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GLOSSARY OF TERMS 
 
AASHTO  
 American Association of State Highway & Transportation Officials is an organization 

consisting of each state’s Department of Transportation. 
 
Annual Average Daily Traffic (AADT) 

 It is the total volume of vehicle traffic of a roadway for a year divided by 365 days.  
An alternative technique is called the short count data collection method also known 
as the coverage count data collection method. The AADT can be estimated with 
portable sensors that are attached to the road and record traffic data typically for 2 – 
14 days. 

 
Arizona Strategic Highway Safety Program (SHSP) 
 The Arizona Strategic Highway Safety Plan has been developed through a data-

driven collaborative approach between Arizona's many safety partners. The SHSP is 
a comprehensive statewide safety strategy document that will guide our existing 
safety planning and programming processes, that will facilitate the implementation of 
the recommended safety strategies and countermeasures through our existing plans 
and programs, and that can be used to modify our current planning processes over 
time to adopt and institutionalize the new SHSP safety culture. 

 
Arizona Highway Safety Improvement Program Manual (HSIP) 
 The specific purpose of the Highway Safety Improvement Program (HSIP) is to 

achieve a significant reduction in traffic fatalities and serious injuries on public roads. 
This is to be accomplished through the development and implementation of the 
Strategic Highway Safety Plan (SHSP) which is a statewide-coordinated safety plan 
that provides a comprehensive framework for reducing highway fatalities and serious 
injuries on all public roads. SHSP is intended to identify the State's key safety needs 
and guide HSIP investment decisions. 

 
Arizona Statewide Bicycle and Pedestrian Plan 
 ADOT Statewide Bicycle and Pedestrian Program, contains a wealth of information 

on bicycle and pedestrian programs.   The major intent of the Statewide Bicycle and 
Pedestrian Plan is to provide a long-term plan for a system of shared roadways and 
bicycle and pedestrian facilities for the ADOT State Highway System.  It provides 
information on the design of pedestrian and bicycle facilities, funding source 
availability to implement improvements and guiding statements. 

 
Arizona Motor Vehicle Crash Facts 2008 
 An annual compilation of crash tabulations related to statewide crashes.  This is 

produced by the ADOT Traffic Records Section. 
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Benefit/ Cost Tabulation  
 A calculation used to justify the use of safety funds for safety improvements.  A 

benefit of an implemented countermeasure is calculated by multiplying the 
anticipated annual average reduction of crashes that have occurred against an 
amount set by the FHWA for each level of injury severity.  An annualized cost of the 
project is compared to the benefit to determine if the benefit that will be derived is 
greater than the cost. 

Continuous Roadway Lighting (CRL) 
 ADOT recommended solution. 

 
Crash Reduction Factor (CRF) 

 A multiplicative factor used to determine the anticipated reduction in crashes for a 
specifically applied countermeasure at a specific site.  The anticipated reduction in 
crashes is used in the calculation of the benefit/ cost ratio. 

Collision Diagram 
 A diagram that shows various elements that pertain to a crash.  Crashes are located 

on a linear map.  Direction of travel, date, time and first harmful event are easily 
discerned for each crash. 

Countermeasures 
 A safety improvement used to improve a specific crash type.  
 
Federal Highway Administration (FHWA)  
 Federal agency responsible for the oversight of highway construction and funding. 
 
Gap Time/ Gap Study   
 Used for pedestrian crossing studies.  Calculates the amount of time needed by 

pedestrians to cross the street and gathers data to determine the number of 
available gaps that are usable to pedestrians. 

 
High-intensity activated crosswalk (HAWK)  
 A hybrid signal developed for use at mid-block crossings or un-signalized 

intersections to aid pedestrian and bicyclists crossing the multi-lane roadways with 
large volumes of traffic.  The HAWK remains dark until activated.  It alternates with 
yellow and red flashing lights to alert motorists of pedestrians crossing.  

 
Highway Enhancements for Safety (HES)  
 A section within ADOT Traffic Engineering Group whose focus is on improving 

safety on the states’ roadways.  One mission is to identify high crash locations and 
develop projects to mitigate crashes. 
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Light Emitting Diode (LED)  
 A light source technology that uses considerably less energy as compared to 

incandescent technology. 
 
NCHRP 
 National Cooperative Highway Research Program administered by the 

Transportation Research Board (TRB) and sponsored by the member departments 
(i.e., individual state departments of transportation) of the American Association of 
State Highway and Transportation Officials (AASHTO), in cooperation with the 
Federal Highway Administration (FHWA), the National Cooperative Highway 
Research Program (NCHRP) was created in 1962 as a means to conduct research 
in acute problem areas that affect highway planning, design, construction, operation, 
and maintenance nationwide. 

 
Pedestrian Safety Committee  
 A public safety advisory committee (known as the Pedestrian Safety Committee) 

was formed in by the City Manager, after a September 11, 2007 presentation to the 
City Council.  Membership consisted of individuals from ADOT, the City of Sedona, 
the International Dark Sky Association, the Naval Observatory, Industry Lighting 
consultants as well as private citizens.  This committee met four times from 
November 2007 to February 2008.  The committee brain-stormed and researched 
numerous alternative safety countermeasures to address any additional crash 
issues that existed.  The results were presented to the City Council listing the 12 
alternative countermeasures, the pros and cons, the responsible party to implement, 
and the cost and time frame to implement. 

 
MUTCD  
 Manual of Uniform Traffic Control Devices is a national publication administered by 

FHWA that provides guidance on traffic control devices. 
 
PGP 
 Policies, Guidelines and Procedures.  Developed and maintained by ADOT Traffic 

Engineering Group to provide direction and guidance. 
 
ADOT/Sedona Route Transfer Study, dated July 23, 2010 
 This study is a cooperative effort between the Arizona Department of Transportation 

(ADOT) and the City of Sedona (City). The overall goal of the ADOT/City of Sedona 
Route Transfer Study is to develop, from existing documentation, a summary of 
system needs and an initial estimate of cost with implications for transferring State 
highway routes in the City from the State to the City of Sedona. The information 
provided in this report is intended to serve as the basis for future discussions 
between the City and the State regarding route transfers. 
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RDG 
 Roadway Design Guide.  Developed and maintained by the Roadway Group to 

provide direction and guidance for roadway design. 
 
Retroreflectivity 
 Retroreflection occurs when light rays are returned in the direction from which they 

came.  Retroreflectivity is a measure of retroflection. 
 
Reflective Pavement Markers (RPMs) 
 Either raised or recessed RPMs are used as supplemental delineation of pavement 

markings. 

ROAD SAFETY ASSESSMENT (RSA) 
 A Road Safety Assessment (RSA) is the formal safety performance examination of 

an existing or future road or intersection by an independent, multidisciplinary team. It 
qualitatively estimates and reports on potential road safety issues and identifies 
opportunities for improvements in safety for all road users. The RSA is a tool 
introduced by the FHWA. The FHWA works with State, local jurisdictions and Tribal 
Governments to integrate RSAs into the project development process for new roads 
and intersections.  FHWA also encourages the use of RSAs on existing roads and 
intersections. 

 
SAFETEA-LU  
 An acronym for Safe, Accountable, Flexible, Efficient Transportation Equity Act: A 

Legacy for Users.  (Public Law 109-59; SAFETEA-LU) is a funding and 
authorization bill that governs United States federal surface transportation spending. 
It was signed into law by President George W. Bush on August 10, 2005 and expired 
as of September 30, 2009. There have been interim reauthorizations.  The $286.4 
billion measure contains a host of provisions and earmarks intended to improve and 
maintain the surface transportation infrastructure in the United States, including the 
interstate highway system, transit systems around the country, bicycling and 
pedestrian facilities, and freight rail operations. 

 
TWLTL 
 An acronym for Two Way Left Turn Lane.  This lane is used for vehicles turning left 

into a driveway or intersection or from a driveway or intersection into the TWLTL 
until merging into traffic can be accomplished. 

 
USC 
 United States Code, used when identifying Federal law. 
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EXECUTIVE SUMMARY 
This study documents the development and evaluation of alternatives to continuous 
roadway lighting (CRL), as proposed by Arizona Department of Transportation (ADOT) 
on SR 89A between Dry Creek Road and Airport Road.  This study identifies any safety, 
maintenance, repair or improvements needed to meet currently established minimum 
highway safety, urban arterial roadway, and MUTCD standards, for the section of SR 
89A between Upper Red Rock Loop Road and Forest Avenue, as applicable, including 
estimated costs.    

After a study was requested by the City to improve nighttime safety, following a citizen 
petition prompted by the occurrence of three pedestrian deaths along SR 89A between 
2005 and 2006  , the Arizona Department of Transportation (ADOT) using safety funds 
approved by the Federal Highway Administration (FHWA) has proposed the installation 
of a continuous roadway lighting (CRL) system. This new system would be located 
along SR 89A from Dry Creek Road to Airport Road in the western portion of Sedona, 
Arizona.  The expected benefit of the CRL is that improved lighting will assist drivers to 
better see the pedestrians, as well as to assist the pedestrians to safely cross the street.  
 
The Sedona City Council has taken a position in opposition to the ADOT proposal.  
ADOT has taken the position that the City of Sedona may take back portions of SR 89A, 
if it does not want the CRL installed. The City decided that in order to best evaluate the 
implications of taking back portions of SR 89A (also called a turn back), the City would 
need to evaluate alternatives to CRL. 
 
CivTech has been retained by the City of Sedona to analyze vehicle, pedestrian and 
bicycle crash trends for the after time period of 2007 to 2009 and to compare the after 
time period to the before time period of 1998 to 2006. Based on that analysis, 
alternatives to CRL were developed and evaluated. 
 
In developing and analyzing potential countermeasures, numerous studies, standards 
and developed programs were researched.  Previously completed studies, reports, 
safety committee meeting minutes and correspondence related to this study were 
reviewed and scrutinized.  The conclusions listed below were identified through the 
analysis and research process. 
 
CONCLUSIONS 
 
 A serious pedestrian crash issue existed in 2006, however, pedestrian crashes have 

decreased since the 2005-2006 period to similar levels prior to 2005. 

 Since 1998 there have been 1 or 2 pedestrian related daytime and nighttime crashes 
per year except for 2005 and 2006 when there were 3 and 6 crashes respectively, all 
nighttime related. 

 Annual Average Daily Traffic (AADT) volumes obtained from data in the 2009 
crosswalk warrant study have increased by 10% since 2006. 
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 Nighttime traffic 2009 AADT volumes were 9% to 9.5% of the total AADT.  Nighttime 
volumes were summed from 7:30 pm to 5:30 am.  

 The 2006 ADOT Crossing Study provided vital data regarding pedestrian and bicycle 
activities along SR 89A.  This study illustrated in the collision diagrams that unsafe 
bicyclist operations contributed to an average of 2.55 bicycle/vehicle crashes per 
year from 1998 to 2006.  Injury severity was typically less than pedestrian crashes, 
although there was a bicyclist fatality in 2007 at Lower Red Rock Loop Road. 

 Bicycle crashes from 2007 to 2009 have increased to 4.67 crashes per year from 
2.55 crashes per year for the 1998 to 2006 time frame. 

 Nighttime crashes as a percentage of all crashes was 14.54% in the before period 
and decreased to 8.80% in the after period.  

 The percent of single vehicle nighttime crashes was 41.55% in the before period and 
decreased to 27.87% in the after period. 

 The majority of single vehicle crashes, 56%, were west of Dry Creek Road. 

 Angle crashes between Navajo Drive/ Southwest Drive to Coffee Pot Drive/Sunset 
Drive were double the statewide average in the before period.  There was an 
increase of 10% in the after period.  Data collected during the 2009 crosswalk 
warrant study displayed an increase of 10% in the AADT as compared to the AADT 
from 2006. 

 The Safety Advisory Committee (SAC) presented sixteen options.  Twelve of these 
were recommended as part of a program that they believed would address the crash 
issues more completely than the recommended continuous lighting.   The Pedestrian 
Road Safety Audits Guidelines and Prompt Lists published by the FHWA Office of 
Safety recommend similar countermeasures as those presented by the SAC to 
mitigate pedestrian and bicycle safety. 

 
RECOMMENDATIONS 
This scope included vehicular, pedestrian, and bicycle safety, in both the daytime and 
nighttime settings.  CivTech has concluded, based upon its analysis, that an appropriate 
final recommended solution for the noted safety situation would include 
countermeasures to directly affect pedestrian and bicycle daytime and nighttime 
crashes by resolving the root cause of those crashes.  The root cause was 
demonstrated in the 2006 crossing study by ADOT to be 50% of pedestrian and bicycle 
crossings occur randomly throughout the 2 mile corridor at driveways and un-signalized 
intersections. Redirecting these crossings to signalized intersections and proposed 
enhanced crossings would place these crossings at locations that meet driver 
expectations.  This solution will address the scope of issues that the City requested 
CivTech to consider. 
 
The CRL provides advance warning of pedestrians at night of pedestrian and bicycle 
activities, but does not resolve the crossing issue.  The countermeasure of continuous 
raised medians will also have an impact in mitigating angle crashes, which were seen to 
be in excess of the statewide percentage.   
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The minimum recommended countermeasures directly address the issue of random 
pedestrian and bicycle crossings of SR 89A and provide reasonable distances between 
motorist recognized pedestrian crossing locations includes the following and are shown 
in graphically in Figure 1A, Figure 1B and Figure 2: 
 
 Continuous raised medians, 6 inches in height, with anticipated median breaks at 

approximate ¼ mile breaks.  

 A pedestrian barrier should be constructed throughout the length of the median to 
preclude random pedestrian crossings.  Install guidance to direct pedestrians to 
protected crossings in conjunction with the barrier.  Without the barrier the issue of 
random crossings will not be resolved and regardless of other countermeasure 
implemented, the CRL would be needed to identify random crossing pedestrians and 
bicycles at nighttime. 

 Adding Enhanced Pedestrian Crossings that include: 

 Highly visible and durable crosswalk markings.  Advance yield markings to 
provide sight distance of pedestrians that may be screened from vision by a 
stopped vehicle in another lane. 

 Pedestrian activated warning light system (i.e. rapid flashing beacons, the HAWK 
pedestrian beacons or in-pavement crosswalk lighting). 

 Median refuge area for pedestrians and bicyclists.  The split median concept 
which requires pedestrians to turn and face oncoming traffic is recommended. 

 Pedestrian activated crossing with countdown LED pedestrian signals. Activation 
buttons and pedestrian signal heads should also be installed in the median 
refuge area to promote two separate crossing phases. 

 Overhead crosswalk lighting that meets dark sky compliant lighting requirements.  
Creating easily identifiable crossing locations to motorists, pedestrians and 
bicyclists for both daytime and nighttime is crucial. 

 A speed reduction effort with extra enforcement, automated enforcement or 
“Your Speed Is” signing to increase compliance with posted 35 mph speed limit. 

 Advance warning signs and advance stop bar. 

 The minimum recommended length of ¾-mile to install the above recommended 
countermeasures for the 2 mile section is between Andante Drive and Rodeo Road 
which is 1500 feet long, and between Shadow Mountain Drive and Soldier Pass 
Road which is 2200 feet long.  Based on traffic volumes the entire two mile section 
could benefit from the installation of medians; however this minimum 
recommendation is based on providing protection to the two of the three highest 
areas of pedestrian and bicycle crossing activity at other than existing signalized 
intersections.  Figure 1B shows the plan view of the roadway where the TWLTL 
remains and bike lanes are added. 

 Although the ADOT standard width of a median from the Roadway Design Guide 
(RDG) is 16 feet this would necessitate widening the roadway at significant cost.  
The recommended minimum cross section that could be constructed within the 
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existing roadway prism includes a 12 foot raised median with 10 foot left turn lanes, 
four 11foot through lanes and 4 foot striped bike lanes.  Although the recommended 
width of bicycle lanes is 5 to 6 feet, 4 feet is allowed by the MUTCD where available 
width is restricted. 

 Install the warranted signal at Andante Drive. 

 This will provide a protected pedestrian crossing in this area.  The closest 
existing signal to the fatal pedestrian crashes crossing area is Rodeo Drive at 
approximately ¼-mile away.  Andante Drive will provide a signalized crossing 
about 400 feet away from the area that the crashes occurred.  ADOT has 
included installation of this signal within its initial improvement plans. 

 Install marked bicycle lanes per the MUTCD. 

 ADOT has included bike lanes within the pavement rehabilitation project. 

 Traffic modeling of proposed median system to determine effects on the corridor 
prior to planning and design.   

Table EX1 shows a comparison of the minimum recommendations versus continuous 
roadway lighting for cost to implement and effectiveness to reducing crashes.  Although 
the anticipated crash reduction factors appear to be nearly equal, the median 
countermeasure affects the reduction many more crashes than the CRL. 

Table EX1:  Countermeasures Cost and Effectiveness 

 

The crash reduction factor calculation for the minimum recommended countermeasures 
is 0.73.  The CRFs used for the various countermeasures are listed below. 
 
 Raised Medians 0.25 
 Mid-block crossings 0.25 
 HAWK signals 0.12 
 Bicycle lanes 0.35 
 Speed Enforcement 0.15 

The crash reduction factor calculation for the CRL with speed reduction and bike lane 
countermeasures is 0.69.  The CRFs used for the various countermeasures are listed 
below and were the most conservative factor found. 
 
 Lighting 0.44 
 Bicycle Lanes 0.35 
 Speed Enforcement 0.15 
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Figure 1A: Minimum Recommended Improvements - Median 
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Figure 1B: Minimum Recommended Improvements - TWLTL 
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Figure 2: Minimum Recommended Improvement Locations 
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Additional measures that warrant future consideration and evaluation are:  

 Retrofitting existing signalized intersections with roundabouts to further improve 
pedestrian and vehicle safety.  Traffic operations, especially U-turn movements, may 
be improved with roundabouts in conjunction with the continuous raised medians. 

 Cost of each is estimated to be $1.1M 

 The 2006 crossing study showed that the section from Coffee Pot Road/ Sunset 
Drive to 600 feet west was the third area of concentrated random pedestrian 
crossing activity.  This was despite the close proximity of the signalized intersection 
at Coffee Pot Road.  Implementation of the minimum recommendations may need to 
be installed between Coffee Pot Road and Rodeo Road for a distance of ¼- mile. 

 Cost to implement this section is $0.8M 

 Pedestrian level lighting along sidewalk will assist pedestrians, bicyclists and 
motorists during nighttime operations. Motorists will be able to find driveway 
entrances better and will see pedestrians crossing the driveways and at un-
signalized intersections. 

 Cost to implement for the full corridor is anticipated to be greater than the cost to 
install the roadway lighting as the pole spacing will be reduced.  ADOT presented 
58 alternative lighting scenarios based on various fixtures, luminaries, wattages 
and pole heights.  Alternative 26, Monterey lighting with 25 foot poles, was 
estimated to be nearly $2,500,000 for the 2 mile project. 

 If additional pedestrian lighting is considered just in the vicinity of the crossing 
area and in addition to the two luminaries at the crosswalk that creates a more 
identifiable crossing zone to pedestrians at night the estimated cost for an 
additional 4 poles and luminaries per crossing location is $10,000 per costs 
provided by the City of Sedona from the SR 179 project lighting. 

 Add the additional pavement width to build section to ADOT standard.  In order to 
build the median to standard, an additional 8 feet of pavement for the length of the 
corridor will be needed. 

 The cost to add 8 feet of additional paved width is estimated to be $5.8M 
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INTRODUCTION 

The City requested that ADOT evaluate measures to improve nighttime safety following 
a citizen petition prompted by the occurrence of three pedestrian deaths along SR 89A 
between 2005 and 2006. In response to the City’s request, the Arizona Department of 
Transportation (ADOT) using safety funds approved by the Federal Highway 
Administration (FHWA), proposed the installation of a continuous roadway lighting 
(CRL) system. This new system would be located along SR 89A from Dry Creek Road 
to Airport Road in the western portion of Sedona, Arizona.  The expected benefit of the 
CRL is that improved lighting will assist drivers to better see the pedestrians, as well as 
to assist the pedestrians to safely cross the street.  
 
The Sedona City Council has taken a position in opposition to the ADOT proposal.  
ADOT has taken the position that the City of Sedona may take back portions of SR 89A 
if it does not want the CRL installed. The City decided that in order to best evaluate the 
implications of taking back portions of SR 89A (also called a turn-back), the City would 
need to understand the possible alternatives to CRL. 
 
CivTech was contacted by the City of Sedona in July 2010 to perform a study assisting 
the City of Sedona in developing and evaluating alternatives to CRL, as proposed by 
Arizona Department of Transportation (ADOT).  The study was prepared to, “identify 
any safety, maintenance, repair or improvements needed to meet currently established 
minimum highway safety, urban arterial roadway, and MUTCD standards, as 
applicable.”   
 
There are three standards documents produced by ADOT with assistance from local 
municipalities and FHWA that were important in CivTech’s analysis of SR 89A.  The first 
is the Arizona Strategic Highway Safety Program (SHSP), the second is the Arizona 
Statewide Bicycle and Pedestrian Plan, and the third is the Arizona Highway Safety 
Improvement Program Manual (HSIP); the following links provide access to these 
documents. 
 
 http://www.azdot.gov/Highways/Traffic/TSS/SHSP/AZ_Strategic_Highway_Safety_Plan.pdf  
 
 http://www.azbikeped.org/phase1documents.html  
 
 http://www.azdot.gov/Highways/Traffic/TSS/HSIP/AzHSIP2010.pdf 
 
The SHSP is a product of the Governor’s Traffic Safety Advisory Council (GTSAC) that 
was established in 2004.  The council serves as a role model in leadership for 
developing, promoting, and implementing cost effective traffic safety strategies within 
the state transportation system to counteract the impact of traffic crashes in Arizona.  
GTSAC sponsored the development of the SHSP in compliance with 23 USC 148 
requirements.  The guiding statement by GTSAC was that: 
 

“The SHSP is seen as a comprehensive statewide safety strategy document that 
will guide our existing safety planning and programming processes that will 
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facilitate the implementation of the recommended safety strategies and 
countermeasures…” 
 

Through a data driven process there were six emphasis areas selected which are listed 
below.   

 Restraint Usage 
 Speeding 
 Young Drivers 
 Impaired Drivers 
 Roadway/ Lane Departures/ Intersection Improvements 
 Data Improvement 
 
The second document is the ADOT Statewide Bicycle and Pedestrian Program.  The 
major intent of the Statewide Bicycle and Pedestrian Plan is to provide a long-term plan 
for a system of shared roadways and bicycle and pedestrian facilities for the ADOT 
State Highway System.  It provides information on the design of pedestrian and bicycle 
facilities, funding source availability to implement improvements and guiding 
statements. The plan identified the portion of SR 89A passing through Sedona as a 
bicycle corridor. 
 
The third document is The Arizona Highway Safety Improvement Program Manual 
(HSIP). This document is the program manual that explains the process for qualifying a 
project for safety or HSIP funds. 
 
There is an equally important document produced by the Federal Highway 
Administration, Office of Safety. It is the Toolbox of Countermeasures and Their 
Potential Effectiveness for Pedestrian Crashes, dated May 2008.  This document 
contains proven solutions to addressing pedestrian crash issues.  Measures of 
effectiveness are included for determining benefit/ cost ratios and will be used to 
evaluate the effectiveness of countermeasures to each other. 

HISTORY 

The City of Sedona requested that ADOT look into pedestrian safety after a recent fatal 
pedestrian crash in January 2006.  This was the third fatal pedestrian crash since 2000.  
The ADOT northern regional traffic engineering office in Flagstaff conducted the Sedona 
Pedestrian Crossing Study dated May 2006. This study investigated pedestrian and 
bicycle crashes along SR 89A from MP 371.00 to MP 372.99, which corresponds to the 
section between Dry Creek Road and Soldier Pass Road.  Data was obtained from the 
ADOT crash database and evaluated from 2002 to 2005, in keeping with their 
established practice of using the most recent 3 year period available in the ADOT crash 
database.  Data was also gathered with assistance from the City of Sedona and local 
volunteers for pedestrian and bicycle activity along SR 89A.  During the time of this 
study there was another fatal pedestrian crash in April 2006.  This study gathered an 
extensive amount of data for analysis and the subsequent recommendation from this 
study was to install pedestrian warning signs and illuminate the study area since all of 
the fatal pedestrian crashes occurred during darkness.  ADOT added pedestrian 
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warning signs at 3 locations in each direction with normal operating funds and also 
acted to reduce the speed limit from 40 MPH to 35 MPH after conducting the study in 
response to citizen concerns. 
 
This 2006 Crossing Study was forwarded to the ADOT Traffic Engineering Highway 
Enhancements for Safety (HES) section to request funds to implement the study’s CRL 
recommendations. The HES section concurred and performed a benefit/cost ratio 
calculation to demonstrate a positive benefit that outweighed the associated cost of 
improvements.  This benefit cost ratio calculation is required by the FHWA in the 
approval process for safety funds to be used by ADOT or any other municipality and 
must equal or exceed a one to one ratio of benefit to cost.  The HES evaluation 
concluded that the appropriate mitigation to resolve the nighttime pedestrian fatalities 
was continuous lighting for approximately 2 miles on SR 89A.   
 
In response to the community sentiment both for and against the continuous lighting 
solution, a public safety advisory committee (known as the Pedestrian Safety 
Committee) was formed in by the City Manager, after a September 11, 2007 
presentation to the City Council.  Membership consisted of individuals from ADOT, the 
City of Sedona, the International Dark Sky Association, the Naval Observatory, Industry 
Lighting consultants as well as private citizens.   
 
This committee met four times from November 2007 to February 2008.  The committee 
brain-stormed and researched numerous alternative safety countermeasures to address 
any additional crash issues that existed.  The results were presented at the June 10, 
2008 City Council meeting.  These results included the 16 options, with pros and cons, 
the responsible party to implement, and the cost and time frame to implement.  Twelve 
of these options were presented as part of a program to address safety concerns in lieu 
of using CRL.  Figure 3 below shows the options that were presented by the Pedestrian 
Safety Committee.  The full version of the matrix from the Pedestrian Safety Committee 
Possible Options can be found in Appendix A. 
 
A memo that the City of Sedona believes provides an  insight to  ADOT’s view of the 
recommended alternative measures is included in Appendix E.  This is a copy of a 
memo from the City Manager to the City Council that contains annotated remarks.   
 
After many months of discussions between the City and ADOT it was decided that the 
continuous lighting project that was nearly bid ready would be delayed until January 
2011 at which time it would be advertised for construction.  The caveat to precluding 
this advertisement is a City of Sedona commitment to accepting a turn back of SR 89A 
with the limits outlined in the ADOT/Sedona Route Transfer Study, dated July 23, 2010. 
 
CivTech was contacted by the City of Sedona in July 2010 to perform a study assisting 
the City of Sedona in developing and evaluating alternatives to CRL to improve the 
safety of the SR 89A corridor between Dry Creek Road and Airport Road.  The purpose 
of the evaluation is to, “identify any safety, maintenance, repair or improvements 
needed to meet currently established minimum highway safety, urban arterial roadway, 
and MUTCD standards, as applicable.”   
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Figure 3: Pedestrian Safety Committee Graphical Recommendations 
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DATA OBTAINED AND EVALUATED 

In order to gain an improved understanding of the traffic context of the study area the 
Verde Valley Multimodal Transportation Study (VVMTS) was reviewed, along with crash 
data over a 12 year period.  Crash data was obtained from the ADOT statewide crash 
database. 

Verde Valley Multimodal Transportation Study 

The Verde Valley Multimodal Transportation Study, dated May 2009, defines the Verde 
Valley as encompassing 673 square miles in the northeastern Yavapai County with a 
study population of about 72,000 in 2007.  The central Verde Valley is about 100 miles 
north of central Phoenix and 40 miles south of central Flagstaff.   

The purpose of the Verde Valley Multimodal Transportation Study (VVMTS) is to 
develop a long-range regional transportation plan to guide the implementation of 
transportation improvements on the roads of regional significance in the Verde Valley, 
including I-17, State Routes (SR), and roads on the County Regional Road System.  
The May 2009 VVMTS is an update of the 1999 Verde Valley Transportation Study 
Update.   
 
The study area includes the incorporated municipalities of Camp Verde, Clarkdale, 
Cottonwood, Jerome, and Sedona, as well as the Yavapai-Apache Nation and 
unincorporated parts of northeast Yavapai County. Although the eastern part of Sedona 
lies in Coconino County, all of Sedona is included in the study area to better reflect 
traffic conditions in the region.  The Yavapai County portion of the study area contains 
about 31 percent of the County’s population, or about 69,000 persons in 2007. 
 
The Annual Average Daily Traffic (AADT) maps from the VVMTS, provided in appendix 
B, show the Sedona traffic levels for 2007 and anticipated for 2030.  The numbers 
shown are the average annual daily traffic (number of vehicles) for various segments of 
SR 89A and SR 179.  The high number of vehicles in the central portion of west Sedona 
are indicative of the many local trips by residents due to the focus of destination 
businesses in this portion of the SR 89A corridor.    

Table 2:  AADT, ADOT Planning Website 

 
Source: ADOT Planning Website 

 
The traffic volume data shown in Table 2 shows that the AADT in 2006 was 23,500 
between Dry Creek Road and Coffee Pot Road.  The AADT was 26,000 between 
Coffee Pot Road and SR 179 for the same year. 
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Table 3: April 2009 Crosswalk Warrants Volume Data 
 (Traffic Research & Analysis, Inc) 

 

 
Source: Volume data from Crosswalk Warrant Study 

 
 
The data in Table 3 illustrates the measured AADT in 2009 for the same sections in 
Table 2.  The percent increase in AADT from 2006 to 2009 in the Dry Creek Road to 
Coffee Pot Road is 11.2% and from Coffee Pot Road to SR 179 is 8.61% for an average 
of 10%. 

CRASH ANALYSIS 2007 TO 2009 

Since there has now been more than 3 years since the completion of the study by 
ADOT, there is now adequate data to examine and compare the crash trends.  Since 
the improvements that were recommended have not yet been implemented, except for 
decreasing the speed limit to 35 mph and installing pedestrian warning signs, this is not 
a true before and after study.  However, for purposes of simplicity, the crash data for the 
periods from 1998 to 2006 will be referred to as the before data and the crash data from 
2007 to 2009 will be referred to as the after data.  These have been compared to 
determine what changes, if any, in the types or frequency of crashes may have 
occurred.   
 
Data from the Stanley Consultants, Inc., Pedestrian Crosswalk Warrant Study was 
tabulated to show the Average Annual Daily Traffic (AADT) and the percentage of 
nighttime traffic.  Information from the website Time and Date was used to determine 
the sunrise and sunset times during the study period.  Nighttime volumes were summed 
for the 7:30 pm to 5:30 am period.  Dusk volumes were summed from 7:00 pm to 7:30 
pm and dawn volumes were summed from 5:30 am to 6:00 am periods. 
 
The AADT of 26,135 at Tortilla Drive is an increase from the AADT of 23,500 in 2006, 
shown on the ADOT Planning website.  This is an increase of 10% over three years.  
The AADT of 28,238 at Willow Way in 2009 is an increase from the 2006 ADOT AADT 
of 26,000, or an 8% increase.  The 2009 AADT volumes and percentage distribution by 
lighting condition are summarized in Table 4. 

 

 

 

Table 4: 2009 Traffic Volumes 
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Source: Volume Data from Crosswalk Warrant Study 

 
The nighttime percentage of traffic along SR89A is shown to be 9% to 9.5%; this can be 
used as a comparative analysis to the percent of nighttime crashes for the after study 
period.   

Table 5: Single Vehicle Crash Data Summary 

 
 
 
Table 5 shows a comparison between all crashes and single vehicle crashes for the two 
data periods.  Single vehicle crashes are comprised of the pedestrian and pedacyclist, 
but also include single vehicles departing the roadway, hitting fixed objects and 
overturning crashes. Two variables are compared, first, the time frame from 1998 to 
2006 and from 2007 until the present.  Second, the crashes for daytime, nighttime, 
dusk/ dawn and not reported are tabulated to see if changes occurred in the after period 
from 2007 to 2009.   
 
 
 
 
Conclusions that can be drawn from this tabulation are: 
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 Single vehicle crashes, as compared to all crashes from 1998 to 2006 and 2007 to 

2009, are over represented for nighttime crashes.  There were 41.55% single vehicle 
nighttime crashes from 1998 to 2006 as compared to 14.54% for all nighttime 
crashes.  There were 27.87% nighttime single vehicle crashes from 2007 to 2009 as 
compared to 8.8% nighttime crashes for all crash types.  While the single vehicle 
nighttime crashes have decreased from 41.55% to 27.87% the nighttime single 
vehicle crashes occur at three times the rate of total vehicle nighttime crashes. 

 
 There were two significant decreases. First, average annual single vehicle crashes 

decreased by 16.44% from the before study period to the after study period.  
Second, average annual nighttime single vehicle crashes decreased by 43.96% from 
the before period to the after period for single vehicle crashes. 

 
 In analyzing the after data for all crashes there were increases from the before 

period to the after period for daytime and dusk/ dawn average annual crashes.  
However, the average annual nighttime crashes had a significant decrease of nearly 
35%. 

 
 The percent of all nighttime crashes closely mirrors the percent of nighttime traffic, 

while the percent of single vehicle nighttime crashes, though dramatically reduced, it 
is still double the existing nighttime traffic percent as compared to all other types of 
crashes along the SR 89A within the City of Sedona. 

 
Table 6 shows the number and percentage of single vehicle crashes and the 
percentage of single vehicle crashes that occurred during darkness for the before, after 
and total data periods by milepost section.  While the lighting is currently planned to 
occur between Dry Creek Road and Soldier Pass Road on SR 89A, CivTech was 
tasked with investigating a much longer section.  During the before period 1998 to 2006 
single vehicle crashes west of Foothills Drive were a much larger percentage of the total 
crashes than the statewide average of 20%. 
 
For this same period, single vehicle nighttime crashes were a large percentage of the 
total single vehicle crashes for MP sections 368, 369 and 370.  Looking forward to the 
after period of 2007 to 2009 we can see significant reductions in nighttime single vehicle 
crashes as compared to the before period.  There is nearly a 60% reduction for the 
entire corridor.  The percent of single vehicle crashes where alcohol was involved or a 
driver was sleepy/ fatigued was about 20% for the before period and about 10% for the 
after period. 
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Table 6: Single Vehicle Crash Data by Milepost 

 

 

Bicycle Crashes 

Bicycle crashes, though they have experienced a lesser severity of injury compared to 
pedestrian crashes, have increased by over 80% in the after data period as compared 
to the before data period. Data analysis with small numbers, in particular percent 
changes between small numbers, can be misleading. The average number of bicycle 
crashes in the before period was 2.55 crashes per year and the average number in the 
after period was 4.67 crashes per year.   
 
This is shown in Table 7.  The statewide rate of bicycle crashes is 1.27% of all crashes 
(2008 Arizona Motor Vehicle Crash Facts); the rate of bicycle crashes in Sedona is 
2.27%.  A collision diagram from an ADOT report dated March 2006, shows that within 
the study area most of these crashes were the result of bicyclists traveling against traffic 
rather than with traffic as is the recommended safe practice.  Bicyclists riding against 
traffic and on the sidewalks were observed numerous times during the site visit on 
September 20, 2010.  There was one fatal bicycle crash in 2007, but it occurred outside 
the study limits in the vicinity of Lower Red Rock Road. 
 
From the collision diagram in the 2006 ADOT crossing study report, the prevalent type 
of bicycle crash is due to vehicles entering driveways colliding with wrong way 
bicyclists.  There were a couple of related to vehicles exiting driveway and a couple of 
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intersection related crashes.  The crash data from the after period indicates that 37.5% 
of the crashes were related to driveways.   
 

 
 
 
A roundtrip bike ride along SR 89A will require bicyclists to cross the highway twice if 
they ride with traffic both ways.  When the destination is on the opposite side of SR89A 
from the origin, the bicyclist has no other option than to cross the highway twice.  
However when the origin and destination are on the same side of the highway, it will be 
difficult to convince the novice bicyclist that crossing the highway and riding with traffic 
both directions is a safer option.  It may also be difficult to convince these bicyclists to 
abandon the sidewalk for the striped bicycle lane on the roadway. 
 

Pedestrian Crashes 

CivTech analyzed data from the ADOT crash database. CivTech created report 
tabulations from the data received from ADOT.  Pedestrian crashes, which prompted 
the original study, have become nearly non-existent since 2006.   
 
There have been only two pedestrian crashes for the after period, 2007 to 2009. 
Looking at the pedestrian crash tabulations from Table 7, there is a two year period 
during 2005 to 2006 in which there were 9 nighttime pedestrian crashes with three 
fatalities.  There were no daytime pedestrian crashes in 2005 to 2006.  Other than these 
two years, there have been 12 pedestrian crashes for the remaining 10 years with 4 
(25%) nighttime pedestrian crashes.   
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Table 7: Pedestrian and Bicyclist Crashes by Year 

 
 
The four fatal pedestrian crashes all occurred in nearly the same location with similar 
circumstances.  Three of the four pedestrians were struck in the inside westbound lane 
just east of Andante Drive by westbound vehicles during darkness.  The fourth 
pedestrian was struck in the inner westbound lane west of Dry Creek Road, just outside 
the study area.  There was an additional pedestrian crash that did not result in a fatality 
just east of Andante Drive in the same general area as the three fatalities. These fatal 
crashes occurred in 2000, 2005 and 2006. 
 
There is another approximate ½-mile stretch of SR 89A that experienced several 
pedestrian crashes between 2003 and 2008.  There were 8 pedestrian crashes that 
occurred between Coffee Pot/ Sunset Roads and Saddleback Circle.  This accounts for 
40% of the total pedestrian crashes in the 12 year evaluation period of crash data.  Four 
of these crashes occurred between 2005 and 2006 and all were nighttime crashes.  
Two of those crashes involved alcohol. The only two pedestrian crashes that occurred 
in the after period, 2007 to 2009 were in this ½ mile stretch of SR 89A.  One of these 
two crashes occurred in darkness and alcohol was involved. 
 
The crosswalk warrant study was conducted at Tortilla Drive, and Willow Way/ 
Marketplace Drive.  These two locations were selected based on the documented 
pedestrian and bicycle activity in the 2006 study.  There were no warrants met that 
would justify the installation of crosswalks based on ADOT standards.    
 
There are four warrants that are based on a point system evaluation, as follows: 
 
 Gap Time, 10 points 
 Pedestrian Volumes, 10 points 
 Vehicle Approach Speed, 5 points 
 General Conditions, 8 points 
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The maximum score is 33 points. The minimum warrant for the installation of a marked 
crosswalk at an unsignalized location is satisfied when 16 or more points are accrued.  
Table 8 shows that the Tortilla Drive crossing location received 7 points and the Willow 
Way crossing received 11 points.  Significant items to note that could change to 
allocation of criteria points are: 

 Lowering the 85% speed to below 37 mph, from 42 mph which will add 4 additional 
criteria points. 

 Crossing pedestrians were only counted in the immediate vicinity of the crossing 
location.  If barriers were present and pedestrians were channeled to this location 
this number could increase.  The 2009 study by Stanley Consultants used the 2006 
crossing study to determine the highest 3 hours, and counted pedestrian crossing 
activity in 2009 for just those three hours, plus 3 additional hours from 6pm to 9 pm. 

 No points for the General Conditions were assigned.  These are subjective 
measures and there is no guidance given on how to assign points for this criterion.   
It is possible that an additional 6 points could be assigned given appropriate 
countermeasures to be implemented. 

A national standard for warranting crosswalks at unsignalized intersections was not 
found. Some of the advantages and disadvantages of crosswalks are: 

 Assists pedestrians with guidance across complex intersections. 

 Designates the shortest path; many instances of non-perpendicular crossings for 
pedestrians and bicyclists were documented in the 2006 crossing study throughout 
the entire corridor at unsignalized intersections and driveways. 

 Directs pedestrians to locations of best sight distance. 

 Potentially could create a “false sense of security” for pedestrians. 

 At uncontrolled locations on multi-lane streets with higher traffic volumes, may 
result in a greater number of pedestrian collisions if additional enhancements are 
not provided.  (i.e., pedestrian median refuges, lighting and warning devices). 

 Maintenance can be costly. 
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Table 8: Crosswalk Warrants 

 

Vehicle Crash Types  

Review of crash records disclosed a significant number of angle crashes in the section 
between MP 371 to MP 373 (Navajo/Southwest to Airport Road).  Angle crashes are 
double the statewide average in milepost section 371 and not surprisingly increased in 
the after period at the same rate that traffic volumes increased, which was 10%. 
Contributing factors to the angle crashes at uncontrolled roadways and driveways are 
increased traffic with reduced gaps and reduced sight distances.  
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Rear end crashes are higher than the statewide norm derived from the 2008 Arizona 
Crash Facts for the same two mile section.   Single vehicle crash data averages and 
percentages experienced in MP 371 and MP 372 sections are compared to the 
statewide data in Tables 9 and 10 below.  The angle and single vehicle crashes are 
bolded in Table 9.  Angle crashes are higher than the norm but only by 8.5%.  The 
single vehicle crashes which have been discussed as being over represented in other 
areas are much lower in these sections.  The red bolded angle, rear end and single 
vehicle crashes in the 2007 to 2009 portion of the table is to demonstrate a deviation of 
more than 10% from the norm. 

Table 9: Navajo Dr/ Southwest Dr to Coffee Pot Dr/Sunset Dr Crash Types 
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Table 10: Coffee Pot Dr/Sunset Dr to Soldier Pass Road Crash Types 

 
 
COMPARISONS OF ALL SAFETY ALTERNATIVES 

Highways Enhancements for Safety Report 

ADOT’s northern regional traffic engineering office in Flagstaff conducted the Sedona 
Pedestrian Crossing Study dated May 2006. The City of Sedona requested that ADOT 
evaluate pedestrian safety on SR 89A after a fatal pedestrian crash in January 2006.  
This was the third fatal pedestrian crash since 2000.  This study investigated pedestrian 
and bicycle crashes along SR 89A from MP 371.00 to MP 372.99, which corresponds to 
the section between Dry Creek Road and Soldier Pass Road.   

Data within this report was obtained from the ADOT crash database and evaluated from 
2002 to 2005, in keeping with their established practice of using the most recent 3 year 
period available in the ADOT crash database.  Data was also gathered and presented 
on pedestrian and bicycle activity along the corridor.  During the time of this study there 
was another fatal pedestrian crash in April 2006.  This study gathered an extensive 
amount of data for analysis and the recommendation from this study was to install 
pedestrian warning signs and illuminate the study area since all of the fatal pedestrian 
crashes occurred during darkness. 
 
This study was forwarded to the ADOT Traffic Engineering HES section to request 
funds to implement the study recommendations. The HES section concurred and 
performed a benefit/ cost ratio calculation to demonstrate there was a positive benefit 
that outweighed the associated cost of improvements.  This benefit cost ratio is required 
by the FHWA in the approval process for safety funds to be used by ADOT or any other 
municipality and must equal or exceed a one to one ratio of benefit to cost.  This is 
shown in Figure 4.  The HES evaluation concluded that the appropriate mitigation to 
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resolve the nighttime pedestrian fatalities was continuous lighting for approximately 2 
miles on SR 89A.   

Crash Reduction Factors   

Crash Reduction Factors (CRFs) are used to determine the annual benefit of 
countermeasures.  They have been calculated from numerous after-condition studies 
based on specific countermeasures that were employed nationally.  The ADOT Traffic 
Safety page provides a link for the Crash Modification Clearing House,   
http://www.cmfclearinghouse.org/, indicating their general acceptance of both the 
countermeasures and the CRFs. 
 
The range of CRFs found on this website are listed in Table 12 for each of the listed 
countermeasures.  If more than one countermeasure is installed the following formula is 
used to calculate a resultant CFR for multiple improvements. 

 CRFTi = 1- [(1- CRFi)*(l- CRF2i)*...*(1- CRFni)] (1) 

Where: 
 CRFTi = the total crash reduction factor for the crash type i (angle, left turn, etc) in 

decimal format (25% = 0.25)  
 CRF1i = the crash reduction factor for the first treatment for the given crash type in 

decimal format (25 % = 0.25)  
 CRF2i = the crash reduction factor for the second treatment for the given crash type 

in decimal format. 
  CRFni = the crash reduction for the nth treatment for the given crash type in 

decimal format. 

ADOT used a CRF of 0.45 as the potential reduction of pedestrian crashes for the 
continuous lighting recommendation in their benefit/ cost ratio calculation.  There was 
no explanation as to why this value was chosen from an extensive list of lighting CRFs. 

Figure 4: Original Benefit/ Cost Ratio Calculation 
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Pedestrian Safety Committee  

Table 11 illustrates a condensed version of the recommendations including the 
anticipated time frame and cost to implement as recommended by the Pedestrian 
Safety Committee.  The full version of the matrix from the Pedestrian Safety Committee 
Evaluation can be found in Appendix A. 
 
Table 11:  Pedestrian Safety Committee Possible Options 

 
Source: City of Sedona, Pedestrian Safety Committee 

Road Safety Assessment 

Road Safety Assessment (RSA) is the formal safety performance examination of an 
existing or future road or intersection by an independent, multidisciplinary team. It 
qualitatively estimates and reports on potential road safety issues and identifies 
opportunities for improvement in safety for all road users. The RSA is a tool introduced 
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by the FHWA. The FHWA works with State and local jurisdictions and Tribal 
Governments to integrate RSAs into the project development process for new roads 
and intersections, and also encourages RSAs on existing roads and intersections. 

The aim of the RSA is to answer the following questions:  

 What elements of the road may present a safety concern: to what extent, to 
which road users, and under what circumstances?  

 What opportunities exist to eliminate or mitigate identified safety concerns? 

Public agencies with a desire to improve the overall safety performance of roadways 
under their jurisdiction could utilize the RSA concept. The RSA can be used in any 
phase of project development from planning and preliminary engineering, design and 
construction. RSAs can also be used on any sized project from minor intersection and 
roadway retrofits to mega-projects.   

CivTech personnel have participated on four RSAs during the past few years.  For the 
Sedona assignment we did not engage a full multidisciplinary team but performed a site 
investigation during late afternoon and evening on July 19, 2010 and again on 
September 20, 2010 for one day and evening.  The full section investigated was on SR 
89A from Lower Red Rock Loop Road to Forest Avenue.  Significant observations  and 
commentary are presented below.  

 Approaching Lower Red Rock Loop Road are warning signs for “slippery when wet” 
conditions.   

 Ultimately the friction coarse should be improved in lieu of warning drivers of this 
potential hazard. 

 Enhanced delineation. 
 Add left edge yellow Reflective Pavement Markers (RPMs) for additional guidance. 
 Replace lane line white RPMs, past usable life. 
 Striping retroreflectivity is poor; should be restriped. 
 Flexible delineators along the right side of SR 89A will provide additional guidance in 

the four lane divided section west of Dry Creek to the limits of the turn-back. 

 Enhanced delineation is recommended in the Arizona Strategic Highway Safety 
Plan (SHSP) for sections of highways that experience higher than normal run-off 
road crashes. The SHSP addresses six emphasis areas that it strives to improve 
statewide.  The development of the SHSP was mandated by SAFETEA-LU 
federal legislation. 

 One emphasis area in the SHSP addresses road departures and intersection 
improvements.  Delineation is an important countermeasure for run-off the road 
crashes.  Delineation consists of pavement markings, raised or recessed 
reflective pavement markers, off pavement flexible delineators, guardrail or 
barrier delineator tabs.   
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 No marked bicycle lanes.  Bicyclists are using sidewalks, riding with and against 
traffic.  This behavior has contributed to several bicycle/ vehicle crashes because 
drivers did not see the bicyclists on the sidewalk and the bicyclists were approaching 
from a direction that the motorists would not normally check when turning or pulling 
out into traffic.  One such near incident was observed during this site visit and many 
wrong way bicyclists were observed.  ADOT has included this with the proposed 
pavement rehabilitation project. 

  Sufficient road width does not exist to add bike lanes without reducing travel and 
two way left turn lanes. The available roadway sections must either be re-striped 
with reduced lane widths or must be widened to accommodate a 4 foot bike lane.   

 Install share the road warning signs in areas where the curb lane is less than 16 feet 
wide.   

 Reminder to motorists of bicycle activity along SR 89A. 

 Sidewalks are present for the length of SR 89A from Upper Red Rock Loop Road to 
Forest Avenue.  Part of the route has sidewalks connected to the roadway and part 
has detached sidewalks.   

 Improved ADA compliant pedestrian ramps were to be constructed during the 
pavement preservation project.  

 Closely spaced driveways create many conflict points;  

 between vehicles entering and exiting the highway and vehicles on the highway,  

 between pedestrians crossing the highway or bicyclists traversing the highway, 

 making it difficult to associate a particular driveway with a specific business, 
particularly at night.  This creates indecision and can be a contributing factor in 
rear end and angle crashes.  

 Channelization reduces the number 
of conflict locations by focusing 
turning and crossing activity once 
scattered along the entire section to 
a few selected locations.  This can 
be accomplished with raised 
medians. 

 Driveways close to intersection can 
interfere with intersections left turn 
queuing traffic. One of the emphasis 
areas in the Arizona SHSP is 
reducing the number and severity of 
intersection related crashes.  Partial 
medians at signalized intersections 
would prevent the left in and left out 
movements and would reduce traffic 
operations and crashes. 
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 Vertical curve approaching Andante Drive westbound.   

 Advance pedestrian warning sign for westbound traffic is currently installed 

 Very infrequent gaps observed along SR 89A.  Vehicles exiting driveways use the 
two way left turn lane (TWLTL) for refuge and acceleration lane. 

 Part of the project scope for the pavement preservation would be to reduce the 
interior through lane widths to 11 feet.  Five foot wide bike lanes would be 
provided immediately adjacent to the curb.   This would allow the outside lanes to 
meet the ADOT standard width of 16 feet, including provision of a striped bike 
lane.   The TWLTL width would be reduced from its current 14 foot width to 10 
foot width.  There is concern about reducing the width of the TWLTL.  Traffic 
departing from intersection or driveway into the TWLTL to utilize the near side 
gap and wait for the far side gap before merging into the far side lanes usually 
must make a quick maneuver into this lane.  They are not always properly 
aligned within the lane; reducing the width could lead to increased sideswipe, 
rear end or head on crashes. Reduction of the TWLTL lane depends on site 
conditions.  ADOT has 10-foot TWLTL in use along the I-40 Business Route in 
Flagstaff, Arizona.  However, there are two differences between that location and 
the SR 89A: 

 The spacing of driveways and intersecting streets spacing along B-40 is 
much greater than SR 89A. 

 There is only access from one side of B-40 because of the railroad on the 
south side of the roadway. 

 Sign retroreflectivity may not meet new standards in 2009 MUTCD.  (This version 
has not been formally adopted by ADOT at this time).   

 Signs should be updated and replaced. 

 LED signal heads may need to be replaced.   

 ADOT attempts to replace LED signal heads on a 3 year cycle. 

 Mid-section pedestrian crossings based on pedestrian activity may be warranted. 
Although the 2006 crossing study showed activity along the entire section of SR 89A 
from Dry Creek road to Soldier Pass Road, there were areas of concentrated activity 
not at signalized locations. ADOT had crosswalk studies performed at two locations.   

COUNTERMEASURES 

Based upon the safety issues observed along the corridor, a review of crash data, 
existing and anticipated traffic volumes, and development patterns along the corridor, 
CivTech began evaluating a number of countermeasures to address the safety issues 
identified. 

Countermeasures are developed to address the safety issues such as hazard visibility, 
distraction visibility, distraction reduction, adequate and timely information, and conflict 
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resolution.  Various measures may address one or more of these issues.  Likewise, 
several measures may operate better together to address an issue. 

Countermeasures are shown below in Table 12 and discussed in depth for each. The 
table illustrates the types of crashes that each countermeasure mitigates, displays a 
range of CRFs from the Crash Modification Clearing House, indications to the 
effectiveness for daytime or nighttime crashes and an estimated construction cost. 

Table 12: Countermeasures  

 
(CFR) Crash Reduction Factors - Crash Modification Factors (CMF) Clearinghouse 
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Continuous Lighting 

ADOT’s original proposed countermeasure for the pedestrian crash issue was adding 
advance pedestrian warning signs and continuous roadway lighting (CRL).  There were 
opposing viewpoints to this solution.  The ADOT viewpoint was that lighting would 
enable drivers to see pedestrians sooner and have more reaction time to avoid crashes.  
The viewpoint of citizens opposed to continuous lighting was that the fatal pedestrian 
crashes all occurred in one location.  Thus lighting could be focused at the crossing and 
not the entire corridor.  There are both pro and con elements regarding the CRL 
recommendation. 
 
 While lighting will greatly help motorists see pedestrians and bicyclists during 

darkness there will still be a randomness of crossing pedestrians and bicyclists at 
locations other than signalized intersections with marked crosswalks.  Lighting 
combined with other countermeasures such as marked crosswalks, pedestrian 
median refuges and a warning light system will also address the random pedestrian 
crossings and bike issues and crashes.  This issue was recognized in the original 
study but not addressed.  This issue was also recognized by the safety advisory 
committee and similar recommendations were made in their final report. 

 The continuous roadway lighting and pedestrian warning signs are improvements 
that indirectly address the pedestrian and bicyclist random crossing issues.  They 
improve visibility but do not correct the contributing issue.   

 There is much more value to lighting than just helping motorists see pedestrians 
during darkness.  During the nighttime evaluation of SR 89A it was difficult to 
determine the correct driveway to use, to access an intended business as a visitor 
unfamiliar with the area.  Approaching traffic created a glare that made it difficult to 
see down the roadway.  Lighting provides a more uniform, consistent environment 
for visibility. 

 There is more than one isolated area where pedestrian and bicyclist crossing 
crashes occurred; there were just no fatal crashes in those locations.     

 When the lighting design principles are properly applied the increased visibility 
provided on the roadways can provide social and economic benefits to the public, 
including: 

 Reduction of nighttime crashes 

 Aid to police protection 

 Facilitation of traffic flow 

 Promotion of businesses 

 Safety for pedestrians 

 There are no national warrants available to determine when continuous lighting 
should be installed.  There are guidelines in the AASHTO Green Book for 
continuous lighting on non-freeway roadways.  These guidelines are the same as 
stated in the ADOT Traffic Engineering Policies, Guidelines and Procedures (PGPs.) 
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Full Length Raised Medians 

Access management is a critical component to traffic safety because it reduces 
conflicts.  Medians are just one component that can be implemented to improve access 
control and safety.  Other components include, but are not limited to, consolidation of 
driveways, adding or lengthening right and left turn bays, improving and/ or maintaining 
sight distance, and adding traffic control devices such as signals and roundabouts.   
 
The Arizona SHSP identifies medians as an important countermeasure.  Raised 
medians can be combined with any or all of the following countermeasures: pedestrian 
barriers combined with protected crossings, lighting, and roundabouts. 
 
Safety studies conducted around the country have demonstrated that replacing a 
TWLTL by raised medians as traffic volumes approach an AADT of 28,000 will increase 
safety.  A raised median is a likely scenario based on traffic projections in the Verde 
Valley Multimodal Transportation Study, 2009, and may be currently justified with the 
existing traffic volumes. 
 
Raised medians by themselves are a similar countermeasure as the continuous lighting 
for mitigating pedestrian crashes in that they are both not complete solutions to 
reducing pedestrian crashes.  The medians provide a refuge so that a pedestrian can 
use directional traffic gaps to cross more safely.  However neither can correct the 
randomness of the pedestrian crossings in the areas between signalized intersections. 
 
As outlined in the ADOT Roadway Design Guide (RDG) Section 304 – Medians,  
 

“For non-controlled-access highways in urban areas, curbed medians should 
generally be 16 ft wide from face of curb to face of curb.  For controlled-access 
highways in urban areas, the median width should be based on the need to 
provide for potential future additional traffic lanes or for possible alternative 
modes of transportation.” 
 

In order to accommodate a 16 foot wide median, an additional 8 feet of paved width is 
required to meet ADOT RDG standards. 
 
U-Turns 
With the 12 foot median and 26 foot half roadway section, most passenger vehicles will 
be able to make the u-turn maneuver.  Larger vehicles with turning radii in excess of 40 
feet will not be able to make this maneuver with the current roadway section and will 
have to turn left at signals or at the anticipated median breaks into businesses to 
turnaround.   Additional pavement widening at the median breaks will facilitate the u-
turn movements. 

Roundabouts 

Roundabouts are a natural compliment to continuous median barriers as they facilitate 
left turn and U-turn  movements with ease.  They calm traffic as entering traffic must 
slow down to negotiate the roundabout.  They reduce injury severity of angle type 
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crashes.  Several roundabouts have been 
installed in the City as part of the SR 179 ADOT 
project.  Two roundabouts were installed on SR 
89A within the focus area of this report.  The 
area needed for installing similar roundabouts 
would exceed the existing roadway width and the 
132 feet of right-of-way available.  Typical 
roundabouts for similar roadways have ranged 
from 150 to 160 feet in diameter based on 
information provided by the City of Sedona. 

If roundabouts replace the current signalized 
intersections and those that are planned to be 
signalized with the implementation of raised 

medians, there would be the availability about every quarter of a mile for a natural u-turn 
to aid with accessing businesses on both sides of the roadway.  If this is a serious 
consideration for the near future, then Andante Drive should be evaluated for a 
roundabout instead of a signalized intersection to avoid throwaway costs. 
 
Right-of-way will be an important consideration for the retrofit or new construction of 
roundabouts.  Estimating the costs of these improvements is difficult due to the 
unknown right-of-way needs. 

Mid-Block Pedestrian Crossings 

The original pedestrian crossing study in 2006 determined that 50% of pedestrian and 
bicycle crossing activity occurs at unsignalized intersections and driveways between 
Dry Creek Road and Soldier Pass Road on SR 89A.  There are currently 5 signals 
between Dry Creek Road and Soldier Pass Road with the spacing between signals as 
shown in Table 13 below. 
 

Table 13: Existing Signalized Intersection Spacing* 

 
*Approximate measures from Google Earth 
 

Table 14 shows the spacing with the five existing signals, the warranted and 
recommended signal at Andante Drive and the two studied crossings at Tortilla Drive 
and Willow Way that were analyzed for crosswalk warrants. 
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Table 14: Spacing With Proposed Signal and Crossings 

 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

*Approximate 
measures from Google Earth 

 
In the February 2009 study by Stanley Consultants, neither Tortilla Drive nor Willow 
Way met the warrants from ADOT PGP 910 that would allow installation of a marked 
crosswalk.  In the conclusion the following statement was made: 
 

“The 2006 Sedona Pedestrian Crossing Study indicates there are several 
hundred pedestrians and bicyclists crossing SR 89A in West Sedona on days 
with peak pedestrian activity. The study also indicates many of these crossings 
are occurring away from the signalized intersections, at unsignalized 
intersections and mid-block locations. Nevertheless, these two unsignalized 
intersections, taken in isolation, do not generate sufficient pedestrian crossings 
to warrant a marked crosswalk. (emphasis added) 
 
The current roadway, with open access, allows pedestrians to cross anywhere 
along this corridor. This dispersion of pedestrian activity works against the 
concept of a few organized crossings, with respect to the warranting criteria and 
effective implementation of this concept. The design and installation of effective 
pedestrian crossings with enhanced traffic controls such as the HAWK would 
also require the installation of some combination of medians, pedestrian barriers, 
and landscape. .  This need for access control applies to pedestrian crossings at 
intersections and mid-block crossings. 

 
These treatments would need to be carried throughout the corridor to channelize 
the pedestrians to the existing signalized crossings and to the new organized 
crossings.  The design and locations of the median and pedestrian barrier 
system would be problematic in the West Sedona corridor, as many of the 
businesses have direct driveway access to SR 89A.  The design of such a 
system would need to include a thorough analysis of business access as well as 
vehicular and pedestrian traffic flows throughout the corridor.” 

 

 33 City of Sedona (10-400) 
  December 2010 



Crash Analysis & Safety Alternatives SR-89A – Sedona, AZ 

These marked crossings could meet ADOT warrants if: 

 They were installed with median refuge and split crossovers, a warning light 
system (HAWK, rapid flashers or in-road crosswalk lighting), medians with 
pedestrian barriers to direct pedestrians to approved crossings, and overhead 
spot lighting.  

 The 85th percentile speed were reduced. Even though the speed limit was 
changed to 35 mph, the 85th percentile speeds were measured to be greater than 
42 mph.  Maximum points are assigned for 85th percentile speeds in the range of 
29 mph to 37 mph. 

 
An additional ten points in criteria evaluation can be obtained by meeting the Approach 
Speed and General Conditions.  Furthermore, channeling pedestrians to one mid- 
section crossing would likely result in higher pedestrian and bicyclist counts at these 
crossings.  This is explained in more detail under the Pedestrian Crashes portion of the 
“Crash Analysis 2007 to 2009” section of this report. 
 
There are median and lighted crossing concepts that should be considered for mid-
block crossings.  They are presented in detail below. 
 
Split Median Concept 

This pedestrian refuge median barrier concept is based on the premise of separating 
the paths for each side of the roadway, thus turning the pedestrian toward traffic so that 
they have a clear view.   
 
 Enables pedestrians to focus on crossing 

each direction of traffic separately and 
provide a safe place in the middle of the 
street to wait. 

 By requiring pedestrians to walk toward 
traffic, the refuge provides them a better 
view of oncoming traffic; allows drivers to 
clearly see pedestrians. 

 If these median crossings are not installed 
with continuous raised medians then a 
safe waiting location is provided, where 
there is a surrounding TWLTL. 

Pedestrian Warning Light Systems 

There are several types of devices on the market today that provide an extra measure 
of visibility at pedestrian crosswalks.  These devices include the pedestrian hybrid 
beacon known by the acronym HAWK (High-intensity activated crosswalk), rapid 
flashing light beacons mounted to signs, and in-pavement lights along crosswalks.   
 
They can all be utilized separately, or the in-pavement crosswalk lights can be used in 
conjunction with ground mounted or overhead warning light systems.  Warning light 

 34 City of Sedona (10-400) 
  December 2010 



Crash Analysis & Safety Alternatives SR-89A – Sedona, AZ 

systems have been shown to increase 
motorist awareness with measured 
compliance of 80%.  Crash reduction 
factors from the Crash Modification 
Clearing House were determined to be a 
60% reduction in pedestrian crashes for the 
in pavement lights, 80% reduction for the 
rapid flashing beacon and 80% to  90% 
reduction for the HAWK signals. 
 
All systems are capable of both pedestrian 
manual activation or pedestrian detection 
sensors.  The above ground rapid flash beacon and the HAWK can be seen at 
distances of greater than 1000 feet during the day and greater than a mile at night.  The 
in pavement crosswalk lighting can be seen at distances of 400 feet during the day and 
at a half-mile at night.  All systems remain in the dark or unlit stage until activated.   
 

The rapid flashing beacons can be operated from a solar power 
unit attached to the pole.  This enables rapid deployment as it is a 
self contained system that requires no AC power and thus, no 
trenching is required. 
 
The HAWK pedestrian beacon requires AC power.  The in 
pavement crosswalk lighting system operates on both  AC and 
solar power.  The HAWK can be pole or mast arm mounted.  For 
the SR 89A application it is recommended that they be mounted 
on a mast arm over the traffic lanes. 
 
The possibility exists that these systems can be accessed for 
monitoring information or to make changes from a central location 

via the internet.  The use of the HAWK, once an experimental device, is included in the 
2009 MUTCD.  There are no minimum warrants to be met for their use. 
 
Recent information provided from a vendor 
stated that a study of all in pavement crosswalk 
lighting systems has shown that greater 
maintenance costs are being experienced than 
originally anticipated.  Research and analysis of 
this issue is highly recommended before 
purchasing any of these systems. 
 

BICYCLE LANES 

One of the Pedestrian Safety Committee recommendations was the striping of bicycle 
lanes.  One of the prevalent crash issues has been bicycle crashes, specifically 
bicyclists riding against traffic and being struck by motorists who did not see them.  
Adding bike lanes will not necessarily alleviate this crash issue, unless bicyclists will use 
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the bike lanes, ride with traffic and thus, become a little more visible to motorists. The 
pavement arrows will give guidance as to the proper direction of travel, but education, 
enforcement and a behavioral change are the key components to reducing bicycle 
crashes.    
 
Studies in Eugene, Oregon and Cambridge, Massachusetts showed that adding bike 
lanes accomplished the following: 
 
 determined support and encourage bicycling as a means of transportation; 

 helped define road space; 

 promoted a more orderly flow of traffic; 

 encouraged bicyclists to ride in the correct direction, with the flow of traffic; 

 provided bicyclists a clear place to be so they are not tempted to ride on the 
sidewalk; 

 reminded motorists to look for cyclists when turning or opening car doors; 

 signaled motorists that cyclists have a right to the road; 

 reduced the chance that motorists will stray into cyclists’ path of travel; 

 made it less likely that passing motorists swerve toward opposing traffic; 

 decreased the stress level of bicyclists riding in traffic. 

 

 
 

SPEED LIMITS AND ENFORCEMENT 

Reducing the 85th percentile speeds, as discussed in the crosswalk warrant analysis 
within the Pedestrian Crash section of this report, prompted questions at the November 
23, 2010 City of Sedona Council Meeting about lowering the speed limits to 25 mph on 
SR 89A as a means to reducing crashes and or the severity of crashes. 
 
The most recently available 85th percentile speed data was measured in 2009 during 
the crosswalk warrant analysis.  The 85th percentile speed was found to be 
approximately 42 mph.  This data was obtained after the speed limits were changed 
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from 40 mph to 35 mph.  Certainly, if traffic would travel at a posted speed of 25 mph, 
crashes or their severity would be reduced.  However, experience has shown that if the 
motoring public believes the speed limits are not realistic for conditions, then the 
majority will not comply. 
 
This creates a speed differential and studies have shown that a correlation exists 
between speed differential increases and crash incidence increases.   
 
Currently SR 89A is classified as a principal arterial.  Reducing the speed limit to 25 
mph would have the effect of reducing the classification of the roadway to a minor 
arterial.  The capacity of the roadway would be diminished by 25% to 33% for 
equivalent levels of service. The current capacity of the roadway is estimated at 35,000 
vpd with the current 85th percentile speed of 42 mph. If the speed limit was reduced to 
25 mph, and the motoring public reduced their speed accordingly, the capacity of the 
four lane roadway would decrease to about 25,000 vpd. This could create the need for 
additional lanes on SR89A if traffic volumes were to remain at their existing levels. This 
option is not recommended since the existing traffic volumes would exceed the capacity 
of SR89A. 
 
ARS 28-703 requires an engineering study be conducted to set or change speed limits.  
The MUTCD provides standards and guidance for the requirements of an engineering 
study should further investigations be desirable.  
 

ANALYSIS OF TURN BACK DOCUMENT 
 
Civtech reviewed the ADOT/Sedona Route Transfer Study for completeness.  This 
review was intended to assist the City in determining that an adequate range of issues 
had been considered relative to the route transfer (also called a “turn-back”).  During the 
preparation of this report the draft ADOT/Sedona Route Transfer Study, dated July 23, 
2010, was available for review.   
 
While this draft was under review, negotiations with ADOT continued.  Therefore this 
evaluation consists of the draft report review.  The Transfer Study addresses two (2) 
routes located within the City of Sedona, SR-89A (From MP 369.40 to MP 374.20) and 
SR-179 (From MP 313.27 to MP 313.42).   
 
The route transfer report was developed to summarize system needs and provide an 
initial estimate of cost with implications for transferring State Highway routes within the 
City limits from the State to the City of Sedona.  The report addresses a scope of issues 
that exceeds the alternative pedestrian and vehicular safety issues, which are the focus 
of this study. 
 
As determined in the Transfer Study, a few of the current roadway conditions do not 
meet ADOT roadway design criteria.  The following is a summary of the Transfer Study 
findings for SR-89A (from MP-369.40 to MP-374.20): 

 Right-of-Way (ROW) – current ROW meets ADOT RDG standards. 
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 Posted Speed – current posted speed varies between 25 mph to 40 mph. Since the 
ADOT RDG specifies desirable speeds ranging between 30 mph to 50 mph, the 
current posted speeds meet ADOT standards except for the 25 mph posted speed 
limit located at Forest Avenue (MP-374.24 to MP-374.76). 

 Lane Configuration – current lane configuration conditions meet ADOT RDG 
standards.  

 Pavement Width – the current typical pavement width is 64-feet and ADOT RDG 
standard is 68-feet for pavement width; therefore, current pavement width is not met.  

 Bike Lanes – there are currently no bike lines along the SR-89A study segment.  Per 
ADOT RDG standards a 16-foot outside lane should be constructed to 
accommodate bikes; therefore, bike lane requirements are not met. 

 Edge Treatment – current edge treatment conditions meet ADOT RDG standards. 

 Sidewalk – current sidewalk conditions meet ADOT RDG standards. However, the 
ramps do not meet current ADA standards.  Sidewalk ramps are also in-place at all 
intersections that have sidewalks.  ADOT standard C-05.30 was not evaluated as 
ramps will be replaced under the pavement preservation project. 

One of the countermeasures to be considered is continuous raised medians. However 
this was not a consideration in the turn-back document.  The requirement from the 
ADOT Roadway Design Guide (RDG) is for a 16-foot wide, raised median.  A raised 
median is a likely scenario based on traffic projections in the Verde Valley Multimodal 
Transportation Study, 2009. 

The current roadway section for SR 89A from Dry Creek Road to Forest Avenue is 
currently 64 feet wide.  The recommended section from the RDG that should be in place 
to accommodate both bike lanes (ADOT’s preference is to have an outside lane width of 
16 feet to accommodate bicycles), 4 travel lanes and a raised median in a curb and 
gutter section is 72 feet.  As the current conditions are 64 feet of roadway, an additional 
8 feet of roadway will be required to meet the RDG standards. 
 
The cost of this improvement for the widening of 8 feet to one side of the roadway 
(rebuilding curb, gutter and sidewalk) is $5.8M.  Additional issues to be considered if 
proceeding with turn-back negotiations are: 
 

 
 Pavement preservation is a cyclical item that can be anticipated on a 10 to 15 year 

cycle.  The pavement preservation cost in the turnback agreement for the currently 
proposed 3.3 mile section of SR 89A is $4,400,000.  This includes some non-
recurring costs for ADA ramps and city street paving.  The value of this non-
recurring work is approximately $666,700.  Subtracting this cost from the total shown 
in the turnback agreement provides a cost for the pavement preservation work of 
$3,733,300 for the 3.3 mile segment.   

 
The total turn back length is 4.95 miles; thus, an equivalent cost to replace the total 
length is $5,600,000.  Based on an expected 2% per year increase in costs over a 
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15 year period, the future expected cost to replace the 4.95 miles of pavement would 
be $7,557,254.  If a 2.5% per year increase is used, the total cost of the future 
project would be $8,144,701. 
 
The City is receiving $3,400,000 from ADOT for future pavement rehabilitation work.  
If this amount is invested and receives a 2.5% rate of return, a yield of $4,945,041 
will be available for future pavement rehabilitation. 

 The maintenance costs for the newest signal at Airport Road and the proposed 
signal at Andante Drive were not included in previously calculated maintenance 
costs.  Additionally, the northern regional traffic office in Flagstaff indicated that 
although no studies had been performed that warranted installation of a traffic signal 
at Foothills Drive, it was anticipated that it would indeed be warranted in the future.  
Additional funding for these additional signals will be needed and has been included 
in turn back negotiations. 
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CONCLUSIONS 

 A serious pedestrian crash issue existed in 2006. 

 Pedestrian crashes have decreased since the 2005-2006 period to similar levels 
prior to 2005. 

 Since 1998 there have been 1 or 2 pedestrian crashes per year except for 2005 and 
2006 where there were 3 and 6 crashes respectively, all nighttime related. 

 Traffic AADT volumes from the 2009 crosswalk warrant study have increased by 
10% since 2006. 

 Nighttime traffic AADT volumes were 9% to 9.5% of the total AADT. 

 The 2006 Crossing Study provided vital data regarding pedestrian and bicycle 
activities along SR 89A.  This study illustrated in the collision diagrams that unsafe 
bicyclist operations contributed to an average of 2.55 bicycle/vehicle crashes per 
year from 1998 to 2006.  Injury severity was typically less than pedestrian crashes, 
although there was a bicyclist fatality in 2007 at Lower Red Rock Loop Road. 

 Bicycle crashes from 2007 to 2009 have increased to 4.67 crashes per year. 

 Nighttime crashes as a percentage of all crashes was 14.54% in the before period 
and decreased to 8.80% in the after period.  

 The percent of single vehicle nighttime crashes was 41.55% in the before period and 
decreased to 27.87% in the after period.  Nighttime traffic volumes were 9% - 9.5% 
of the AADT. 

 The majority of single vehicle crashes, 56%, were west of Dry Creek Road. 

 The nighttime single vehicle crashes decreased by an average of 60% along the 
corridor in the after period. 

 Angle crashes between Navajo Drive/ Southwest Drive to Coffee Pot Drive/Sunset 
Drive were double the statewide average in the before period.  There was an 
increase of 10% in the after period which is consistent with the increase of 10% 
AADT in the after period. 

 The Safety Advisory Committee presented 12 recommendations that they believed 
would address the crash issues more completely than the recommended continuous 
lighting. Some of the recommendations included: 

 Install strategically located raised medians that would also serve as pedestrian 
refuge islands. 

 Install pedestrian activated crosswalks and associated lighting at warranted 
locations. 

 Install semi-continuous roadway lighting. 

 Use pedestrian barriers to channelize pedestrians to crosswalk locations 

 Reduce speed limits. 

 Stripe bike lanes. 
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 The Pedestrian Road Safety Audits Guidelines and Prompt Lists published by the 
FHWA Office of Safety recommend the following countermeasures to mitigate 
pedestrian and bicycle safety. 

 Install strategically located raised medians that would also serve as pedestrian 
refuge islands. 

 Install pedestrian activated crosswalks and associated lighting at warranted 
locations. 

 Install crosswalks along pedestrian desire lines 

 Reduce speed limits 

 Many of the recommendations by the Safety Advisory Committee, are the same 
countermeasures contained in the FHWA document “Pedestrian Road Safety Audit 
Guidelines and Prompt Lists” as recommended mitigations.  This was published by 
the FHWA Office of Safety in July 2007. 

 Due to the demonstrated results of improved pedestrian safety, FHWA removed 
from experimental status the HAWK pedestrian hybrid beacon in the 2009 MUTCD. 

 The Transportation Research Board, NCHRP Report 500 lists all the above as 
appropriate countermeasures. 

 These countermeasures are the exact countermeasures identified in numerous 
FHWA documents and are considered to be the best recommended practices for 
improving and mitigating pedestrian and bicycle accidents.   

 These recommended countermeasures are consistent with the objectives in the 
State SHSP, The Bike and Pedestrian Plan and the HSIP Plan. 

 There are additional considerations not discussed in the original turn back 
document. 

 

RECOMMENDATIONS 

This scope included vehicular, pedestrian, and bicycle safety, in both the daytime and 
nighttime settings.  CivTech has concluded, based upon its analysis, that an appropriate 
final recommended solution for the noted safety situation would include 
countermeasures to directly affect pedestrian and bicycle daytime and nighttime 
crashes by resolving the root cause of those crashes.  The root cause was 
demonstrated in the 2006 crossing study by ADOT to be 50% of pedestrian and bicycle 
crossings occur randomly throughout the 2 mile corridor at driveways and un-signalized 
intersections. Redirecting these crossings to signalized intersections and proposed 
enhanced crossings would place these crossings at locations that meet driver 
expectations.  This solution would address the scope of issues that the City requested 
CivTech consider. 
 
The CRL provides advance warning of pedestrians at night of pedestrian and bicycle 
activities, but does not resolve the crossing issue.  The countermeasure of continuous 
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raised medians will also have an impact in mitigating angle crashes, which were seen to 
be in excess of the statewide percentage.   
 
The minimum recommended countermeasures to directly address the issue of random 
pedestrian and bicycle crossings of SR 89A and provide reasonable distances between 
motorist recognized pedestrian crossing locations includes the following and are shown 
in Figure 1A, Figure 1B and Figure 2: 
 
 Continuous raised medians, 6 inches in height, with anticipated median breaks at 

approximate ¼ mile breaks.  

 A pedestrian barrier should be constructed throughout the length of the median to 
preclude random pedestrian crossings.  Install guidance to direct pedestrians to 
protected crossings in conjunction with the barrier.  Without the barrier the issue of 
random crossings will not be resolved and regardless of other countermeasure 
implemented the CRL would be needed to identify random crossing pedestrians and 
bicycles at nighttime. 

 Adding Enhanced Pedestrian Crossings that include: 

 Highly visible and durable crosswalk markings.  Advance yield markings to 
provide sight distance of pedestrians that may be screened from vision by a 
stopped vehicle in another lane. 

 Pedestrian activated warning light system, such as rapid flashing beacons, the 
HAWK pedestrian beacons or in pavement crosswalk lighting. 

 Median refuge area for pedestrians and bicyclists.  The split median concept 
which requires pedestrians to turn and face oncoming traffic is recommended. 

 Pedestrian activated crossing with countdown LED pedestrian signals. Activation 
buttons and pedestrian signal heads should also be installed in the median 
refuge area to promote two separate crossing phases. 

 Overhead crosswalk lighting that meets dark sky compliant lighting requirements.  
Creating easily identifiable crossing locations to motorists, pedestrians and 
bicyclists for both daytime and nighttime is crucial. 

 A speed reduction effort with extra enforcement, automated enforcement or 
“Your Speed Is” signing to increase compliance to the currently signed 35 mph 
speed limit. 

 Advance warning signs and advance stop bar. 

 The minimum recommended length of ¾-mile to install the above recommended 
countermeasures for the two mile section is between Andante Drive and Rodeo 
Road which is 1500 feet long, and between Shadow Mountain Drive and Soldier 
Pass Road which is 2200 feet long.  Based on traffic volumes, the entire two mile 
section could benefit from the installation of medians; however this minimum 
recommendation is based on providing protection to two of the three highest areas 
of pedestrian and bicycle crossing activity at other than existing signalized 
intersections.  Figure 1B shows the plan view of the roadway where the TWLTL 
remains and bike lanes are added. 
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 Although the ADOT standard width of a median from the Roadway Design Guide 
(RDG) is 16 feet this would necessitate widening the roadway at significant cost.  
The recommended minimum cross section that could be constructed within the 
existing roadway prism includes a 12 foot raised median with 10 foot left turn lanes, 
four 11 foot through lanes and 4 foot striped bike lanes.  Although the recommended 
width of bicycle lanes is 5 to 6 feet, 4 feet is allowed by the MUTCD where available 
width is restricted. 

 Install the warranted signal at Andante Drive. 

 This will provide a protected pedestrian crossing in this area.  The closest 
existing signal to the fatal pedestrian crashes crossing area is Rodeo Drive at 
approximately ¼-mile away.  Andante Drive will provide a signalized crossing 
about 400 feet away from the area where the crashes occurred.  ADOT has 
included installation of this signal within its initial improvement plans. 

 Install marked bicycle lanes per the MUTCD 

 ADOT has included bike lane striping in the pavement rehabilitation project. 

 Traffic modeling of proposed median system to determine effects on the corridor 
prior to planning and design.   

A comparison of the minimum recommendations versus continuous roadway lighting for 
cost to implement and effectiveness to reducing crashes is shown in Table 15.  The 
equation below is used to calculate the CFR when more than one countermeasure is 
employed. 
 
CRFTi = 1- [(1- CRFi)*(l- CRF2i)*...*(1- CRFni)] (1) 
  
The Crash reduction factor calculation for the minimum recommended countermeasures 
is: 
 
CRF= 1-{(1-0.25)(1-0.25)(1-0.12)(1-0.35)(1-0.15) = 0.73 
 
 Raised Medians 0.25 
 Mid block crossings 0.25 
 HAWK signals 0.12 
 Bicycle lanes 0.35 
 Speed Enforcement 0.15 

The Crash reduction factor calculation for the CRL and speed reduction 
countermeasures is: 

 
CRF= 1-{(1-0.44)(1-0.15)(1-.35) = 0.69 
 
 Lighting 0.44 
 Bicycle lanes 0.35 
 Speed Enforcement 0.15 
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The Crash Reduction Factors used were the lowest CFRs found, so as to calculate the 
most conservative combined CRF. 

 
Table 15:  Countermeasures Cost and Effectiveness 

 
 

Additional measures that warrant future consideration and evaluation are:  

 Retrofitting existing signalized intersections with roundabouts to further improve 
pedestrian and vehicle safety.  Traffic operations, especially U-turn movements, may 
be improved with roundabouts in conjunction with the continuous raised medians. 

 Cost of each is estimated to be $1.1M 

 The 2006 crossing study showed that the section from Coffee Pot Road/ Sunset 
Drive to 600 feet west was the third area of concentrated random pedestrian 
crossing activity.  This was despite the close proximity of the signalized intersection 
at Coffee Pot Road.  Implementation of the minimum recommendations may need to 
be installed between Coffee Pot Road and Rodeo Road for a distance of ¼- mile. 

 Cost to implement this section is $0.8M 

 Pedestrian level lighting along sidewalks. This will assist pedestrians, bicyclists and 
motorists during nighttime operations. Motorists will be able to find driveway 
entrances better and will see pedestrians crossing the driveways and un-signalized 
intersections. 

 Cost to implement for the full corridor is anticipated to be greater than the cost to 
install the roadway lighting as the pole spacing would be reduced.  ADOT 
alternative 26, Monterey lighting with 25 foot poles was estimated to be nearly 
$2,500,000 for the 2-mile section. 

 If additional pedestrian lighting is considered just in the vicinity of the crossing 
area and in addition to the two luminaries at the crosswalk that creates a more 
identifiable crossing zone to pedestrians at night the estimated cost for an 
additional 4 poles and luminaries per crossing location is $10,000 per costs 
provided by the City of Sedona from the SR 179 project lighting. 

 Add the additional pavement width to build section to ADOT standards at a cost of 
$5.8M. 

During the identification, analysis and development process for ADOT safety projects an 
engineering decision is made to implement interim countermeasures when the 
implementation of final recommended countermeasures cannot be executed for many 
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years or when experience deems that interim measures may improve the crashes with a 
minimal investment.  Whether an interim, transitional or final countermeasure is 
implemented, surveillance is conducted in the after period to determine if additional 
measures will be required. 
 
Interim or transitional improvements have proven to be a successful strategy for other 
ADOT HES projects that involved serious crash trends such as the head-on crash issue 
for the Gonzales Pass area of US 60, between SR 79 and the Town of Superior and for 
the angle crash issue at the end of the SR 143 freeway at I-10 eastbound off-ramp. 
 
Signing, centerline rumble strips and increased enforcement efforts were implemented 
and successful until the ultimate improvement of a planned 4-lane divided highway 
could be constructed on US 60.  Transverse rumble strips, signal modifications and an 
overhead dynamic message board that alerted southbound SR 143 motorists that the 
signal at the I-10 eastbound off-ramp had changed to red.  This minimal investment 
improved the worst location in the state for angle crashes.  The annual benefit 
supported the construction of a grade separated interchange. 
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