms, the focus of this section is on
the impact under low to medium flow conditions.

4.1 Corridor and Scenario Description

The study corridor is Bouquet Canyon Road in S@tdasita, California. The SYNCHRO
model files for this corridor are completely codeith road geometry and turning
volumes, as well as signal timing information. Thmile study section is between
Lowes and Plum Canyon Road along Bouquet Canyod R twelve signalized
intersections (See Figure 4.1). The cycle len@gihgathe corridor is 120 seconds and
most intersections have a pedestrian phase avaifatdlled for.

The corridor uses different timing plans for mogppeak, afternoon peak, and mid-day
traffic. For purposes of this study, we start vitie mid-day traffic as the moderate flow
condition, which is significantly lower than the ARM peak volumes; and for the low
flow condition we further reduce the mid-day volusignificantly.
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Figure 4.1: Study Corridor
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SYNCHRO is used in this study to test the impaanofimum bicycle clearance time
requirement. Table 4.1 shows the minimum split nr@moents for the different scenarios
that were tested. Note that since it is typichllyycles traveling on a side street that
would require a longer than usual minimum greeartss the major arterial, Table 4.1
lists minimum green requirements only for the peabat serve the side streets.

Scenarios

In Scenario 1, the signal timing is chosen baseidetynon serving the vehicle traffic
along this corridor, without regard to bicyclistspgdestrians. Thus, in Scenario 1,

Minimum split = Minimum initial + Yellow + All red

The signal timing splits and offsets are optimiaed network wide MOEs are recorded
(Table 4.2).

Then, in Scenario 2, the minimum green is setflegethe bicycle green time
requirement (from Caltrans document TOPD 09-06g8am the distance that a bicycle
needs to clear to cross the intersection safelythis scenario,

Minimum split = Minimum initial for bicycle + Yella + All red

Network MOEs for Scenario 2 are also recorded, e/ls&enario 2a reports MOEs under
un-optimized timing plans and Scenario 2b represtr@ network running re-optimized
signal timing plans.

Scenario 3 represents the corridor when thereigingisant pedestrian volumes and the
pedestrians are requesting pedestrian crossingphss that these become the minimum
split:

Minimum split = Pedestrian walk + Flash don’t walk/ellow + All red

Scenario 4a adds bicycle minimum green requirermendp of Scenario 3 and Scenario
4b demonstrates the impact with a re-optimizedngplan.

Table 4.1. Minimum split requirement

Intersection No. of | Auto Auto+bicycle | Auto+ped | Auto+ped+bicycle
Lanes | (seconds) (seconds) (seconds) | (seconds)

Lowes * 10 12 14.6 12 * 14.6

Newhall 13 11 17.3 39 39

Ranch

Best Buy * 10 12 14.6 12 * 14.6

Espuelle 10 8.5 14.6 39.5 39.5
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Seco Canyon| 7 15 11.9 35 35
Alamogordo | 6 8.5 11.2 33.5 33.5
Central Park | 6 8.5 11.2 34.5 34.5
Centurion 6 12 11.2 22 22
Haskell 9 9 13.9 33 33
Urbandale 8 8.5 13.2 33.5 33.5
Wellston 8 10.5 13.2 33.5 33.5
Plum Canyon| 8 13 13.2 33 33

Note: The intersections noted with a * do not hay®destrian phase accompanying the
side street phases.

4.2 Impact under moder ate traffic flow conditions

As stated in Section 4.1, the moderate flow coaditepresents the mid-day network
demand, as shown in Figure 4.2 below.
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Figure 4.2: Intersection Turning Volumes
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With moderate demand, the network performance MfoEsach scenario are shown in

Table 4.2.

Table 4.2. Network MOE Comparison (moderate flowditon) for different signal

timing scenarios

Scenario| Scenario| Scenario| Scenario| Scenario| Scenario
1 2a 2b 3 4a 4b
Total Delay (hr) 124 124 124 168 169 169
Number of Stops 13153 13601 13807 14218 14322 14711
Average Speed (mph) 28 28 28 25 25 25
Total Travel Time 320 320 320 364 365 365
(hr)
Distance Traveled 9100 9100 9100 9100 9100 9100
(mile)
Note:

Scenario 1 — Auto only;
Scenario 2a — Auto+Bicycle;
Scenario 2b — Auto+Bicycle, signal timing re-optzel;
Scenario 3 — Auto+Pedestrian;
Scenario 4a — Auto+Pedestrian+Bicycle
Scenario 4b — Auto+Pedestrian+Bicycle, signal tome-optimized.

As shown in Table 4.2, the network wide MOEs ang/w&milar among Scenarios 1, 2a,
and 2b, and among Scenarios 3, 4a, and 4b. Addenlicycle green requirement (going
from Scenario 1 to 2a or 2b) has an imperceptitieeeon total delay, average speed and
total travel time and causes only a 3.4%~4.9% isa@anumber of stops network-wide,
while adding the pedestrian green time requirer{@®@c¢narios 3 and 4) causes a much
bigger impact (26% increase in total delay, 11%e@se in average speed, 12% increase
in travel time, and 8.1% increase in stops). TdkBeshows green splits for through
traffic on the mainline, which provides an intetsaae-level comparison of the scenarios.

Table 4.3. Comparison of green splits under moddtadv condition (seconds)

Cross Street Traffic | Scenario 1] Scenario 2b | Scenario 3 | Scenario 4b
Name direction (%changé) | (% changé) | (% chang€)

#1 | Lowes NE 97.0 96.3 (-0.7) 97.0 (0.0) 96.3 (-0.7
SwW 57.5 56.8 (-1.2) 57.5 (0.0) 56.8 (-1.2

#2 | Newhall NE 52.0 54.0 (3.8) 46.0 (-11.5) 46.0 (0.0)
Ranch SwW 41.0 42.0 (2.4) 46.0 (12.2), 46.0 (0.0)

#3 | Best Buy NB 76.0 76.2 (0.3) 76.0 (0.0) 76.2 (0.3)
SB 72.0 72.4 (0.6) 72.0 (0.0) 72.4 (0.6)

#4 | Espuelle NB 70.1 70.1 (0.0) 59.0 (-15.8) 59.0 (0.0)
SB 57.8 57.8 (0.0) 59.0 (2.1) 59.0 (0.0)

#5 | Seco EB 95.0 95.0 (0.0) 85.0 (-10.5) 85.0(0.0)
Canyon WB 55.0 55.0 (0.0) 50.0 (-9.1) 50.0 (0.0)

36



#6 | Alamogordo | EB 89.7 89.7 (0.0) | 83.5(-6.9)] 83.5(0.0)
WB 65.7 65.4 (-0.5) | 62.5(-4.9)| 645 (3.2)

#7 | Central EB 69.7 69.7 (0.0) | 62.0(-11.0) 62.0 (0.0)
Park WB 92.2 92.2(0.0) | 77.5(-15.9) 77.5(0.0)

#8 | Centurion | NE 80.5 80.5 (0.0) | 64.5(-19.9) 64.5 (0.0)
SW 53.5 53.5(0.0) | 485(-9.3)| 485 (0.0)

#9 | Haskell EB 60.0 59.6 (-0.7) | 55.0(-8.3)| 55.0(0.0)
WB 53.0 52.6 (-0.8) | 50.0(-5.7)| 50.0(0.0)

#10 | Urbandale | NE 68.1 68.1 (0.0) | 63.0(-7.5)| 63.0(0.0)
SW 55.5 55.5 (0.0) | 50.5(-9.0)] 50.5(0.0)

#11| Wellston | EB 37.0 36.8 (-0.5) | 26.5(-28.4) 26.5 (0.0)
(60scycle) | WB 37.0 36.8 (-0.5) | 26.5(-28.4) 26.5 (0.0)

#12 | Plum NE 25.8 25.8(0.0) | 39.3(52.3) 41.7(6.1)
Canyon SW 50.9 50.9 (0.0) | 62.4(22.6) 63.8(2.2)

Note:

Scenario 1 — Auto only;

Scenario 2b — Auto+Bicycle, signal timing re-optzel;

Scenario 3 — Auto+Pedestrian;

Scenario 4b — Auto+Pedestrian+Bicycle, signal togme-optimized.
! Percentage change comparing with Auto only scenari

2 Percentage change comparing with Auto only scenari

% Percentage change comparing with Auto+Pedestciamesio

As shown in Table 4.3, adding bicycle minimum greequirements (Scenario 2b) has a
negligible impact on the green time provided t@tlygh movements along the corridor
(maximum 3.8% decrease, with most intersection$fectad). In comparison,
pedestrian green time requirements pose a muclebiggact (Scenario 3). Figure 4.3
provides a more visual comparison of the greensspfithe different scenarios.

4.3. Impact under low traffic flow condition

To study the bicycle green time requirement impacter low traffic flow conditions (to
represent late night or early morning), the mid-dajgmes used for analysis in Section
4.2 are further reduced by 80% to a low traffismli@vel and the Scenarios defined in
Section 4.1 are compared under this flow conditmotihis section. Network performance
MOEs for each scenario under low traffic flow cdrah are shown in Table 4.4.

Similar to the results under moderate flow condiicthe network-wide MOEs are very
similar among Scenarios 1, 2a, and 2b, and amoegadios 3, 4a, and 4b. The bicycle
green requirement has minimal impact on all repbnietwork wide MOEs, especially
after the signal timing is re-optimized. Under l8aw conditions, the pedestrian green
time requirements again show a bigger impact (12r&¥ease in total delay, 3.0%
decrease in average speed, 3.5% increase in tnagland 20.8% increase in stops).
Adding the bicycle green requirements on top oséhfmr pedestrians, again no
additional impact is observed (as shown in Tabde 8cenarios 3, 4a, and 4b). Using the
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green splits for through movements along the corridiable 4.5 provides an
intersection-level comparison of the scenarios.
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Figure 4.3. Mainline through movement green smihparison (moderate flow

condition)

Table 4.4 Network MOE Comparison (low flow condit)o

Scenario| Scenario| Scenario| Scenario| Scenario| Scenario
1 2a 2b 3 4a 4b
Total Delay (hr) 16 16 16 18 18 18
Number of Stops 1480 1507 1479 1789 1789 1788
Average Speed (mph) 33 33 33 32 32 32
Total Travel Time 55 55 55 57 57 57
(hr)
Distance Traveled 1820 1820 1820 1820 1820 1820
(mile)
Note:

Scenario 1 — Auto only;
Scenario 2a — Auto+Bicycle;

Scenario 2b — Auto+Bicycle, signal timing re-optoed;

Scenario 3 — Auto+Pedestrian;
Scenario 4a — Auto+Pedestrian+Bicycle

38




Scenario 4b — Auto+Pedestrian+Bicycle, signal togme-optimized.

Table 4.5. Comparison of green splits under lowvftmndition (seconds)

Traffic Scenario 1| Scenario 2b Scenario 3 | Scenario 4b
direction (%changd | (%chang® | (% changd
#1 | Lowes NE 82.0 82.0 (0.0) 84.0 (2.4) 82.4 (-1.9
SW 41.5 41.5(0.0) | 45.5(9.6) | 44.9(-1.3)
#2 | Newhall | NE 34.0 30.7 (-9.7) | 46.0(36.3) 46.0(0.0)
Ranch SW 34.0 30.7 (-9.7)| 46.0(36.3) 46.0(0.0)
#3 | Best Buy | NB 61.0 60.4 (-1.0) | 67.0(9.8) 65.4 (-2.4
SB 61.0 60.4 (-1.0)| 67.0(9.8) 65.4 (-2.4
#4 | Espuelle | NB 45.6 45.9 (0.7) 59.0 (29.4) 59.0(0.0)
SB 43.2 43.5 (0.7) 59.0 (36.6) 59.0 (0.0)
#5 | Seco EB 79.0 79.0(0.0) | 71.0(-10.1) 71.0(0.0)
Canyon WB 40.0 40.0 (0.0) 44.0 (10.0) 44.0(0.0)
#6 | Alamogordo | EB 82.1 82.1 (0.0) 68.5 (-16.6) 68.5(0.0)
WB 44.1 441 (0.0) | 38.5(-12.7) 38.5 (0.0
#7 | Central EB 46.0 46.0 (0.0) 42.0 (-8.7) 42.0(0.0)
Park WB 82.5 82.5(0.0) 67.5(-18.2) 67.5(0.0)
#8 | Centurion | NE 61.5 61.5 (0.0) 51.5(-16.3) 51.5(0.0)
SW 335 33.5(0.0) 32.5(-3.0 32.5(0.0)
#9 | Haskell EB 43.0 42.1 (-2.1)| 43.0(0.0) 43.0 (0.0)
WB 43.0 42.1 (-2.1) | 43.0(0.0) 43.0 (0.0)
#10 | Urbandale| NE 48.1 48.1 (0.0) 43.0 (-10.6) 43.0(0.0)
SW 43.6 43.6 (0.0) 38.5(-11.7) 38.5(0.0)
#11 | Wellston | EB 325 30.8 (-5.2)| 23.5(-27.7) 23.5(0.0)
(60scycle)| WB 325 30.8 (-5.2) | 23.5(-27.7) 23.5(0.0)
#12 | Plum NE 34.9 32.0(-8.3)| 42.9(22.9) 43.2(0.7)
Canyon SW 62.5 58.6 (-6.2) | 61.5 (-1.6) | 59.8 (-2.8)
Note:

Scenario 1 — Auto only;
Scenario 2b — Auto+Bicycle, signal timing re-optoel;
Scenario 3 — Auto+Pedestrian;
Scenario 4b — Auto+Pedestrian+Bicycle, signal togme-optimized.
! Percentage change comparing with Auto only scenari

2 Percentage change comparing with Auto only scenari

% Percentage change comparing with Auto+Pedestciamesio

As shown in Table 4.5, adding bicycle minimum greequirements (Scenario 2b) has a
very small impact on the green time provided totigh movements along the corridor

(maximum 9.7% decrease, with many intersection$fectad). In comparison,
pedestrian green time requirements pose a sulmbtatiigger impact (Scenario 3).
Figure 4.4 provides a more visual comparison ofgiteen splits of the different
scenarios.
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Figure 4.4. Mainline through movement green sgihparison (low flow condition)

4.4 Conclusions

Using SYNCHRO as the signal timing simulation aptimization package, this chapter
shows the impact of bicycle minimum green requinet®@nder moderate and low traffic
flow conditions. The results show that applyingasonable bicycle minimum green
requirement has a small to negligible effect ongagormance of the corridor, both
network-wide and at the intersection level, undghbnoderate and low volume traffic
conditions. Previous simulation work already showreat under high traffic volumes we
should expect enough vehicular traffic on the caigsets to actuate a green phase at
least as long as minimum needed for bicyclist engss so the increased minimum
bicyclist crossing time requirement has no prattdict on traffic.

40



5. Signal Timing Recommendations

The field data show significant diversity in theniing that bicyclists needed to cross
intersections throughout California. With a linsiteumber of intersections and many
variables that could explain the variations, it was$ possible to separate out all of the
effects directly to develop a comprehensive bisgdignal timing handbook at this stage.
We have focused on intersection width as an obvamasmeasurable influence on the
time that bicyclists need to cross, and suggestiitas based on width to represent the
timing needed to accommodate the 80%ile and 908glclists at each intersection.
However, width does not tell the whole story beeathe crossing times also depend on:

- bicyclist demographics (age, bicycling experieridap,purpose and time of day)

- visibility that bicyclists have of cross traffic @the speed and density of that
cross traffic

- local intersection geometry (grades, road surfacec).

The total crossing time distributions for standstgrt bicyclists should be used to select
the total time provided for clearing the interset{green plus yellow plus all-red
interval). Agencies often have their own speadifites for limiting the duration of yellow
and all-red intervals, but the selection of thdowlinterval should at least be informed
by the distribution of bicyclist rolling start spkeeso that bicyclists do not get caught in
the dilemma zone with undue frequency.

The total crossing time distributions as a functiéierossing width W (ft.) can be
summarized based on summation of the distributionsffset times and intersection
width divided by final crossing speed. In our poess report, we were able to show that
the offset times and final crossing speeds of idldial bicyclists were not correlated, so
the distributions can be added without introdudires. The combinations of offset times
and cruise speed crossing times produce equationisef 85 and 98 percentile total
crossing times of:

— T80=7.0+0.055W (Park Blvd., Palo Alto)

— T80=5.0+0.079W (Russell St., Berkeley)

— T80=4.9+0.097 W (Anderson Rd., Davis)

— T80=4.35+0.082W (Polk St., SF.)

— T80=37+0.10W (VeniceBlvd., L.A.)

— T80=4.2+0.077W (Main St., Santa Monica)

— T90=8.1+0.059W (Park Blvd., Palo Alto)

— T90=6.0+0.086 W (Russell St., Berkeley)

— T90=5.6+0.106 W (Anderson Rd., Davis)

— T90=4.8+0.087 W (Polk St., SF.)

— T90=45+0.112W (VeniceBlvd., L.A.)

— T90=52+0.102W (Main St., Santa Monica)
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When these are plotted it is possible to see thersity of these crossing behaviors
graphically, as shown in Figure 5.1. In this figuthe 80%ile crossing times are
indicated by dashed lines and the 90%ile crossings are solid lines, representing the
six intersections for which we have substantiahdaach of which is plotted in a
different color. Because the crossing distanddaih St. in Santa Monica varied
significantly among bicyclists, its data (orangeek) show an exceptionally wide
variation between the 80%ile and 90%ile samplesamadot assigned any specific value
of intersection width here.
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Figure 5.1 Crossing Times as a Function of Si'¢eth

Superimposed on top of the data is a black lineessmting the minimum bicycle timing
defined in Table 4D-109 of Caltrans’ Traffic Opéoas Policy Directive 09-06, issued
September 10, 2009. This line, which was defireskld on a subset of the data reported
here, appears to represent a reasonable approoimatthe 85%ile bicyclist needs.

Before these timing criteria are applied to a djpenitersection, it would be advisable to
consider whether there are special conditionsdabald affect the bicyclist needs at that
intersection. The conditions that could requimgler signal timing for bicyclists include:
- significant proportion of children or casual redreaal bicyclists
- restricted visibility of cross traffic by bicyclsiseeking to cross
- high-speed cross traffic (posted speed above 3Q pgsing an increased threat
to bicyclists
- significant grades or road surface crowns makimgdte difficult for bicyclists to
accelerate to full speed.
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On the other hand, if the bicycling populationxeeptionally vigorous and physically fit
at an intersection, it may be possible to shotertiming slightly from the values shown
here.

The observed rolling start bicyclist speeds cao bisused to estimate yellow plus all-red
clearance intervals for bicyclists who are juseeng the intersection at steady cruising
speed at the yellow onset. The observed 10%ile28f6ile bicyclist speeds of 8 and 9
mph respectively would indicate yellow clearandernvals of:

Y80 = 0.076 W to accommodate 80% of bicyclists
Y90 = 0.085 W to accommodate 90% of bicyclists

These are indicated by the black lines shown indiver part of Figure 5.1.

Unfortunately these values are so much larger thawalues that would typically be
applied at the wider intersections that it is ljk& be difficult to gain acceptance of these
values (such as 10 seconds for the 125 foot witlHl @amino Real at Park Blvd.).
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