
 
 
 

SCOTTSDALE TRANSPORTATION COMMISSION 
Notice and Agenda  

 
Date: Thursday, November 21, 2024 
Time: 5:15 P.M. 
Location: Kiva – City Hall  
3939 N. Drinkwater Boulevard 
Scottsdale, AZ 85251  
 
 
Call to Order  
 
Roll Call  
 

Mary Ann Miller, Chair  Mailen Pankiewicz, Commissioner 
Vacant, Vice-Chair Kerry Wilcoxon, Commissioner  
Robert Marmon, Commissioner  Emmie Cardella, Commissioner   
Lee Kauftheil, Commissioner  Kyle Davis, Commissioner  

 
One or more members of the Transportation Commission may be attending the meeting by 
telephone, video, or internet conferencing, pursuant to A.R.S. §38-431(4) 
 
Public Comment  
 

Citizens may address the members of the Transportation Commission during Public Comment. 
This “Public Comment” time is reserved for citizen comments regarding non-agendized items. 
Arizona State law prohibits the Transportation Commission from discussing or taking action on 
an item that is not on the prepared agenda. Citizens may complete one Request to Speak “Public 
Comment” card per meeting and submit to City Staff. Public testimony is limited to three (3) 
minutes per speaker. 

 
Written public comment for both agendized and non-agendized items may be submitted in-
person by completing a yellow written public comment card or electronically by completing a 
Written Public Comment Form. Written public comment submitted after public testimony has 
begun will be provided to the members of the Transportation Commission at the conclusion of 
the testimony for that item. Written comments that are submitted electronically at least 90 
minutes before the meeting’s scheduled start time will be provided to members of the 
Transportation Commission. A written public comment may be submitted electronically at the 
following link: https://www.scottsdaleaz.gov/boards/transportation-commission  

https://www.scottsdaleaz.gov/boards/transportation-commission
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1. Approval of Meeting Minutes----------------------------------------------------------Discussion and Action 
Regular Meeting of the Transportation Commission – September 19, 2024 

  
2. Election of a Vice-Chair -------------------------------------------------------------------------------------- Action  

Elect a new Transportation Commission Vice-Chair – Transportation Commission  
 

3. Appointment to the Paths & Trails Subcommittee --------------------------------------------------- Action  
Appoint a member of the Transportation Commission to the Paths & Trails Subcommittee – 
Transportation Commission  
 

4. LILO Project Presentation-----------------------------------------------------------------------------Information 
Update to the Transportation Commission from NAU on the findings of the LILO Study – Sam 
Taylor, Principal Traffic Engineer and Dr. Brendan Russo, NAU  
 

5. Desert Foothills Trail Expansion Project------------------------------------------------------------------Action 
Approval of the unpaved trail project in a neighborhood in the Desert Foothills area – Greg 
Davies, Senior Transportation Planner   
 

 
Adjournment   

Persons with a disability may request a reasonable accommodation by contacting Kyle Lofgren at 
480-312-7637. Requests should be made 24 hours in advance, or as early as possible, to allow time to 
arrange the accommodation. For TYY users, the Arizona Relay Service (1-800-367-8939) may also contact 
Kyle Lofgren at 480-312-7637. 



 

DRAFT SUMMARIZED MINUTES 
 

CITY OF SCOTTSDALE 
TRANSPORTATION COMMISSION 

REGULAR MEETING 
 

Thursday, September 19, 2024 
City Hall Kiva Forum 

3939 N. Drinkwater Boulevard 
Scottsdale, AZ 85251 

 
 
CALL TO ORDER  
 
Chair Miller called the meeting of the Scottsdale Transportation Commission to order at 5:16 
p.m. 
 
ROLL CALL 
  
PRESENT: Mary Ann Miller, Chair 
 Robert Marmon 
 Lee Kauftheil (telephonic) 
 Mailen Pankiewicz 
 Kerry Wilcoxon 
 Emmie Cardella     
 
STAFF:   Mark Melnychenko, Transportation & Streets Director 
  Nathan Domme, Transportation Planning Manager  
  Sam Taylor, Principal Traffic Engineer 
  Cristina Lenko, Public Information Officer 
  Susan Conklu, Senior Transportation Planner 
  Greg Davies, Senior Transportation Planner 
  Tim Connor, Environmental Policy Manager 
  Christopher DiPiazza, Scottsdale Police Department 
  Kyle Lofgren, Office Manager  
 
GUESTS: Justin Azevedo, Design Laboratory 
   
 
PUBLIC COMMENT 
 
There were no members of the public who wished to speak, and there were no written 
comments submitted to the staff. 
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1. Approval of Meeting Minutes 
  
Chair Miller noted a spelling error on page seven, next steps moving forward, 2a should read 
“counts performed after acclamation period.” 
 
COMMISSIONER WILCOXON MOVED TO APPROVE THE AUGUST 15, 2024 
TRANSPORTATION COMMISSION REGULAR MEETING MINUTES AS AMENDED.  
COMMISSIONER MARMON SECONDED THE MOTION, WHICH CARRIED SIX (6) TO ZERO (0) 
BY ROLL CALL VOTE.  CHAIR MILLER, COMMISSIONERS MARMON, KAUFTHEIL, 
PANKIEWICZ, WILCOXON, AND CARDELLA VOTED IN THE AFFIRMATIVE.  THERE WERE NO 
DISSENTING VOTES. 
 
2. Shade and Tree Plan 
 
Tim Conner, Environmental Policy Manager, reviewed the background leading up to creation of 
to the Shade and Tree Plan.  He said that initiation of the plan came out of the Cooler 
Scottsdale heat study conducted in partnership with ASU.  Study results can be found on the 
city’s website.  He introduced Justin Azevedo with the Design Laboratory to provide a brief 
presentation of the progress to date in developing a Shade and Tree plan for the city. 
 
Mr. Azevedo’s presentation included an overview of existing conditions, which is being 
documented through field documentation; iTree Canopy, which is a U.S. Forest Service system 
to determine coverage of large areas; and Tree Score Analyzer (TESA), which is remote 
documentation utilizing LiDAR data from the city and county, developed with the U.S. Forest 
Service.  Mr. Azevedo said that the plan will identify practical solutions to enhance shade and 
cooling strategies; will be a user-friendly guide for residents, businesses, city staff, and 
policymakers; optimize water usage on trees; share integrate practices for longevity and will 
enhance community resilience.  
 
The primary deliverable of the plan will be The Tool Kit, which will include definition of trees, 
structures, and water harvesting techniques that can be implemented, and precise locations 
where they are the most viable and useful.   The tree plan will go into detail about types of 
trees, pros and cons of each tree, and what type to use in certain locations, and will include an 
appendix including detailed information about each tree species. The shade structure plan will 
include recommendations about type of structures and the most appropriate locations.  The 
water harvesting plan will provide information on developing on-site water harvesting tools to 
support trees.   
 
Mr. Azevedo reviewed next steps, noting that they are currently in the “Cultivate” portion of the 
schedule and producing the final graphics for the document.  He encouraged everyone to 
attend open houses and public events, and to take the online survey.  Information regarding the 
plan can be found on social media sites and at Scottsdaleaz.gov, search “Shade and Tree 
Plan.” 
 
Commissioners were given an opportunity to ask questions.  Concerns were raised about the 
long-term feasibility of maintaining trees, particularly in the desert environment and whether 
Scottsdale has a plan to sustainably maintain trees over time without budget cuts impacting 
water usage.  Mr. Azevedo acknowledged that while there is no perfect solution, Scottsdale can 
learn from other desert cities who have implemented successful systems with desert-adaptive 
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trees that require minimal watering after their initial establishment period.  These cities have 
shifted their approach to water usage, especially during peak summer months, and utilized 
natural water retention methods such as water harvesting.  Scottsdale’s plan aims to increase 
water efficiency and find innovative ways to balance tree planting with conservation.   
 
Mr. Azevedo explained that the city has adopted policies through its transportation plan to place 
shade, typically on the south and west sides of pedestrian areas and is working on refining 
strategies for tree placement to ensure appropriate tree sizes are chosen for available spaces.  
Mr. Azevedo said that enforcement is a crucial part of the plan, and the team has been working 
on a maintenance guide to ensure proper care for trees year-round, particularly considering 
seasonal factors. This guide is designed to be user-friendly, with a clear focus on long-term 
sustainability and is intended to provide flexible recommendations rather than ridged rules.  
The plan will help identify ongoing capital improvement projects and guide future developments. 
A modular approach is being used to make the plan adaptable to different contexts.  
Educational materials are being developed, such as one-page summaries on topics like tree 
planting and the heat impact of artificial turf, to communicate key concepts to the public. 
 
A comment was made that addressing shade and heat concerns requires rethinking pavement 
use, particularly reducing the amount of parking space required in developments. It was 
suggested that minimizing pavement and increasing greenspace should be a priority.  Mr. 
Azevedo noted that the plan includes discussions about parking lots, driving lanes, and future 
development standards. Scottsdale’s traffic engineers are also involved in determining how 
parking needs may change and how to push the limits on reducing pavement.   
 
In response to a concern about urban heat islands, Mr. Azevedo confirmed that solar panels are 
being considered and that the city is aware of the potential heat issues related to reflective 
surfaces.  A section on shrubs will be included as part of the plan, as they can have a 
significant cooling effect in urban spaces.  He explained that many initiatives are happening 
concurrently, with multiple overlapping phases.  The plan is intended to be adaptable and will 
evolve as new information and strategies become available.  Tree species’ pollen production 
and BVOC emissions are being taken into consideration and the document will include a range 
of low-pollen trees are included.  A commissioner suggested finding ways to disincentivize the 
use of artificial turf in neighborhoods.  A comment was made emphasizing the importance of 
considering not only the cost of water but also long-term maintenance costs when incentivizing 
residents to plant trees rather than replace them with artificial turf. 
 
3. Speed Determination and Enforcement 
 
Sam Taylor, Principal Traffic Engineer, discussed speeding as a behavioral issue both 
nationally and locally, referencing the National Highway Traffic Safety Administration (NHTSA) 
and observed speeding trends in Scottsdale.  He explained that speed limits in Scottsdale are 
initially established by Arizona Revised Statutes, particularly ARS 28-701, which sets speed 
limits ranging from 15 mph near school crossings to 65 mph in other areas.  Local jurisdictions 
have authority under ARS 28-703 to alter speed limits.  He provided an overview of how speed 
limits are established, explaining that while ARS outlines certain speed limits, adjustments can 
be made based on local conditions and traffic studies.  
 
The process involves conducting Speed Limit Studies, which are governed by the Manual on 
Uniform Traffic Control Devices (MUTCD).  The key factor in these studies is the 85th 



Transportation Commission - Regular Meeting 
September 19, 2024 
Page 5 of 7 
 

percentile speed, which represents the speed that 85 percent of vehicles are traveling at or 
below.  The MUTCD is moving toward a "Safe System" approach, de-emphasizing reliance 
on the 85th percentile for urban and suburban streets.  Once the new MUTCD guidelines are 
adopted by the State of Arizona, Scottsdale will align with this shift. 
 
Christina Lenko, Public Information Officer, provided a brief update on the "Slow Down 
Scottsdale" campaign, which includes social media efforts and dynamic message signs 
currently being tested at 102nd Street and Shea.  The pilot program aims to reduce speeding 
by displaying traffic safety messages. Based on the results, additional signs may be deployed 
across the city.  She described community outreach activities, such as meetings with HOA and 
neighborhood associations, the development of toolkits for local communities, and plans to 
extend the campaign to city employees, local businesses, and high schools. 
 
Mr. Taylor talked about additional countermeasures used to manage speed on arterial and 
collector roads, including speed feedback signs, variable speed limits, and potential adjustments 
to lane widths or the number of lanes.  He clarified that speed cushions or similar devices are 
not typically used in Scottsdale due to the volume of traffic on these roads. 
 
Police Officer Christopher DiPiazza detailed the police department's role in enforcing speed 
limits. He explained the structure of the traffic enforcement team, which includes general patrol, 
the Traffic Enforcement Unit, and the DUI Unit.  The department receives annual grants from 
the Governor's Office of Highway Safety for DUI enforcement, pedestrian and bike safety, and 
speed programs.  He discussed the use of automated enforcement through photo radar 
systems, noting that the threshold for triggering a violation is 11 miles per hour over the posted 
speed limit.  This threshold is an industry standard for automated systems. 
 
Commissioners were given an opportunity to ask questions.  In response to a question about 
the possibility of using apps to promote safe driving habits, similar to insurance company 
programs,  Officer DiPiazza explained that there is a necessary separation between 
government and private sector initiatives.  Concern was expressed over the effectiveness and 
safety of using dynamic message signs.  Comments were made about the reliance on the 85th 
percentile for setting speed limits and the 11 mile-per-hour threshold for enforcement, which 
could contribute to speeding issues.  Officer DiPiazza explained that while 11 mph over is a 
standard for automated systems, officers use discretion when enforcing speed limits.  Officer 
DiPiazza explained the process for issuing photo enforcement violations, noting that the 
rigorous review process and statutory requirements sometimes prevent violations from being 
issued.  Ongoing updates to the MUTCD will provide the city with additional tools to address 
speed-related concerns, particularly as the city moves toward a safer, more systemized 
approach to traffic management. 
 
4. Projects and Programs Update 
  
Mark Melnychenko Transportation and Streets Director provided an update on key projects and 
programs.  He highlighted the city's ongoing efforts to balance maintenance and capital 
projects while minimizing disruptions in the community.  He commented that the city faces 
several challenges each year, including special event seasons, building moratoriums, extreme 
heat, and freeway construction.  Scottsdale construction projects are carefully scheduled to 
avoid these periods when possible.  Mr. Melnychenko used the example of the recent 
improvement project at Indian Bend and Hayden Roads, which was completed ahead of a larger 



Transportation Commission - Regular Meeting 
September 19, 2024 
Page 6 of 7 
 

paving effort further south to minimize disruptions.  He discussed the importance of planning 
around large events, such as ensuring street work near Diamondback Stadium was scheduled 
outside of baseball season to avoid traffic issues for fans traveling to games.  He explained 
how various projects aimed to improve safety, increase capacity, and provide ongoing 
maintenance, all while trying to minimize disruptions to the traveling public. He emphasized that 
road closures are typically scheduled during the off-season when traffic is lighter, thus reducing 
the impact on daily commuters. 
 
Mr. Melnychenko gave an update on the Goldwater/Highland Safety Improvements, noting that 
the project is nearing completion. The improvements include enhanced visibility on Goldwater 
Boulevard and the installation of a HAWK crossing on Highland. The next phase of the project 
will involve extending safety improvements to areas connecting Goldwater with Osborn Road 
and Scottsdale Road. 
 
Chaparral Pedestrian/Bicycle Underpass project roadway was reopened on September 2, 
although further work on the underpass is still ongoing. Photographs of the project’s various 
stages were shown to highlight progress. 
 
The West World Paving Project was completed over the summer.  Crews paved more than 
95,000 square yards of multi-use event space. This project was not just about street paving but 
also involved improving community venues like WestWorld. 
 
The Historic Streetlight Project is currently in its second phase and is expected to be completed 
by the second week of November.  Mr. Melnychenko presented photos comparing the old 
streetlights with the new LED lights, which are brighter, more energy-efficient, and easier to 
maintain. The new lights blend into the historic character of Old Town and have been well-
received by downtown merchants. 
 
Mr. Melnychenko talked about the Monsoon Storm Response, specifically referencing the storm 
on August 7, 2024, near Via Linda.  He praised the parks team for their quick response in 
clearing debris, acknowledging their readiness and effectiveness, especially during the 
monsoon season.  The city’s Emergency Response Team includes 15 volunteers from three 
departments.  The team is active throughout the year, responding to an average of 200 calls 
per year and sometimes handling more than 300 locations for downed trees during a single 
storm event.  While storm response is a major focus, the team is also involved in other 
emergency efforts. 
 
Mr. Melnychenko said that citizens have been providing input on various transportation issues.  
He mentioned two specific petitions that the city is currently addressing. The first is a petition 
requesting the abandonment of plans to build new neighborhood trails near Redbird and 77th 
Street in Desert Foothills.  The second, submitted by a mother and her son, calls for continued 
studies and safety improvements to support bicycling, particularly for students commuting to 
school.  He outlined the city’s petition response process, which involves Transportation and 
Streets preparing an initial document, followed by review and refinement by the City Manager's 
office and legal staff.  Once complete, the response goes to the City Council and City Clerk for 
final action, all within a 30-day timeframe. 
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Adjournment 
 
COMMISSIONER WILCOXON MOVED TO ADJOURN THE MEETING.  COMMISSIONER 
MARMON SECONDED THE MOTION, WHICH CARRIED SIX (6) TO ZERO (0) BY ROLL 
CALL VOTE.  CHAIR MILLER, COMMISSIONERS MARMON, KAUFTHEIL, PANKIEWICZ, 
WILCOXON, AND CARDELLA VOTED IN THE AFFIRMATIVE.  THERE WERE NO 
DISSENTING VOTES. 
 
With no further business to discuss, being duly moved and seconded, the meeting  
adjourned at 7:19 p.m. 
 
 
Recorded and Transcribed by eScribers, LLC. 
 
 



SCOTTSDALE TRANSPORTATION COMMISSION REPORT  
            
To: Transportation Commission 
From: Sam Taylor, Principal Traffic Engineer 
Meeting Date: November 21, 2024 
Subject: Left In/Left Out Operations Research 
 
ITEM IN BRIEF    
Action:    Information and Discussion 
 
Purpose: 
Discuss the transportation research that was completed in cooperation between the City of Scottsdale 
(COS) and Northern Arizona University (NAU) to study the potential operational benefits of the left-in / 
left-out (LILO) channelized median as a traffic control device deployed throughout the COS. 
 
Background: 
For decades, the COS has utilized the LILO channelized median to facilitate left turning vehicles.  The 
idea behind the LILO is to provide a staging area for left turning vehicles without the need for additional 
traffic control – such as a traffic signal.  Left turns are essentially broken into a two (2) stage movement 
allowing smaller gaps in traffic to be utilized to completely execute the turn. Creating this two-stage 
movement makes it easier for drivers to navigate across wider streets with higher traffic volumes.  The 
treatment was first utilized on Shea Boulevard.  Figure 1 is an aerial depiction of a LILO treatment on 
Shea Boulevard at Becker Lane, which is just over ½ mile east of the Loop 101 interchange. 
 
The COS engaged NAU to develop a scope of work and ultimately executed a contract to perform 
research on the LILO median treatment to develop a statistical analysis of their operational 
effectiveness. This is a follow-up study to a study that was performed in 2021 on the safety effects of 
the LILO treatment. The contract for this project was established through an IGA with NAU to perform 
transportation related research. 
 

 
 
 

 
 
 

 
 

 
 

 

 

Figure 1 – Shea Boulevard at Becker Lane 



Scope of Work:  
The contract scope between the City of Scottsdale and NAU included the following objective:  

• Using microsimulation modeling calibrated with field data, determine the effects of different 
major and minor road volumes (and select LILO design features) on the operational 
performance of LILO sites. This will be achieved through a sensitivity analysis with a goal of 
determining approximate volume thresholds where operational performance at LILO sites 
becomes unacceptable. 

 
Also included in the scope of work were the necessary tasks and deliverables to achieve and document 
the objectives.  The tasks and corresponding deliverables included the following: 

• Literature Review.  A comprehensive literature review of relevant research papers, articles, 
reports, and other public- and private-sector publications and potentially professional message 
boards (i.e. ITE) related to the operational impacts of the LILO treatment. Additionally, literature 
related to operational assessments of intersections similar to the LILO were included in this 
review. Summaries and critiques of the research papers, reports, and other documents were 
prepared, and relevant findings were considered throughout the course of the project.  

• Site Selection and Video Data Collection. In consultation with the appropriate City of 
Scottsdale staff, up to 10 LILO sites were identified for inclusion in this study. The LILO sites are 
expected to represent ‘typical’ LILO treatments across a range of major and minor road volumes 
and potentially a range of different LILO design features (e.g. acceleration length, etc.). The City 
of Scottsdale recorded video at each site on a typical weekday during AM (7am-9am) and PM 
(4pm-6pm) peak hours, resulting in 40 total hours of video. The City of Scottsdale then 
transferred these video files to NAU for further analysis. 

• Data Reduction from Video. Using the field-recorded video at each of the study sites, delay 
(only for left-turning vehicles from the minor road) was reduced and recorded for use in 
microsimulation modeling. As the delay data was collected using a series of time stamps, queue 
information (for minor road left-turning vehicles) was also deduced for use in microsimulation 
model calibration. 

• Microsimulation Modeling and Sensitivity Analyses for LILO Sites. Microsimulation models 
(using Vissim software) were created based on the LILO sites included in this study. The 
models match the existing geometry at each site, and the observed field volumes were used to 
create baseline models. The models were calibrated using the delay observed in the field-
collected video, along with two other commonly used calibration parameters: vehicles served 
and queue length. Once calibrated, a sensitivity analysis was performed at each of the sites 
wherein the major and/or minor road volumes are incrementally increased (or decreased) and 
the resulting delay recorded. Ultimately, the objective of this task is to identify volume ranges 
that result in unacceptable delay at LILO sites. Note that Vissim model development and 
calibration was completed in accordance with commonly used and state of the practice 
procedures. 

• Final technical report including recommendations and presentation.  This represents both 
the task (to create report and presentation) and the deliverable.   
 

 
 
 
 
 
 
 
 
 
 
 
 
 



Report: 
The draft report is provided along with this item in brief.  A summary of the findings of the report are 
listed below: 

• A series of predictive delay models for both total delay and Back of Queue (BoQ) to median 
delay were estimated using linear regression recommended models were identified. The 
formulas for each recommended model are presented below, and major and minor road 
volumes and left-turn percentages are the inputs to the models, with the output being predicted 
delay in sec/veh: 

o Total Delay (sec/veh) = -17.224 + 0.133(Min approach vph) + 0.104(Min approach 
LT%) + 0.021(Maj near vph) + 0.007(Maj far vph) + 0.699(Maj far LT%) 

o BoQ-Median Delay (sec/veh) = -21.629 + 0.099(Min approach vph) + 0.166(Min 
approach LT%) + 0.026(Maj near vph) - 0.001(Maj far vph) + 0.861(Maj far LT%) 
 

The choice on which model to use requires engineering judgement from the practitioner and may 
depend on the type of analysis being conducted (e.g. predicting existing delay or comparing future 
delay for different design alternatives). Additionally, the determination on whether the predicted delay is 
acceptable requires engineering judgement. Typically, LOS D is considered acceptable during peak 
hours, and the threshold delay values for when operations degrade to LOS E (e.g. potentially 
unacceptable) are 35 sec/veh for typical TWSC intersections and 55 sec/veh for signalized 
intersections per the HCM. 
 
This research will help city staff to determine when LILO treatments should be recommended when 
reviewing development cases or implementing capital projects. It will also help staff determine if a LILO 
will be an acceptable alternative to a traffic signal. 
 
Next steps 

The next step will be for NAU staff to finalize the report.  Once finalized, it is anticipated that the report 
will be peer reviewed nationally for various publication opportunities.  Future presentations on the topic 
are also anticipated at future conferences.  For additional information, Dr. Brendan Russo, Associate 
Professor of Civil Engineering at Northern Arizona University, can be contacted at 
Brendan.Russo@nau.edu or 928-523-8094.  City of Scottsdale staff contact information is below.   
 
 
Staff Contact: Sam Taylor, 480-312-7010, staylor@scottsdaleaz.gov  
 
 
Attachment 1: Analysis of the Operational Impacts of Left-In Left-Out Intersection/Driveway 
Treatments - Draft Final Report 
 

mailto:Brendan.Russo@nau.edu
mailto:staylor@scottsdaleaz.gov
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1.0 INTRODUCTION AND STUDY OBJECTIVES 

The City of Scottsdale, Arizona contains numerous examples of left-in left-out (LILO) 
treatments at intersections or driveways. An aerial view of a typical LILO treatment in the City 
of Scottsdale is shown in Figure 1.1. These treatments are typically applied on arterial roadways 
with medians and consist of a channelizing island in the median which helps direct vehicles 
turning left both on to and out of minor roads or driveways. Additionally, the treatment contains 
a left turn refuge with varying acceleration lengths for vehicles turning left out of minor roads/ 
driveways (these left-turning vehicles then merge with major road traffic).  
 
The LILO treatment is a relatively uncommon intersection treatment compared with others such 
as right-in right-out (RIRO), and therefore there is limited research regarding the operational 
impacts of the LILO treatment. While a previous project funded by the City of Scottsdale 
showed LILO treatments perform well with respect to safety, the operational impacts (i.e. delay, 
etc.) have not yet been assessed. It is hypothesized that LILO treatments have the potential to 
improve operations (i.e. reduce delay) for left-turning vehicles by allowing motorists to focus 
more on one direction of traffic at a time when determining whether gaps in major road traffic 
are adequate to complete the turn. The City of Scottsdale was interested in conducting a study of 
their existing LILO sites with the goal of quantifying the operational impacts of the LILO 
treatment and determining conditions under which this treatment may be advantageous with 
respect to operations. It should be noted that there is currently no formal method to predict delay 
at LILO intersections in the Highway Capacity  
 
Therefore, to better understand the operational impacts of LILO treatments, this study had the 
following primary objective: 

 
• Using microsimulation modeling calibrated with field data, determine the effects of 

different major and minor road volumes (and select LILO design features) on the 
operational performance of LILO sites. This will be achieved through a sensitivity 
analysis with a goal of developing predictive delay models which can be used in 
determining when operational performance at LILO sites is expected to become 
unacceptable. 

 
The subsequent chapters of this report will describe the literature review, data collection, 
microsimulation model development and calibration, sensitivity analysis, predictive delay model 
development, and conclusions and recommendations. 
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Figure 1.1: LILO treatment at Shea Blvd and 104th Street (Google Maps) 

2.0 LITERATURE REVIEW 

During a previous project in 2021 focused on the safety impacts of the LILO treatment, it was 
found that very little research existed that focused specifically on this treatment (Russo et al., 
2021). In conducting a literature review for the current study this is still the case; there were no 
previous studies documenting the operational impacts of the LILO treatment, which was not a 
surprising result given the treatment is relatively unique. Therefore, based on the scope of this 
current study, the literature review focused on operations at stop-controlled intersections, 
sensitivity analyses, microsimulation modeling and calibration. 
 
2.1 OPERATIONS AT STOP-CONTROLLED INTERSECTIONS 

According to the Highway Capacity Manual (HCM) (Transportation Research Board, 2016), the 
gap acceptance theory recognizes that TWSC intersections give no positive indication or control 
to minor street drivers as to when it is appropriate to leave the stop line and enter the major 
street. It mentions that there are three elements to the analysis, the availability of gaps, the 
usefulness of gaps, and the relative priority of various movements at the intersection. The 
priority of movements for a t-intersection with no major street pedestrian crossing movements 
(which would be the same for a LILO intersection) has three levels of priority. Rank 1 is the 
through movement on the major street, the right turning traffic from the major street, and 
pedestrian movements crossing the minor street. Rank 2 includes the left-turning and U-turning 
traffic from the major street, and right-turning traffic from the minor street onto the major street. 
This rank also includes pedestrian movements crossing the major street, which is not typical with 
the LILO treatment. Rank 3 is the left-turning traffic from the minor street. Given this priority, if 
the left-turning traffic volume from the major street is in high enough it is possible to cause 
delays to minor street left-turning traffic.  
 
The HCM has steps for completing a capacity analysis for TWSC intersections, but it does state 
that the procedures do have the limitation when it comes to atypical intersection configurations 
(such as the LILO treatment). For the mentioned procedures it does state that geometric data is 
needed, such as number and configuration of lanes, and any other unique geometric factors, as 
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well as hourly turning movement demand volumes. Other data can be added to the analysis to 
make it more accurate but are not required (Transportation Research Board, 2016). 
 
As there were no existing results of similar analyses of LILO operational impacts, a review of 
research on similar intersections was conducted. Although no intersections. Some studies 
assessing delay at TWSC intersections and at locations with two-way left-turn lanes (TWLTLs) 
found, as expected, that increased approach flow rates and percentages of left-turning vehicles 
increased delay at these types of intersections (Bonneson & Fitts, 1999; Ma et al., 2014). 
 
2.2 SENSITIVITY ANALYSES 

A sensitivity analysis is a method to determine how different values of an independent variable 
affect a particular dependent variable under a set of given assumptions. In a study that looked at 
multiple different intersection designs, delay was used as the deciding factor of what was an 
acceptable design. This study changed a single variable, then ran a microsimulation model 6 
times, changing the random seed each time. The different variables changed as part of the 
sensitivity analysis were the volumes for all the approaches, the percentage of left-turning 
vehicles from the major approach, and a combination of the left-turning vehicles percentage for 
the major and minor movements. Although the LILO treatment was not part of this study, it was 
found that average delay at roundabouts (compared to other intersection designs) tended to have 
the lowest delay before a certain approach volume (Sangster, 2015). Relatedly, a study that 
examined TWLTL intersections used a similar process of adjusting volume and examining the 
impacts on delay and level of service (Ma et al., 2014). 
 
2.3 MICROSIMULATION MODELING 

2.3.1 Microsimulation Model Creation 

When creating a microsimulation model, there is quite a bit of guidance available from multiple 
state DOTs, and overall, the information that they provide is similar or the same. The 
information conveyed is also similar to what NAU researchers have completed in previous 
projects. They all state that what is needed for the initial model creation is geometry data, either 
from the actual building plans, or from using aerial images such as Satellite view in Google 
Maps. This information should include things like lane width, number of lanes, lane type (left, 
through, right, etc.), the length of the lane, any pertinent signage or signals such as stop signs, 
stated speed of the roadway, and any other information that is needed for the model to be able to 
run properly (CODOT, 2023; ODOT, 2023; Russo et al., 2022). 
 
Related to the ‘pertinent signage’ note above, one LILO site in this study was for a shopping 
center’s driveway and does not contain any signage (e.g. no stop sign on the minor road). Based 
on the Arizona Revised Statute Sec 28-856, “The driver of a vehicle merging from an alley, 
driveway, or building within a business or residence district shall: 1. Stop the vehicle 
immediately before driving onto a sidewalk or onto the sidewalk area extending across any 
alleyway or private driveway … 3. On entering the roadway, yield right-of-way to all closely 
approaching vehicles on the roadway” (Emerging from Alley, Driveway or Building, n.d.). 
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Therefore, the aforementioned study LILO site was treated as though it had a stop sign during 
microsimulation modeling. 
 
2.3.2 Microsimulation Model Calibration 

After a microsimulation model has been created, it needs to be calibrated to make it match 
existing real-world conditions, and this requires more information than just what was needed 
when creating the microsimulation model. Some of the additional information needed is recent 
vehicle volumes for the movements, the vehicle distribution between cars, heavy vehicles, and 
other vehicle types, along with any driving behavior that is not designed to be in the base model, 
such as if there are frequent U-turns or if drivers act like there is a dedicated lane for an action 
such as turning right. Queue lengths should also be compared; in the Russo et al. ODOT report, 
they compared the average queue lengths that were manually observed to the queue lengths 
found in the model (CODOT, 2023; ODOT, 2023; Russo et al., 2022; WSDOT, 2021). 
Additional information can be added to make the model more accurate but is typically not 
required, such as actual speeds that vehicles use on the roadway (CODOT, 2023; WSDOT, 
2021). 
 
Sometimes, after initial calibration, the model does still not acceptably represent field-observed 
conditions and additional parameters need to be adjusted. Potential parameters that can be 
modified for further calibration include the speed distribution, routing decisions, or driving 
behaviors such as aggressiveness or gap acceptance behavior. Many of the guidance documents 
examined for this literature review stated that changing driving behavior parameters should be 
some of the last parameters adjusted in the calibration process (CODOT, 2023; ODOT, 2023; 
WSDOT, 2021). With respect to when adequate calibration has been achieved, Manjunatha, 
Vortisch, and Mathew noted the simulation results can be considered valid and the simulation 
can be used confidently when field measured and simulated values such as delay and the 
variation between simulation and field results are within 15% of each other (Manjunatha et al., 
2012). 
 
After models are calibrated, there are also recommendations for running the calibrated models to 
conduct analyses. One of the first items that should be noted is the initial random seed, and 
Vissim sets the initial random seed to 42. Each time the simulation is run, the random seed 
should be increased by increments of one based on existing guidance. The results of multiple 
runs with different random seeds should then be averaged. Guidance on how many runs (with 
different random seeds) vary slightly by guidance source. Multiple guidance documents 
recommend doing a minimum of 5 simulation runs, some say between 5-10 simulation runs, and 
others provide an equation to determine the number of runs required (CODOT, 2023; ODOT, 
2023; WSDOT, 2021). The general consensus is to keep running simulations until the results 
have stabilized, and for more basic models that is possible in 5-10 runs while more complex 
models may require more simulation runs.  
 
2.4 LITERATURE REVIEW SUMMARY 

This literature review provided a brief summary of information on delay and capacity for similar 
more common intersection treatments such as TWSC and TWLTL road treatments. It has also 
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provided an overview of what data and processes are used in the creation of microsimulation 
models, specifically to the creation of models in Vissim created by the PTV Group. The review 
finally provided information on calibration of the model, such as the data needed to calibrate, 
and the process used to ensure that the model is as close to real-world results as possible. Finally, 
this memo provides information on how a sensitivity analysis is accomplished from similar 
projects that looked at road and intersection treatments that were not normally used or simulated 
to determine average delay and LOS. Ultimately, the guidance found in the existing literature is 
primarily used to inform the processes for microsimulation model development, microsimulation 
model calibration, and performing a sensitivity analysis. 

3.0 FIELD-COLLECTED DATA DESCRIPTION 

3.1 STUDY SITE SELECTION AND VIDEO DATA COLLECTION 

The scope of this project included analysis of ten existing LILO sites in the city of Scottsdale. 
Therefore, in consultation with Scottsdale staff, ten typical LILO sites were identified for 
inclusion in the study, and they are shown in Table 3.1. Additionally, the year the LILO 
treatment was installed at each site, the center treatment/median width, the major road speed 
limit, the LILO acceleration length, and the presence of LILO specific signs are also noted for 
each site in Table 3.1. The site characteristics were collected as part of a previous study on the 
safety impacts of LILO treatments using Google Maps/Street View (Russo et al., 2021). As 
shown in Table 3.1, all the study sites have had the LILO treatment installed for a decade or 
more, so drivers in these areas are likely somewhat familiar with the treatment. There is also a 
mix of different center treatment/median widths, major road speed limits, acceleration lengths, 
and presence of LILO signs among the ten study sites. 
 

Table 3.1: LILO Study Sites and Site Characteristics 

Site  

Year 
LILO 

Installed 

Center 
treatment 
/median 

width (ft) 

Speed 
Limit 
(mph) 

Acell 
Length 

(ft) 

LILO 
Signs 

Present? 
Via De La Sendero & Indian Bend 2010 15 40 200 No 
100th & Shea 1990 18 45 285 Yes 
Chaparral & Chaparral Plaza 2003 10 30 125 No 
104th & McDowell Mtn Ranch 2009 23 40 130 Yes 
Frank Lloyd Wright (FLW) & Redfield 2013 18 45 185 No 
Hayden & 74th 2002 18 45 300 Yes 
Indian Bend & Paradise View 2009 10 40 100 Yes 
Pima & DC Marketplace 2007 25 45 315 Yes 
Shea & 118th 1990 20 50 290 Yes 
Shea & 120th 1990 20 50 290 Yes 
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To ultimately obtain field observed volumes, minor road left-turn delay, and queue data, videos 
were recorded at the ten study sites in the field in October and November 2023. Videos were 
recorded for one day at each study site during AM peak hours (7-9am) and PM peak hours (4-
6pm) for a total of 40 site-hours of video. Videos were collected by city of Scottsdale staff using 
StreetLogic Pro cameras and then shared with NAU for analysis. 

 
3.2 VOLUME DATA 

Turning movement volume counts were conducted for each hour at each study site through a 
combination of automated counts using countCLOUD software provided by the city of 
Scottsdale (for six study sites) and manual data reduction from the video (for the remaining four 
sites). Volumes were counted in 15-minute bins and then ultimately combined to obtain hourly 
turning movement volumes for site-hour. The turning movement volumes collected at each site 
include: 

• Minor Road Right Turn Volume 
• Minor Road Left Turn Volume 
• Major Road Near-side (closest to minor rd.) Right Turn Volume 
• Major Road Near-side (closest to minor rd.) Through Volume 
• Major Road Far-side (further from minor rd.) Left Turn Volume (onto the minor road) 
• Major Road Far-side (further from minor rd.) Through Volume 

The volume data ultimately is used for microsimulation modeling and to explore impacts on 
minor road left-turn delay in this study, and a summary of volumes by site-hour is shown in 
Table 3.2. 
 
3.3 DELAY AND QUEUE DATA 

The overall objective of this study is to examine the impacts of different volumes on minor road 
left-turn delay, and therefore field-observed delay was collected using a series of time stamps 
from the field-collected videos. Additionally, queue lengths were collected for use in the 
microsimulation modeling process. This data collected included collection of twelve fields for 
every minor road left-turning vehicle observed at the LILO sites. These fields include: 

1. Color of vehicle (used by data collector for tracking vehicles) 
2. Vehicle type (car or truck - used by data collector for tracking vehicles) 
3. Time stamp when vehicle arrives at back of Queue 
4. Number of vehicles in queue in front of vehicle when they arrive at back of queue 
5. Time stamp when vehicle arrives at stop bar 
6. Time stamp when vehicle departs stop bar 
7. Rolling Stop (Yes or No) 
8. Conflict between major / minor left-turning vehicles (Yes or No) 
9. Number of vehicles in queue behind vehicle when it departs stop bar 
10. Time stamp when vehicle arrives in the median acceleration area 
11. Time stamp when vehicle merges into traffic completing left turn 
12. Comments 
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These items were reduced from the videos in an office setting, and data collectors could stop, 
pause, and rewind video as needed to allow for accurate data collection. Ultimately, using 
differences between the time stamps, delay for left-turning vehicles was determined for the time 
it took for vehicles to move from back of queue (BoQ) to the stop bar, stop bar to the median 
acceleration area, and from the median acceleration area to when the vehicle ultimately merges 
to complete the left turn. These components added together represent the total delay for minor 
road left-turning vehicles, and the delay for all vehicles within each site-hour were averaged to 
determine the average delay in seconds per vehicle for site-hour. Queue lengths were collected 
by observing the number of vehicles queued, then averaged for each site hour and converted to 
length in feet using the assumption of 19ft per passenger vehicle (AASHTO, 2011). Table 3.2 
shows a summary of average total delay for minor road left-turning vehicles and queue lengths 
for each study site-hour. 
 

Table 3.2: Summary of Field-Collected Delay, Volume, and Queue Data 

Site 

Hour of 
Day 

(4=4pm, 
5=5pm, 
7=7am, 
8=8am) 

Total 
Minor 
Left 
Turn 
Field-

Observed 
Delay 
(s/veh) 

Minor 
Approach 
Volume 

(vph) 

Percent 
Minor 

Approach 
Left Turn 

(%) 

Near 
Side 

Major 
Volume 

(vph) 

Far 
Side 

Major 
Volume 

(vph) 

Percent 
Far 
Side 

Major 
Left 
Turn 
(%) 

Cross 
Product 
Minor 

LT-
Total 
Major 

Vol/1000  

Average 
Minor 
Left 
Turn 

Queue 
Length 

(ft) 

Via De La 
Sendero & Indian 
Bend 4 27 121 56.0 898 628 9.0 103.4 16.3 
Via De La 
Sendero & Indian 
Bend 5 31 113 62.0 846 698 8.0 108.2 10.9 
Via De La 
Sendero & Indian 
Bend 7 18 148 70.0 504 455 5.0 99.4 6.9 
Via De La 
Sendero & Indian 
Bend 8 20 142 66.0 561 515 9.0 100.8 10.4 

100th & Shea 4 32 53 68.0 1328 1211 1.5 91.5 5.3 

100th & Shea 5 23 49 57.0 1375 1084 1.9 68.7 6.6 

100th & Shea 7 22 34 68.0 1076 1216 0.9 53.0 7.5 

100th & Shea 8 29 38 66.0 1231 1409 0.8 66.2 9.2 
Chaparral & 
Chaparral Plaza 4 19 127 25.0 613 711 12.0 42.0 1.0 
Chaparral & 
Chaparral Plaza 5 17 126 26.0 641 701 10.0 44.0 4.6 
Chaparral & 
Chaparral Plaza 7 20 38 21.0 582 387 6.0 7.7 3.4 
Chaparral & 
Chaparral Plaza 8 18 57 26.0 695 418 11.0 16.5 0.9 
104th & 
McDowell Mtn 
Ranch 4 18 103 82.0 723 486 3.0 102.1 1.2 
104th & 
McDowell Mtn 
Ranch 5 28 134 86.0 668 443 4.0 128.0 2.9 
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104th & 
McDowell Mtn 
Ranch 7 17 101 85.0 384 750 3.0 97.4 4.1 
104th & 
McDowell Mtn 
Ranch 8 25 167 86.0 485 564 5.0 150.7 1.3 

FLW & Redfield 4 43 110 62.0 1270 1147 2.4 164.8 1.0 

FLW & Redfield 5 61 92 73.0 1403 1155 2.9 171.8 4.6 

FLW & Redfield 7 27 109 62.0 900 1172 2.0 140.0 3.4 

FLW & Redfield 8 32 76 54.0 763 1041 2.6 74.0 0.9 

Hayden & 74th 4 24 58 36.0 743 1007 4.0 36.5 5.3 

Hayden & 74th 5 21 47 32.0 568 913 4.0 22.3 16.9 

Hayden & 74th 7 19 63 29.0 675 441 3.0 20.4 5.7 

Hayden & 74th 8 24 67 42.0 764 638 3.0 39.5 14.4 
Indian Bend & 
Paradise View 4 28 38 61.0 703 904 7.0 37.3 5.5 
Indian Bend & 
Paradise View 5 31 50 82.0 756 843 8.0 65.6 2.2 
Indian Bend & 
Paradise View 7 15 51 76.0 464 574 4.0 40.2 11.7 
Indian Bend & 
Paradise View 8 22 44 66.0 517 680 4.0 34.8 17.2 
Pima & DC 
Marketplace 4 51 123 41.0 1794 1622 2.0 172.3 2.0 
Pima & DC 
Marketplace 5 45 141 38.0 1710 1305 3.0 161.5 5.0 
Pima & DC 
Marketplace 7 33 102 48.0 1358 1505 2.0 140.2 0.8 
Pima & DC 
Marketplace 8 40 111 44.0 1725 1673 2.0 166.0 6.8 

Shea & 118th 4 44 60 83.0 1675 1842 1.0 175.1 5.8 

Shea & 118th 5 46 58 91.0 1511 1671 1.0 167.9 8.4 

Shea & 118th 7 46 78 76.0 1966 1859 0.5 226.7 15.6 

Shea & 118th 8 59 43 63.0 1804 1413 1.0 87.1 6.7 

Shea & 120th 4 47 69 64.0 1865 1649 2.0 155.2 5.9 

Shea & 120th 5 45 62 73.0 1725 1489 1.0 145.5 8.8 

Shea & 120th 7 50 124 48.0 1912 1964 2.0 230.7 8.5 

Shea & 120th 8 49 106 60.0 1424 1776 2.0 203.5 13.2 
 
3.4 ROLLING STOP AND MAJOR/MINOR LEFT TURN CONFLICT 
DATA  

As noted in Section 3.3, additional items collected for each minor road left-turning vehicle 
included whether the vehicle made a ‘rolling stop’ (i.e. did not come to a complete stop at the 
stop bar), and whether the minor road left-turning vehicle was involved in a conflict with a major 
road left-turning vehicle. These items were collected at the request of Scottsdale staff to gain 
additional insights into LILO operations. A summary of these data are presented in Table 3.3. 
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With respect to rolling stops, the overall average percentage of minor road left-turning vehicles 
making rolling stops among all site-hours was 33.7%. It is not clear how this compares with 
other typical stop-controlled intersections, but comparisons could be made in future research. 
While rolling stops usually occur when vehicles arrive at the stop bar with no conflicting traffic 
on the near-side major road, this maneuver could potentially have safety impacts, particularly for 
pedestrians and bicyclists using sidewalks/crosswalks crossing the minor road. 
 
With respect to conflicts between minor and major road left-turning vehicles, the overall average 
of this occurrence was 1.5% of all minor road left-turning vehicles. This scenario occurs when a 
minor road left-turning vehicle starts their crossing of the near-side major road at the same time 
as a major road left-turning vehicle (which actually has the right-of-way) is starting their turn 
onto the minor road. Example screen shots of this scenario are shown in Figure 3.1 and Figure 
3.2. While this conflict can create safety issues, all instances observed in the field-collected 
video were resolved by the drivers without incident. Although this conflict was a relatively rare 
occurrence, consideration should be given to ensuring minor road left-turning drivers are aware 
that they must yield to major road left-turning vehicles. Signage or public awareness campaigns 
could be considered in this effort. It should be noted that it’s unclear how the prevalence of this 
conflict at LILO sites compares to sites with standard median openings, and future research 
could explore this comparison.  
 

 

 
Figure 3.1: Left Turn Conflict Example at Paradise View and Indian Bend 

 

 
Figure 3.2: Left Turn Conflict Example at Pima and DC Marketplace 
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Table 3.3: Summary of Rolling Stop and Major-Minor Left Turn Conflict Data 

Site Hour 

Minor 
Road Left 

Turn 
Volume 

(vph) 

No. of 
Rolling 
Stops 

Percent 
of 

Rolling 
Stops 

No. of 
Maj-

Min Left 
Turn 

Conflicts 

Percent of 
Maj-Min 
Left Turn 
Conflicts 

Via De La Sendero 
& Indian Bend 

7-8 AM 104 60 57.9% 0 0.0% 
8-9 AM 94 52 55.5% 1 1.1% 
4-5 PM 68 27 39.8% 0 0.0% 
5-6 PM 70 34 48.5% 1 1.4% 

100th & Shea 

7-8 AM 23 10 43.3% 0 0.0% 
8-9 AM 25 13 51.8% 0 0.0% 
4-5 PM 36 10 27.7% 0 0.0% 
5-6 PM 28 10 35.8% 0 0.0% 

Chaparral & 
Chaparral Plaza 

7-8 AM 8 3 37.6% 0 0.0% 
8-9 AM 15 6 40.5% 0 0.0% 
4-5 PM 32 16 50.4% 2 6.3% 
5-6 PM 33 14 42.7% 1 3.1% 

104th & McDowell 
Mtn Ranch 

7-8 AM 86 32 37.3% 0 0.0% 
8-9 AM 144 33 23.0% 3 2.1% 
4-5 PM 84 23 27.2% 0 0.0% 
5-6 PM 115 32 27.8% 0 0.0% 

Frank Lloyd 
Wright & Redfield 

7-8 AM 68 13 19.2% 0 0.0% 
8-9 AM 41 8 19.5% 2 4.9% 
4-5 PM 68 14 20.5% 2 2.9% 
5-6 PM 67 8 11.9% 0 0.0% 

Hayden & 74th 

7-8 AM 18 6 32.8% 0 0.0% 
8-9 AM 28 4 14.2% 0 0.0% 
4-5 PM 21 7 33.5% 0 0.0% 
5-6 PM 15 4 26.6% 0 0.0% 

Indian Bend & 
Paradise View 

7-8 AM 39 15 38.7% 0 0.0% 
8-9 AM 29 15 51.7% 1 3.4% 
4-5 PM 23 4 17.3% 1 4.3% 
5-6 PM 41 11 26.8% 1 2.4% 

Pima & DC 
Marketplace 

7-8 AM 49 22 44.9% 0 0.0% 
8-9 AM 49 20 41.0% 1 2.0% 
4-5 PM 50 16 31.7% 1 2.0% 
5-6 PM 54 16 29.9% 2 3.7% 

Shea & 118th 
7-8 AM 59 19 32.1% 4 6.7% 
8-9 AM 27 8 29.5% 0 0.0% 
4-5 PM 50 16 32.1% 2 4.0% 
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5-6 PM 53 19 36.0% 1 1.9% 

Shea & 120th 

7-8 AM 60 17 28.6% 2 3.4% 
8-9 AM 64 19 29.9% 1 1.6% 
4-5 PM 44 14 31.7% 1 2.3% 
5-6 PM 45 9 19.9% 1 2.2% 

Average: 33.7%   1.5% 

4.0 MICROSIMULATION MODEL CREATION AND 
CALIBRATION 

4.1 BASELINE MICROSIMULATION MODEL DEVELOPMENT 

After field-observed volume, delay, and queue data were reduced from field-collected videos as 
described previously, microsimulation models were created for each of the ten study LILO sites 
using Vissim software. For each site, a roadway network was created based on existing geometry 
as observed using Bing maps, which is integrated within the Vissim software. This was 
accomplished by creating roadway links following existing geometry at each LILO site, adding 
stop signs for the minor road approach, and setting conflict zones (with appropriate priority) 
where applicable for each site where major or minor road left-turning vehicles cross with major 
road through traffic and where merge/diverge maneuvers occur. Additionally, vehicle speed 
ranges were input using the existing speed limits at each site as the 85th percentile speed in the 
Vissim speed distribution.  
 
Next, vehicle routing/volumes were input for each hour at each site based on the previously 
described field-collected turning movement volumes for each site-hour. Finally, travel time/delay 
measurement zones were added to each model such that they matched the delay measurement 
locations used in the field-collected data described previously in Section 3.3. An example screen 
shot of the Vissim model for Shea Blvd. and 120th St. is shown in Figure 4.1. Once the baseline 
models were created, observations of the running models with Vissim default driver behavioral 
values were made, and based on these qualitative observations, the vehicles within the models 
seemed to be behaving as expected and similar to vehicles in the field-collected videos. 
However, quantitative model calibration is required to confirm that the microsimulation models 
are reliably representing field-observed conditions, particularly with respect to minor road left-
turning vehicle delay in this study. As such, a comprehensive calibration process was undertaken 
for each site-hour using field-observed delay, queue lengths and vehicles served, and that process 
is described subsequently in Section 4.2. It should be noted that based on existing guidance 
(CODOT, 2023; ODOT, 2023; WSDOT, 2021), during the calibration process and sensitivity 
analysis, each Vissim model is run with a 15-minute startup period and each hour is run ten times 
with ten different random seeds. Reported output values for each hour (e.g. delay) are then 
averaged across the ten different runs with different random seeds. 
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Figure 4.1: Example Vissim model for Shea Blvd. and 120th St. 

 
4.2 MICROSIMULATION MODEL CALIBRATION 

After baseline microsimulation models were developed using existing geometries and hourly 
volumes as described in Section 4.1, a calibration process was undertaken to ensure that the 
microsimulation models were accurately representing existing real-world conditions. Based on 
existing practices and past work in this area (ODOT, 2023; Russo et al., 2022), three parameters 
were used to assess model calibration with a focus on minor road left-turning vehicles: 

• Percent difference between field-observed and model-reported delay 
• Average queue length 
• Vehicles served (i.e. all vehicles input into the model are able to be served within the 

specified model time frame). 
Baseline models for each hour at each site were assessed with respect to all three parameters 
above with a primary focus on the delay comparison. In each Vissim model, the primary 
parameters that were adjusted for left-turning vehicles to closer match field-observed conditions 
were: Front Gap (FrontGapDef), Rear Gap (RearGapDef), the Safety Distance Factor 
(SafDistFactDef), and occasionally the Additional Stopping Distance (AddStopDist). These 
parameters are essentially related to the critical gap acceptance behavior for left-turning vehicles. 
 
A comprehensive iterative process was completed for each site-hour of simulation to arrive at the 
closest possible match to field-observed conditions. The results of the calibration process are 
shown in Table 4.1. With respect to vehicles served, there were no errors indicating vehicles 
were not served in any of the hourly simulations, indicating all vehicles input into each model 
traveled through the intersection as expected. With respect to queue length, the difference 
between the field observed and model-predicted queue lengths ranged from 0.02ft to 17.7ft, with 
an average difference of 2.7 ft. According to the American Association of State Highway and 
Transportation Official’s (AASHTO) Policy on Geometric Design of Highways and Streets, the 
assumed length of passenger vehicles is 19ft (AASHTO, 2011), so all queue differences are less 
than one vehicle. This is an acceptable difference for queue lengths for calibrated 
microsimulation models. 



 

13 

 
With respect to the differences in field-observed and model-predicted delay, 36 out of 40 site-
hours had percent differences of less than 15% (with most under 10%) which is considered 
acceptable for microsimulation model calibration (shown with green shading in Table 4.1). In 
fact, the average percent difference for these 36 site-hours was 4.1% (or an absolute average 
difference of 1.1sec). The three site hours shown with yellow shading in Table 4.1 had a percent 
difference between field-observed and model-predicted delay of greater than 15%, however, the 
differences were less than 10sec (which is the difference in ranges of LOS values for TWSC 
intersections), and therefore were retained in the analysis. The site-hour shown with red shading 
in Table 4.1 (8-9am at Frank Lloyd Wright & Redfield) had a difference of greater than 15% and 
greater than 10sec, and therefore was excluded from the analysis. Ultimately, the calibrated 
Vissim models for each hour were then used to conduct the sensitivity analysis described 
subsequently in Chapter 5.0. 
 

Table 4.1: Microsimulation Model Calibration Results 

Site Hour 

Delay  
[s] Queue Length [ft] 

All 
Veh. 

Served
? 

Field-
Observed Vissim Percent 

Difference 

Average 
Queue 

Length [ft] 
(field-

observed) 

Average 
Queue 
Length 

[ft] 
(Vissim) 

Difference 
[ft] 

Via De La 
Sendero & 

Indian Bend 

7-8 AM 18 16.4 -8.89% 5.25 2.05 3.20 Yes 
8-9 AM 20 18.92 -5.40% 6.57 2.17 4.40 Yes 
4-5 PM 27 26.36 -2.37% 7.54 1.66 5.88 Yes 
5-6 PM 31 27.72 -10.58% 9.24 2.77 6.47 Yes 

100th & 
Shea 

7-8 AM 22 20.87 -5.14% 0.95 0.48 0.47 Yes 
8-9 AM 29 29.89 3.07% 4.56 0.85 3.71 Yes 
4-5 PM 32 29.85 -6.72% 3.39 1.59 1.80 Yes 
5-6 PM 23 22.15 -3.70% 0.90 0.88 0.02 Yes 

Chaparral & 
Chaparral 

Plaza 

7-8 AM 20 20.59 2.95% 0.95 0.66 0.29 Yes 
8-9 AM 18 18.48 2.67% 4.56 1.34 3.22 Yes 
4-5 PM 19 19.40 2.11% 3.39 2.91 0.48 Yes 
5-6 PM 17 17.5 2.94% 0.90 3.22 -2.32 Yes 

104th & 
McDowell 
Mtn Ranch 

7-8 AM 17 14.76 -13.18% 5.34 1.50 3.84 Yes 
8-9 AM 25 16.34 -34.64% 16.87 4.82 12.05 Yes 
4-5 PM 18 17.8 -1.11% 5.70 2.19 3.51 Yes 
5-6 PM 28 20.73 -25.96% 14.38 4.83 9.55 Yes 

Frank Lloyd 
Wright & 
Redfield 

7-8 AM 27 26.79 -0.78% 5.45 3.65 1.80 Yes 
8-9 AM† 32 21.77 -31.97% 2.21 0.82 1.39 Yes 
4-5 PM 43 44.16 2.70% 11.71 10.26 1.45 Yes 
5-6 PM 61 61.33 0.54% 17.16 17.65 -0.49 Yes 

Hayden & 
74th 

7-8 AM 19 17.31 -8.89% 1.19 0.22 0.97 Yes 
8-9 AM 24 22.22 -7.42% 2.95 0.44 2.51 Yes 
4-5 PM 24 25.17 4.88% 4.07 0.27 3.80 Yes 
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5-6 PM 21 20.29 -3.38% 1.27 0.20 1.07 Yes 

Indian Bend 
& Paradise 

View 

7-8 AM 15 14.07 -6.20% 2.00 0.67 1.33 Yes 
8-9 AM 22 17.42 -20.82% 5.05 0.67 4.38 Yes 
4-5 PM 28 25.71 -8.18% 0.83 0.67 0.16 Yes 
5-6 PM 31 28.79 -7.13% 6.82 2.26 4.56 Yes 

Pima & DC 
Marketplace 

7-8 AM 33 32.57 -1.30% 5.78 0.77 5.01 Yes 
8-9 AM 40 38.4 -4.00% 8.39 1.30 7.09 Yes 
4-5 PM 51 53.91 5.71% 15.60 1.29 14.31 Yes 
5-6 PM 45 46.77 3.93% 6.74 1.29 5.45 Yes 

Shea & 
118th 

7-8 AM 46 45.5 -1.09% 5.87 4.24 1.63 Yes 
8-9 AM 59 57.82 -2.00% 8.82 2.86 5.96 Yes 
4-5 PM 44 44.5 1.14% 8.53 1.58 6.95 Yes 
5-6 PM 46 44.64 -2.96% 13.19 4.54 8.65 Yes 

Shea & 
120th 

7-8 AM 50 51.08 2.16% 16.29 4.98 11.31 Yes 
8-9 AM 49 48.87 -0.27% 10.93 7.85 3.08 Yes 
4-5 PM 47 46.72 -0.60% 6.85 2.02 4.83 Yes 
5-6 PM 45 45.62 1.38% 10.38 2.20 8.18 Yes 

† Hour excluded from analysis 
Green highlighted cells = percent difference between field-observed and model reported delay <15% 
Yellow highlighted cells = difference between field-observed and model reported delay >15% but less than 10s 
Red highlighted cells = difference between field-observed and model reported delay unacceptable and excluded from 
analysis 

5.0 SENSITIVITY ANALYSIS 

To examine the minor road left-turning vehicle delay across different ranges of minor and major 
road volumes at LILO sites, a sensitivity analysis was conducted using the calibrated 
microsimulation models described in Section 4.2. To conduct the sensitivity analysis, for each 
site hour (excluding the 8-9am hour at Frank Lloyd Wright & Redfield as mentioned previously), 
the following process was conducted: 

1) Starting with the field observed volumes for each site-hour, the minor approach volume 
was decreased by 25vph and the major road volumes (both near side and far side) were 
decreased each by 100vph (keeping left turn percentages constant). For each change in 
volumes, the microsimulation model was run (with a 15 min startup and taking the 
average of 10 runs with different random seeds as mentioned previously) and the 
resultant delay for minor road left-turning vehicles was recorded. This process was 
continued incrementally until the resulting delay was less than 10sec (i.e. LOS A for 
TWSC intersections) or vehicle volumes could not be reduced further.  

2) Starting with field observed volumes, the minor approach volume was increased by 
25vph and the major road volumes (both near side and far side) were increased each by 
100vph (keeping left turn percentages constant). For each change in volumes, the 
microsimulation model was run (with a 15 min startup and taking the average of 10 runs 
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with different random seeds as mentioned previously) and the resultant delay for minor 
road left-turning vehicles was recorded. This process was continued incrementally until 
the resulting delay was greater than 50 sec (i.e. LOS F for TWSC intersections). 

 
This process resulted in a total of 264 total simulation runs across all site-hours with 10 
simulations (with different random seeds) per run, for a total of 2,640 simulation hours. The 
results of the sensitivity analysis are presented in Appendix A. Figures Figure 5.1, Figure 5.2, 
and Figure 5.3 show scatterplots of the relationship between minor road left-turn total delay and 
total major road volume, minor road approach volume, and the cross-product of minor road left-
turn volume and major road volume (in 1000’s), respectively based on the results of the 
sensitivity analysis.  Ultimately, this dataset was then used to estimate linear regression 
predictive delay models presented in Chapter 6.0. 
 

 
Figure 5.1: Scatterplot of minor road LT delay vs. total major road volume 
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Figure 5.2: Scatterplot of minor road LT delay vs. minor road approach volume 

 

 
Figure 5.3: Scatterplot of minor road LT delay vs. cross product of minor road LT volume 

and total major road volume (in 1000’s) 
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6.0 DEVELOPMENT OF PREDICTIVE DELAY MODELS 

To predict delay as a function of different combinations of minor left turn and major road 
volumes, a series of linear regression models were estimated. This modeling framework is 
appropriate given the continuous nature of the dependent variable (delay in seconds). Linear 
regression is widely used to model relationships between variables, and the model outputs are 
relatively easy to interpret and to use to develop predictions (Washington et al., 2011). The linear 
regression model takes the following form (Washington et al., 2011):  
 
𝑌𝑌𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1𝑋𝑋1+𝛽𝛽𝑖𝑖𝑋𝑋𝑖𝑖 + 𝜀𝜀𝑖𝑖                                        (1) 
 
where: Yi is the delay (in sec/veh) for minor road left-turning vehicle i; X is a vector of volume 
and site characteristics (i.e. different minor and major road volume characteristics); β’s are 
vectors of model-estimated parameters; and ε’s are disturbance terms. Ultimately, the results of 
each model can be used to predict delay as a function of different minor and major road volume 
inputs. Additionally, the R2 goodness of fit parameter is estimated for each model. This 
parameter represents the proportion of variability accounted for by the independent variables 
(e.g. Xi) in each model (Washington et al., 2011). The R2 value ranges from 0 to 1.0, with values 
closer to 1.0 representing a better model fit.  
 
Two primary sets of linear regression models were estimated: models predicting total delay 
(from back of queue (BoQ) arrival to merging with traffic after completion of left turn – 
presented in Section 6.1) and delay from BoQ arrival to arrival in the median acceleration area 
(presented in Section 6.2). Since the LILO treatment is relatively unique given there is an 
acceleration length of several hundred feet (this distance varies site to site) when completing left 
turns, these delays were modeled separately to allow for examination of delay both including and 
excluding the merging maneuver that does not occur near the midpoint of the intersection. 
Additionally, a model was estimated which includes site characteristics (e.g. acceleration length, 
etc.) along with the volume parameters, and that model and discussion is presented in Section 
6.3. 
 
6.1 TOTAL DELAY MODELS 

Table 6.1 shows the results of the linear regression models for minor road left-turn total delay 
(BoQ to merging completion). Four different models are presented with various major and minor 
road volume parameter combinations. Model 1 is identified as the preferred model given that it 
has the highest R2 value (0.684) indicating the best model fit of the four models presented, and 
all parameters in Model 1 are statistically significant at the 95% confidence level (i.e., p-value is 
less than 0.05). Model 1 inputs include minor road approach volume (vph), left turn percentage 
(in %) of minor road volume, near-side major road volume (vph), far-side major road volume 
(vph), and left turn percentage (in %) of far-side major road volume. These volume parameters 
can be used as inputs to determine the predicted delay using the Model 1 results.  
 
Models 2 uses minor road approach volume, minor road left-turn percentage, far-side major road 
volume, and near-side major road volume as inputs. Model 3 uses minor road left-turn volume, 
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far-side major road volume, and near-side major road volume as inputs. While Models 2 and 3 
can be used to predict delay, the R2 values are less than that of Model 1, indicating Model 1 is 
the preferred choice if all the volume input parameters are available. Additionally, based on the 
results of Model 1, the left-turn percentage of the far-side major road volume does significantly 
impact minor road left-turn delay (expected as minor road left-turning vehicles need to yield to 
major road left-turning vehicles), so it’s important to consider this parameter.  
 
Model 4 is presented as the most simplified model with only one input parameter: the cross 
product of the minor road left turn volume multiplied by the total major road volume (far side + 
near side) and divided by 1000. While the R2 value of Model 4 (0.587) is less than Model 1, a 
potential advantage is that this model requires less volume input parameters, and it could be 
simpler to estimate hourly volumes (using AADT, for example) for potential future LILO sites 
where existing volumes are not available. Ultimately, all else being equal, Model 1 should be 
used when the volume input parameters are available, but other models can be considered when 
these input parameters are not available or need to be estimated at a high level. 
 

Table 6.1: Total Delay Linear Regression Models 
Parameter Estimate Std. Error P-Value 
Model 1 
Constant -17.244 4.072 <.001*** 
Minor Approach Volume (vph) 0.133 0.012 <.001*** 
Minor Approach Left Turn (LT) Percent (%) 0.104 0.036 0.004*** 
Near-Side Major Approach Volume (vph) 0.021 0.003 <.001*** 
Far-Side Major Approach Volume (vph) 0.007 0.003 0.025** 
Far-Side Major Approach Left Turn Percent (%) 0.699 0.309 0.025** 
R-squared value 0.684 
Model 2 
Constant 3.487 2.478 0.161 
Minor Approach Volume (vph) 0.218 0.017 <.001*** 
Minor Approach Left Turn Percent (%) -0.167 0.037 <.001*** 
Near-Side Major Approach Volume (vph) 0.019 0.003 <.001*** 
Far-Side Major Approach Volume (vph) 0.007 0.003 0.027** 
R-squared value 0.663 
Model 3 
Constant -4.051 1.896 0.034** 
Minor Approach Left Turn Volume (vph) 0.181 0.016 <.001*** 
Near-Side Major Approach Volume (vph) 0.021 0.003 <.001*** 
Far-Side Major Approach Volume (vph) 0.006 0.003 0.082* 
R-squared value 0.636   
Model 4 
Constant 16.081 1.136 <.001*** 
Cross-Project Minor LT Volume (vph) x Total 
Major Volume (vph) in thousands 0.151 0.008 <.001*** 
R-squared value 0.587 
Note: *, **, and *** denotes variable is significant at 90%, 95%, and 99% confidence 
level, respectively 
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6.2 BACK-OF-QUEUE TO MEDIAN DELAY MODELS 

As mentioned previously, it may be desirable to predict delay for left-turning vehicles delay from 
BoQ arrival to arrival in the median acceleration area (i.e. potentially a close comparison to 
traditional median openings). Therefore, a series of models (Models 5-8) were estimated to 
predict the BoQ-median delay, with the results are presented in Table 6.2. Similar to the results 
of the total delay models presented in Table 6.1, Model 5, which includes minor road approach 
volume (vph), left turn percentage (in %) of minor road volume, near-side major road volume 
(vph), far-side major road volume (vph), and left turn percentage (in %) of far-side major road 
volume, is the preferred model as it has the highest R2 value (0.649) of the four models presented 
in Table 6.2. It should be noted that the far-side major approach volume is not statistically 
significant in Model 5, an expected result given that the far-side major volume does not 
significantly affect left-turning minor road vehicles completing the maneuver to arrive in the 
median acceleration area. Additionally, although not statistically significant, the parameter 
estimate for the far-side major approach volume in Model 5 is essentially negligible (i.e. a 0.1 
sec change in delay per 100vph).  
 

Table 6.2: Back-of-Queue to Median Delay Linear Regression Models 
Parameter Estimate Std. Error P-Value 
Model 5 
Constant -21.629 3.846 <.001*** 
Minor Approach Volume (vph) 0.099 0.011 <.001*** 
Minor Approach Left Turn (LT) Percent (%) 0.166 0.034 <.001*** 
Near-Side Major Approach Volume (vph) 0.026 0.003 <.001*** 
Far-Side Major Approach Volume (vph) -0.001 0.003 0.770 
Far-Side Major Approach Left Turn Percent (%) 0.861 0.292 0.003*** 
R-squared value 0.649 
Model 6 
Constant -12.904 2.499 <.001*** 
Minor Approach Volume (vph) 0.111 0.01 <.001*** 
Minor Approach Left Turn Percent (%) 0.119 0.03 <.001*** 
Near-Side Major Approach Volume (vph) 0.025 0.003 <.001*** 
Far-Side Major Approach Volume (vph) -0.003 0.003 0.276 
R-squared value 0.637 
Model 7 
Constant -5.224 1.721 0.003*** 
Minor Approach Left Turn Volume (vph) 0.158 0.014 <.001*** 
Near-Side Major Approach Volume (vph) 0.025 0.003 <.001*** 
Far-Side Major Approach Volume (vph) -0.002 0.003 0.425 
R-squared value 0.626   
Model 8 
Constant 12.6 1.061 <.001*** 
Cross-Project Minor LT Volume (vph) x Total 
Major Volume (vph) in thousands 0.131 0.007 <.001*** 
R-squared value 0.552 
Note: *, **, and *** denotes variable is significant at 90%, 95%, and 99% confidence 
level, respectively 
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6.3 TOTAL DELAY MODEL WITH ADDITIONAL SITE 
CHARACTERISTICS  

Along with determining the effect of different minor and major road volumes on minor road left-
turn delay, a secondary objective of this study was to examine the potential impacts of site 
characteristics on this delay. As such, an additional model for total delay was estimated which 
incorporates site characteristics along with the volume characteristics described previously in 
Models 1 and 5. The results of this model, which incorporates site characteristics, are presented 
in Table 6.3.  
 
The site characteristics incorporated in this model include center treatment/median width, a 
binary indicator variable for speed limit of 45-50 mph (compared with 30-40 mph), acceleration 
length, and a binary indicator for the presence of LILO signage. Based on the model results, the 
higher speed limit indicator variable (45-50mph), the acceleration length, and the LILO sign 
presence indicator variable were not statistically significantly associated total delay (all p-values 
>0.10). The center treatment/median width variable was statistically significant with a negative 
parameter estimate, indicating lower expected delay at sites with wider medians. It’s unclear 
whether this result is associated with driver gap acceptance behavior at sites with different 
median widths or some other unobserved effect. It should be noted that the sample of ten study 
sites does not provide a large sample of different sites characteristics when conducting this type 
of modeling, so future research could expand the sample to further understand the potential 
impacts of LILO site characteristics on delay. Ultimately, the previously presented Models 1 and 
5 are the recommended models for use in delay prediction, but the model with site characteristics 
provides some insights into the potential impacts of LILO site characteristics on delay. 
 

Table 6.3: Total Delay Model with Site Characteristics 
Parameter Estimate Std. Error P-Value 
Constant 0.493 6.75 0.942 
Minor Approach Volume (vph) 0.15 0.012 <.001*** 
Minor Approach Left Turn (LT) Percent (%) 0.122 0.049 0.013** 
Near-Side Major Approach Volume (vph) 0.024 0.003 <.001*** 
Far-Side Major Approach Volume (vph) 0.003 0.003 0.407 
Far-Side Major Approach Left Turn Percent (%) 0.064 0.518 0.902 
Center Treatment/Median Width (ft) -0.840 0.200 <.001*** 
Speed Limit 45-50 mph (0 or 1) 5.589 4.025 0.166 
Acceleration Length (ft) -0.029 0.018 0.115 
LILO Signs Present (0 or 1) 1.614 1.941 0.406 
R-squared value 0.718 

Note: *, **, and *** denotes variable is significant at 90%, 95%, and 99% confidence level, 
respectively 
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7.0 CONCLUSIONS AND RECOMMENDATIONS 

This study presented an analysis of the operational impacts of the LILO median opening 
treatment in Scottsdale, Arizona. The overall objective was to use microsimulation modeling 
calibrated with field data to determine the effects of different major and minor road volumes 
(and select LILO design features) on the operational performance of LILO sites. To achieve this 
objective, field-recorded videos were collected at ten typical LILO intersections in Scottsdale, 
and delay, queue length, and volume information were extracted for AM peak hours (7-8am) and 
PM peak hours (4-6pm). Using the existing geometry and volumes, baseline Vissim 
microsimulation models were developed and then calibrated using delay, queue lengths, and 
vehicles served. The calibrated microsimulation models were used to perform a sensitivity 
analysis with the goal of developing predictive delay models which can be used in determining 
when operational performance at LILO sites is expected to become unacceptable. Ultimately, a 
series of predictive delay models for both total delay and BoQ-median delay were estimated 
using linear regression recommended models were identified. To the authors’ knowledge, this 
study presents the first formal analysis of the potential operational impacts of the LILO 
treatment.  
 
The recommended predictive delay models can be used to assess minor road left-turn delay for 
either existing volumes or future predicted volumes or ranges of volumes. The formulas for each 
recommended model are presented below, and major and minor road volumes and left-turn 
percentages are the inputs to the models, with the output being predicted delay in sec/veh: 
 

• Total Delay (sec/veh) = -17.224 + 0.133(Min approach vph) + 0.104(Min approach 
LT%) + 0.021(Maj near vph) + 0.007(Maj far vph) + 0.699(Maj far LT%) 
  

• BoQ-Median Delay (sec/veh) = -21.629 + 0.099(Min approach vph) + 0.166(Min 
approach LT%) + 0.026(Maj near vph) - 0.001(Maj far vph) + 0.861(Maj far LT%)  

 
The choice on which model to use requires engineering judgement from the practitioner and may 
depend on the type of analysis being conducted (e.g. predicting existing delay or comparing 
future delay for different design alternatives). Additionally, the determination on whether the 
predicted delay is acceptable requires engineering judgement. Typically, LOS D is considered 
acceptable during peak hours, and the threshold delay values for when operations degrade to 
LOS E (e.g. potentially unacceptable) are 35 sec/veh for typical TWSC intersections and 55 
sec/veh for signalized intersections per the HCM (Transportation Research Board, 2016). 
Predicted delay values at LILO intersections can be compared with these thresholds to estimate 
whether operations are expected to be acceptable. Additionally, predicted minor road left-turn 
delay at LILO sites using the models presented above can be compared with predicted minor 
road left-turn delay at typical TWSC intersections and signalized intersections (assuming the 
same volume characteristics) using methods for these other intersection types presented in the 
HCM (Transportation Research Board, 2016). 
 
In addition to the recommended delay models presented above, a model which incorporated 
LILO site characteristics was estimated, and while larger median widths were found to be 
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associated with slight delay reduction (other site characteristics were not statistically significant), 
these results were based on a relatively small sample of different site characteristics (ten study 
sites). 

 
7.1 LIMITATIONS AND DIRECTIONS FOR FUTURE RESEARCH 

While this study presents the first known specific operational analysis of the LILO median 
treatment, there were some limitations which can also be considered directions for future 
research in this area. First, this study only analyzed operations at ten LILO study sites. Ideally, 
control sites (typical TWSC intersections with standard median openings) could be incorporated 
to compare with the results at LILO sites (including rates of rolling stops and minor-major left 
turn conflicts), however that was beyond the scope and budget of this project. Future studies 
could expand both the number of LILO sites and incorporate control sites to provide additional 
insights. Relatedly, the results of the analysis which incorporated LILO site characteristics was 
somewhat limited by the sample of different characteristics at the ten study LILO sites, and 
future analyses with an expanded sample could yield additional insights with respect to the 
potential impact of different LILO site characteristics. That being said, the predictive delay 
models presented in Sections 6.1 and 6.2 still provide important information that can be used to 
assess operations at LILO sites. 
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APPENDIX A: SENSITIVITY ANALYSIS RESULTS 
 

Site 

Hour of 
Day 

(4=4pm, 
5=5pm, 
7=7am, 
8=8am) 

Field-
Observed 

Delay 
(sec/veh)  

Minor 
Approach 
Volume 

(vph) 

Minor 
LT 

Percent 
(%)  

Major 
Volume 
(Near) 
(vph) 

Major 
Volume 

(Far) 
(vph) 

Percent 
Far 
Side 

Major 
LT (%) 

BOQ-
MEDIAN 
DELAY 
(sec/veh) 

TOTAL 
DELAY 
(sec/veh) 

100th & Shea 4 N/A 3 68 1128 1011 1.5 16.28 17.99 
100th & Shea 4 N/A 28 68 1228 1111 1.5 21.15 25.25 

100th & Shea 4 32 53 68 1328 1211 1.5 25.80 29.85 
100th & Shea 4 N/A 78 68 1428 1311 1.5 32.30 38.44 
100th & Shea 4 N/A 103 68 1528 1411 1.5 46.32 53.21 
100th & Shea 5 N/A 24 57 1275 984 1.9 18.32 21.25 
100th & Shea 5 23 49 57 1375 1084 1.9 18.86 22.15 
100th & Shea 5 N/A 74 57 1475 1184 1.9 24.53 27.98 

100th & Shea 5 N/A 99 57 1575 1284 1.9 27.55 31.80 
100th & Shea 5 N/A 124 57 1675 1384 1.9 36.85 41.78 
100th & Shea 5 N/A 149 57 1775 1484 1.9 45.53 50.78 
100th & Shea 5 N/A 174 57 1875 1584 1.9 56.97 63.06 
100th & Shea 7 N/A 9 68 976 1116 0.9 15.43 19.97 
100th & Shea 7 22 34 68 1076 1216 0.9 16.68 20.87 

100th & Shea 7 N/A 59 68 1176 1316 0.9 18.99 22.98 
100th & Shea 7 N/A 84 68 1276 1416 0.9 25.29 30.21 
100th & Shea 7 N/A 109 68 1376 1516 0.9 31.34 36.92 
100th & Shea 7 N/A 134 68 1476 1616 0.9 40.25 46.98 
100th & Shea 7 N/A 159 68 1576 1716 0.9 52.56 60.34 
100th & Shea 8 N/A 13 66 1131 1309 0.8 20.52 23.76 

100th & Shea 8 29 38 66 1231 1409 0.8 25.59 29.89 
100th & Shea 8 N/A 63 66 1331 1509 0.8 32.72 37.10 
100th & Shea 8 N/A 88 66 1431 1609 0.8 39.82 45.38 
100th & Shea 8 N/A 113 66 1531 1709 0.8 60.45 66.74 
Chaparral & 
Chaparral Plaza 4 N/A 52 25 313 411 12 7.53 9.79 
Chaparral & 
Chaparral Plaza 4 N/A 77 25 413 511 12 8.87 12.28 
Chaparral & 
Chaparral Plaza 4 N/A 102 25 513 611 12 10.91 15.36 
Chaparral & 
Chaparral Plaza 4 19 127 25 613 711 12 12.62 19.40 
Chaparral & 
Chaparral Plaza 4 N/A 152 25 713 811 12 16.86 23.80 
Chaparral & 
Chaparral Plaza 4 N/A 177 25 813 911 12 19.74 29.56 
Chaparral & 
Chaparral Plaza 4 N/A 202 25 913 1011 12 23.91 37.46 
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Chaparral & 
Chaparral Plaza 4 N/A 227 25 1013 1111 12 30.53 44.74 
Chaparral & 
Chaparral Plaza 5 N/A 51 26 341 401 10 8.15 9.86 
Chaparral & 
Chaparral Plaza 5 N/A 76 26 441 501 10 10.86 12.94 
Chaparral & 
Chaparral Plaza 5 N/A 101 26 541 601 10 11.56 14.31 
Chaparral & 
Chaparral Plaza 5 17 126 26 641 701 10 14.37 17.50 
Chaparral & 
Chaparral Plaza 5 N/A 151 26 741 801 10 19.33 23.43 
Chaparral & 
Chaparral Plaza 5 N/A 176 26 841 901 10 24.69 29.78 
Chaparral & 
Chaparral Plaza 5 N/A 201 26 941 1001 10 29.72 35.82 
Chaparral & 
Chaparral Plaza 5 N/A 226 26 1041 1101 10 39.71 46.41 
Chaparral & 
Chaparral Plaza 7 N/A 13 21 482 287 6 10.58 12.13 
Chaparral & 
Chaparral Plaza 7 20 38 21 582 387 6 17.80 20.59 
Chaparral & 
Chaparral Plaza 7 N/A 63 21 682 487 6 22.21 25.56 
Chaparral & 
Chaparral Plaza 7 N/A 88 21 782 587 6 27.90 33.37 
Chaparral & 
Chaparral Plaza 7 N/A 113 21 882 687 6 35.21 40.28 
Chaparral & 
Chaparral Plaza 7 N/A 138 21 982 787 6 49.91 56.87 
Chaparral & 
Chaparral Plaza 8 N/A 7 26 495 218 11 12.41 13.80 
Chaparral & 
Chaparral Plaza 8 N/A 32 26 595 318 11 11.39 13.75 
Chaparral & 
Chaparral Plaza 8 18 57 26 695 418 11 16.04 18.48 
Chaparral & 
Chaparral Plaza 8 N/A 82 26 795 518 11 19.92 23.59 
Chaparral & 
Chaparral Plaza 8 N/A 107 26 895 618 11 24.64 29.35 
Chaparral & 
Chaparral Plaza 8 N/A 132 26 995 718 11 33.21 39.60 
Chaparral & 
Chaparral Plaza 8 N/A 157 26 1095 818 11 40.81 48.40 
FLW & Redfield 4 N/A 10 62 870 747 2.4 14.13 16.25 
FLW & Redfield 4 N/A 35 62 970 847 2.4 18.43 20.89 
FLW & Redfield 4 N/A 60 62 1070 947 2.4 23.77 26.49 

FLW & Redfield 4 N/A 85 62 1170 1047 2.4 27.31 30.46 
FLW & Redfield 4 43 110 62 1270 1147 2.4 40.88 44.16 
FLW & Redfield 4 N/A 135 62 1370 1247 2.4 56.47 60.35 
FLW & Redfield 5 N/A 17 73 1103 855 2.9 22.74 24.73 
FLW & Redfield 5 N/A 42 73 1203 955 2.9 29.22 32.47 
FLW & Redfield 5 N/A 67 73 1303 1055 2.9 33.99 37.25 

FLW & Redfield 5 61 92 73 1403 1155 2.9 57.65 61.33 
FLW & Redfield 5 N/A 117 73 1503 1255 2.9 94.41 98.80 
FLW & Redfield 7 N/A 9 62 500 772 2 12.62 15.01 
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FLW & Redfield 7 N/A 34 62 600 872 2 13.49 15.92 
FLW & Redfield 7 N/A 59 62 700 972 2 15.12 18.00 
FLW & Redfield 7 N/A 84 62 800 1072 2 19.54 22.75 
FLW & Redfield 7 27 109 62 900 1172 2 23.32 26.79 
FLW & Redfield 7 N/A 134 62 1000 1272 2 28.50 32.70 

FLW & Redfield 7 N/A 159 62 1100 1372 2 40.56 44.81 
Hayden & 74th 4 N/A 8 36 543 807 4 11.06 19.57 
Hayden & 74th 4 N/A 33 36 643 907 4 13.16 20.84 
Hayden & 74th 4 24 58 36 743 1007 4 14.47 25.17 
Hayden & 74th 4 N/A 83 36 843 1107 4 18.11 28.94 
Hayden & 74th 4 N/A 108 36 943 1207 4 20.55 34.43 

Hayden & 74th 4 N/A 133 36 1043 1307 4 22.89 39.37 
Hayden & 74th 4 N/A 158 36 1143 1407 4 26.78 47.88 
Hayden & 74th 4 N/A 183 36 1243 1507 4 33.55 60.90 
Hayden & 74th 5 N/A 22 32 468 813 4 9.90 17.03 
Hayden & 74th 5 21 47 32 568 913 4 12.18 20.29 
Hayden & 74th 5 N/A 72 32 668 1013 4 15.48 24.96 

Hayden & 74th 5 N/A 97 32 768 1113 4 16.32 27.92 
Hayden & 74th 5 N/A 122 32 868 1213 4 17.99 32.69 
Hayden & 74th 5 N/A 147 32 968 1313 4 19.72 37.01 
Hayden & 74th 5 N/A 172 32 1068 1413 4 23.90 45.69 
Hayden & 74th 5 N/A 197 32 1168 1513 4 31.26 55.39 
Hayden & 74th 7 N/A 13 29 475 241 3 10.03 11.60 

Hayden & 74th 7 N/A 38 29 575 341 3 12.41 13.90 
Hayden & 74th 7 19 63 29 675 441 3 14.33 17.31 
Hayden & 74th 7 N/A 88 29 775 541 3 16.72 20.43 
Hayden & 74th 7 N/A 113 29 875 641 3 19.36 24.63 
Hayden & 74th 7 N/A 138 29 975 741 3 23.64 30.19 
Hayden & 74th 7 N/A 163 29 1075 841 3 25.08 32.74 

Hayden & 74th 7 N/A 188 29 1175 941 3 30.21 41.29 
Hayden & 74th 7 N/A 213 29 1275 1041 3 38.87 51.60 
Hayden & 74th 8 N/A 17 42 564 438 3 12.37 14.95 
Hayden & 74th 8 N/A 42 42 664 538 3 13.39 17.16 
Hayden & 74th 8 24 67 42 764 638 3 17.11 22.22 
Hayden & 74th 8 N/A 92 42 864 738 3 21.18 27.64 

Hayden & 74th 8 N/A 117 42 964 838 3 25.68 34.34 
Hayden & 74th 8 N/A 142 42 1064 938 3 31.84 41.64 
Hayden & 74th 8 N/A 167 42 1164 1038 3 46.37 58.43 
Indian Bend & 
Paradise View 4 N/A 13 61 603 804 7 14.94 20.79 
Indian Bend & 
Paradise View 4 28 38 61 703 904 7 20.70 25.71 
Indian Bend & 
Paradise View 4 N/A 63 61 803 1004 7 29.19 35.36 
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Indian Bend & 
Paradise View 4 N/A 88 61 903 1104 7 50.23 57.68 
Indian Bend & 
Paradise View 5 N/A 25 82 656 743 8 17.82 21.29 
Indian Bend & 
Paradise View 5 31 50 82 756 843 8 23.49 28.79 
Indian Bend & 
Paradise View 5 N/A 75 82 856 943 8 42.51 49.04 
Indian Bend & 
Paradise View 5 N/A 100 82 956 1043 8 76.47 83.75 
Indian Bend & 
Paradise View 7 N/A 1 76 264 374 4 7.01 7.27 
Indian Bend & 
Paradise View 7 N/A 26 76 364 474 4 9.24 11.36 
Indian Bend & 
Paradise View 7 15 51 76 464 574 4 11.57 14.07 
Indian Bend & 
Paradise View 7 N/A 76 76 564 674 4 14.00 16.88 
Indian Bend & 
Paradise View 7 N/A 101 76 664 774 4 16.84 20.86 
Indian Bend & 
Paradise View 7 N/A 126 76 764 874 4 24.93 29.56 
Indian Bend & 
Paradise View 7 N/A 151 76 864 974 4 36.57 42.03 
Indian Bend & 
Paradise View 8 N/A 19 66 417 580 4 10.25 13.70 
Indian Bend & 
Paradise View 8 22 44 66 517 680 4 13.91 17.42 
Indian Bend & 
Paradise View 8 N/A 69 66 617 780 4 15.62 20.13 
Indian Bend & 
Paradise View 8 N/A 94 66 717 880 4 23.71 30.12 
Indian Bend & 
Paradise View 8 N/A 119 66 817 980 4 31.57 39.12 
Indian Bend & 
Paradise View 8 N/A 144 66 917 1080 4 51.41 59.54 
McDowell Mtn 
Ranch & 104th 4 N/A 28 82 423 186 3 8.84 9.40 
McDowell Mtn 
Ranch & 104th 4 N/A 53 82 523 286 3 9.96 10.93 
McDowell Mtn 
Ranch & 104th 4 N/A 78 82 623 386 3 13.18 15.05 
McDowell Mtn 
Ranch & 104th 4 18 103 82 723 486 3 15.00 17.80 
McDowell Mtn 
Ranch & 104th 4 N/A 128 82 823 586 3 19.21 22.91 
McDowell Mtn 
Ranch & 104th 4 N/A 153 82 923 686 3 26.25 30.56 
McDowell Mtn 
Ranch & 104th 4 N/A 178 82 1023 786 3 39.57 46.18 
McDowell Mtn 
Ranch & 104th 4 N/A 203 82 1123 886 3 64.28 73.28 
McDowell Mtn 
Ranch & 104th 5 N/A 34 86 268 43 4 7.97 8.15 
McDowell Mtn 
Ranch & 104th 5 N/A 59 86 368 143 4 9.56 10.16 
McDowell Mtn 
Ranch & 104th 5 N/A 84 86 468 243 4 10.96 11.98 
McDowell Mtn 
Ranch & 104th 5 N/A 109 86 568 343 4 13.88 15.42 
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McDowell Mtn 
Ranch & 104th 5 28 134 86 668 443 4 18.45 20.74 
McDowell Mtn 
Ranch & 104th 5 N/A 159 86 768 543 4 24.02 27.58 
McDowell Mtn 
Ranch & 104th 5 N/A 184 86 868 643 4 33.76 38.34 
McDowell Mtn 
Ranch & 104th 5 N/A 209 86 968 743 4 59.39 65.67 
McDowell Mtn 
Ranch & 104th 7 N/A 26 85 84 450 3 6.82 9.11 
McDowell Mtn 
Ranch & 104th 7 N/A 51 85 184 550 3 7.36 10.15 
McDowell Mtn 
Ranch & 104th 7 N/A 76 85 284 650 3 9.04 13.19 
McDowell Mtn 
Ranch & 104th 7 17 101 85 384 750 3 9.83 14.76 
McDowell Mtn 
Ranch & 104th 7 N/A 126 85 484 850 3 11.95 18.74 
McDowell Mtn 
Ranch & 104th 7 N/A 151 85 584 950 3 14.86 23.75 
McDowell Mtn 
Ranch & 104th 7 N/A 176 85 684 1050 3 19.85 31.25 
McDowell Mtn 
Ranch & 104th 7 N/A 201 85 784 1150 3 27.50 44.47 
McDowell Mtn 
Ranch & 104th 7 N/A 226 85 884 1250 3 47.40 70.02 
McDowell Mtn 
Ranch & 104th 8 N/A 92 86 185 264 5 7.69 8.66 
McDowell Mtn 
Ranch & 104th 8 N/A 117 86 285 364 5 8.87 10.53 
McDowell Mtn 
Ranch & 104th 8 N/A 142 86 385 464 5 10.47 13.07 
McDowell Mtn 
Ranch & 104th 8 25 167 86 485 564 5 12.90 16.34 
McDowell Mtn 
Ranch & 104th 8 N/A 192 86 585 664 5 16.05 20.89 
McDowell Mtn 
Ranch & 104th 8 N/A 217 86 685 764 5 23.24 29.09 
McDowell Mtn 
Ranch & 104th 8 N/A 242 86 785 864 5 29.24 37.49 
McDowell Mtn 
Ranch & 104th 8 N/A 267 86 885 964 5 48.32 59.93 
Pima & DC 
Marketplace 4 N/A 23 41 1394 1222 2 19.30 25.50 
Pima & DC 
Marketplace 4 N/A 48 41 1494 1322 2 23.83 31.85 
Pima & DC 
Marketplace 4 N/A 73 41 1594 1422 2 27.07 35.83 
Pima & DC 
Marketplace 4 N/A 98 41 1694 1522 2 33.82 45.24 
Pima & DC 
Marketplace 4 51 123 41 1794 1622 2 42.69 53.91 
Pima & DC 
Marketplace 4 N/A 148 41 1894 1722 2 63.12 78.28 
Pima & DC 
Marketplace 5 N/A 16 38 1210 805 3 15.12 18.18 
Pima & DC 
Marketplace 5 N/A 41 38 1310 905 3 18.50 22.56 
Pima & DC 
Marketplace 5 N/A 66 38 1410 1005 3 22.22 26.63 
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Pima & DC 
Marketplace 5 N/A 91 38 1510 1105 3 27.00 32.45 
Pima & DC 
Marketplace 5 N/A 116 38 1610 1205 3 32.19 38.99 
Pima & DC 
Marketplace 5 45 141 38 1710 1305 3 39.11 46.77 
Pima & DC 
Marketplace 5 N/A 166 38 1810 1405 3 44.22 53.40 
Pima & DC 
Marketplace 7 N/A 2 48 958 1105 2 8.08 10.33 
Pima & DC 
Marketplace 7 N/A 27 48 1058 1205 2 14.17 18.54 
Pima & DC 
Marketplace 7 N/A 52 48 1158 1305 2 17.49 22.53 
Pima & DC 
Marketplace 7 N/A 77 48 1258 1405 2 21.77 27.84 
Pima & DC 
Marketplace 7 33 102 48 1358 1505 2 25.12 32.57 
Pima & DC 
Marketplace 7 N/A 127 48 1458 1605 2 33.24 41.38 
Pima & DC 
Marketplace 7 N/A 152 48 1558 1705 2 38.80 48.17 
Pima & DC 
Marketplace 7 N/A 177 48 1658 1805 2 57.33 68.05 
Pima & DC 
Marketplace 8 N/A 11 44 1325 1273 2 20.38 21.95 
Pima & DC 
Marketplace 8 N/A 36 44 1425 1373 2 19.12 21.78 
Pima & DC 
Marketplace 8 N/A 61 44 1525 1473 2 22.55 25.24 
Pima & DC 
Marketplace 8 N/A 86 44 1625 1573 2 26.87 30.11 
Pima & DC 
Marketplace 8 40 111 44 1725 1673 2 34.65 38.40 
Pima & DC 
Marketplace 8 N/A 136 44 1825 1773 2 43.12 47.05 
Pima & DC 
Marketplace 8 N/A 161 44 1925 1873 2 57.16 61.77 
Shea & 118th 4 N/A 10 83 1475 1642 1 24.13 29.91 
Shea & 118th 4 N/A 35 83 1575 1742 1 30.61 37.32 
Shea & 118th 4 44 60 83 1675 1842 1 36.97 44.50 

Shea & 118th 4 N/A 85 83 1775 1942 1 55.53 64.78 
Shea & 118th 5 N/A 8 91 1311 1471 1 17.49 22.51 
Shea & 118th 5 N/A 33 91 1411 1571 1 31.89 37.27 
Shea & 118th 5 46 58 91 1511 1671 1 38.03 44.64 
Shea & 118th 5 N/A 83 91 1611 1771 1 66.36 73.09 
Shea & 118th 7 N/A 3 76 1666 1559 0.5 25.44 29.55 

Shea & 118th 7 N/A 28 76 1766 1659 0.5 25.14 28.49 
Shea & 118th 7 N/A 53 76 1866 1759 0.5 32.40 37.01 
Shea & 118th 7 46 78 76 1966 1859 0.5 41.05 45.50 
Shea & 118th 7 N/A 103 76 2066 1959 0.5 59.01 63.92 
Shea & 118th 8 N/A 18 63 1704 1313 1 36.47 40.18 
Shea & 118th 8 59 43 63 1804 1413 1 53.15 57.82 

Shea & 118th 8 N/A 68 63 1904 1513 1 78.61 83.91 
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Shea & 120th 4 N/A 19 64 1665 1449 2 23.62 28.56 
Shea & 120th 4 N/A 44 64 1765 1549 2 31.01 36.24 
Shea & 120th 4 47 69 64 1865 1649 2 40.75 46.72 
Shea & 120th 4 N/A 94 64 1965 1749 2 59.63 67.07 
Shea & 120th 5 N/A 12 73 1525 1289 1 24.84 29.31 

Shea & 120th 5 N/A 37 73 1625 1389 1 29.58 34.12 
Shea & 120th 5 45 62 73 1725 1489 1 39.73 45.62 
Shea & 120th 5 N/A 87 73 1825 1589 1 64.85 71.26 
Shea & 120th 7 N/A 24 48 1512 1564 2 21.64 26.28 
Shea & 120th 7 N/A 49 48 1612 1664 2 21.93 26.47 
Shea & 120th 7 N/A 74 48 1712 1764 2 29.61 34.69 

Shea & 120th 7 N/A 99 48 1812 1864 2 33.53 39.39 
Shea & 120th 7 50 124 48 1912 1964 2 44.70 51.08 
Shea & 120th 7 N/A 149 48 2012 2064 2 49.63 57.69 
Shea & 120th 8 N/A 6 60 1024 1376 2 14.67 20.00 
Shea & 120th 8 N/A 31 60 1124 1476 2 21.89 26.76 
Shea & 120th 8 N/A 56 60 1224 1576 2 23.97 29.67 

Shea & 120th 8 N/A 81 60 1324 1676 2 31.64 38.29 
Shea & 120th 8 49 106 60 1424 1776 2 40.73 48.87 
Shea & 120th 8 N/A 131 60 1524 1876 2 69.07 78.33 
Via De La Sendero 
& Indian Bend 4 N/A 21 56 498 228 9 10.90 11.78 
Via De La Sendero 
& Indian Bend 4 N/A 46 56 598 328 9 13.15 14.60 
Via De La Sendero 
& Indian Bend 4 N/A 71 56 698 428 9 14.54 16.85 
Via De La Sendero 
& Indian Bend 4 N/A 96 56 798 528 9 20.90 23.98 
Via De La Sendero 
& Indian Bend 4 27 121 56 898 628 9 22.28 26.36 
Via De La Sendero 
& Indian Bend 4 N/A 146 56 998 728 9 33.67 38.58 
Via De La Sendero 
& Indian Bend 4 N/A 171 56 1098 828 9 47.23 53.12 
Via De La Sendero 
& Indian Bend 5 N/A 13 62 446 298 8 9.90 11.77 
Via De La Sendero 
& Indian Bend 5 N/A 38 62 546 398 8 12.43 14.40 
Via De La Sendero 
& Indian Bend 5 N/A 63 62 646 498 8 15.37 17.75 
Via De La Sendero 
& Indian Bend 5 N/A 88 62 746 598 8 18.61 22.24 
Via De La Sendero 
& Indian Bend 5 31 113 62 846 698 8 23.34 27.72 
Via De La Sendero 
& Indian Bend 5 N/A 138 62 946 798 8 30.67 36.20 
Via De La Sendero 
& Indian Bend 5 N/A 163 62 1046 898 8 41.29 48.53 
Via De La Sendero 
& Indian Bend 5 N/A 188 62 1146 998 8 77.81 87.44 
Via De La Sendero 
& Indian Bend 7 N/A 73 70 204 155 5 8.13 8.93 
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Via De La Sendero 
& Indian Bend 7 N/A 98 70 304 255 5 9.79 11.17 
Via De La Sendero 
& Indian Bend 7 N/A 123 70 404 355 5 11.38 13.12 
Via De La Sendero 
& Indian Bend 7 18 148 70 504 455 5 13.92 16.40 
Via De La Sendero 
& Indian Bend 7 N/A 173 70 604 555 5 18.42 22.18 
Via De La Sendero 
& Indian Bend 7 N/A 198 70 704 655 5 25.91 30.77 
Via De La Sendero 
& Indian Bend 7 N/A 223 70 804 755 5 40.40 46.82 
Via De La Sendero 
& Indian Bend 7 N/A 248 70 904 855 5 60.22 67.65 
Via De La Sendero 
& Indian Bend 8 N/A 67 66 261 215 9 8.77 9.62 
Via De La Sendero 
& Indian Bend 8 N/A 92 66 361 315 9 10.64 11.94 
Via De La Sendero 
& Indian Bend 8 N/A 117 66 461 415 9 12.36 14.37 
Via De La Sendero 
& Indian Bend 8 20 142 66 561 515 9 16.17 18.92 
Via De La Sendero 
& Indian Bend 8 N/A 167 66 661 615 9 21.96 26.00 
Via De La Sendero 
& Indian Bend 8 N/A 192 66 761 715 9 30.90 35.58 
Via De La Sendero 
& Indian Bend 8 N/A 217 66 861 815 9 50.99 56.93 
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• Intersection Median Treatment ~ More than 60 existing locations
• Standard for lower volume T-Intersections

• Can be used in-lieu of traffic signals at some intersections
• First utilized on Shea Boulevard

Background
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• Typically applied at t-intersections on arterial roadways with medians
• Channelizing island in the median
• Exclusive left turn lane for vehicles turning left on to minor 

streets/driveways and left turn refuge with varying acceleration lengths

Introduction: LILO Median Opening 
Treatments

Aerial view of Shea 
Blvd and 104th Street – 
LILO Site 

Aerial view of Via 
Linda and 108th 
Street – Control 
Site
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• Found LILO associated with reduction in angle/LT and injury 
crashes

• Published in March 2022 Issue of ITE Journal
• CMFs published on FHWA CMF Clearinghouse

Previous Project: Safety Impacts of LILO 
Treatment

4



• Currently no formal methodology for estimating delay at LILO 
intersections in Highway Capacity Manual (HCM)

• For atypical intersection configurations, alternative analysis tools 
such as microsimulation modeling are recommended in the 
HCM

Motivation

Source: Highway 
Capacity Manual 6th 
Ed. Exhibit 20-2

LOS For TWSC 
Intersections

LOS For Signalized 
Intersections

Source: Highway 
Capacity Manual 6th 
Ed. Exhibit 19-8
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• Ten typical LILO intersections were selected in consultation with 
City of Scottsdale staff

Study Site Selection

Site 

Year 
LILO 

Installed

Center 
treatment 
/median 

width (ft)
Speed Limit 

(mph)

Acell 
Length 

(ft)

LILO 
Signs 

Present?
Via De La Sendaro & Indian Bend 2010 15 40 200 No
100th & Shea 1990 18 45 285 Yes
Chaparral & Chaparral Plaza 2003 10 30 125 No
104th & McDowell Mtn Ranch 2009 23 40 130 Yes
Frank Lloyd Wright (FLW) & Redfield 2013 18 45 185 No
Hayden & 74th 2002 18 45 300 Yes
Indian Bend & Paradise View 2009 10 40 100 Yes
Pima & DC Marketplace 2007 25 45 315 Yes
Shea & 118th 1990 20 50 290 Yes
Shea & 120th 1990 20 50 290 Yes
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• Video recorded at ten study intersections in October and 
November 2023.

• Recorded during AM (7am-9am) and PM (4-6pm) peak hours.

Video Data Collection

120th Street 
and Shea

100th Street 
and Shea
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• Manually reduced volumes, delay (minor LT) and queue (minor LT) data 
from video in an office setting.

• Collected the following fields for delay/queue data:
1. Color of Vehicle (used by data collector for tracking vehicles)

2. Vehicle Type (Car or Truck - used by data collector for tracking vehicles)

3. Time Stamp When vehicle arrives at back of Queue

4. Number of Vehicles in Queue in Front of Vehicle when they Arrive at Back of Queue

5. Time Stamp when Vehicle Arrives at Stop Bar

6. Time Stamp when Vehicle Departs Stop Bar

7. Rolling Stop (Yes or No)

8. Conflict Between Major / Minor Left Turning Vehicles (Yes or No)

9. Number of Vehicles in Queue behind Vehicle when it Departs Stop Bar

10. Time Stamp when Vehicle Arrives in the Median acceleration area

11. Time Stamp When Vehicle Merges into Traffic Completing Left Turn

12. Comments

Volume, Delay, and Queue Data Reduction

Example of Major-Minor LT Conflict
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Volume, Delay, and Queue Data Reduction
Site

Hour of Day 
(4=4pm, 5=5pm, 
7=7am, 8=8am)

Total Minor Left 
Turn Field-Observed 

Delay (s/veh)

Minor Approach 
Volume (vph)

Percent Minor 
Approach Left Turn 

(%)

Near Side Major 
Volume (vph)

Far Side Major 
Volume (vph)

Percent Far Side 
Major Left Turn 

(%)

Cross Product 
Minor LT-Total 
Major Vol/1000 

Average Minor 
Left Turn Queue 

Length (ft)

Via De La Sendaro & Indian Bend 4 27 121 56.0 898 628 9.0 103.4 16.3
Via De La Sendaro & Indian Bend 5 31 113 62.0 846 698 8.0 108.2 10.9
Via De La Sendaro & Indian Bend 7 18 148 70.0 504 455 5.0 99.4 6.9
Via De La Sendaro & Indian Bend 8 20 142 66.0 561 515 9.0 100.8 10.4
100th & Shea 4 32 53 68.0 1328 1211 1.5 91.5 5.3
100th & Shea 5 23 49 57.0 1375 1084 1.9 68.7 6.6
100th & Shea 7 22 34 68.0 1076 1216 0.9 53.0 7.5
100th & Shea 8 29 38 66.0 1231 1409 0.8 66.2 9.2
Chaparral & Chaparral Plaza 4 19 127 25.0 613 711 12.0 42.0 1.0
Chaparral & Chaparral Plaza 5 17 126 26.0 641 701 10.0 44.0 4.6
Chaparral & Chaparral Plaza 7 20 38 21.0 582 387 6.0 7.7 3.4
Chaparral & Chaparral Plaza 8 18 57 26.0 695 418 11.0 16.5 0.9
104th & McDowell Mtn Ranch 4 18 103 82.0 723 486 3.0 102.1 1.2
104th & McDowell Mtn Ranch 5 28 134 86.0 668 443 4.0 128.0 2.9
104th & McDowell Mtn Ranch 7 17 101 85.0 384 750 3.0 97.4 4.1
104th & McDowell Mtn Ranch 8 25 167 86.0 485 564 5.0 150.7 1.3
FLW & Redfield 4 43 110 62.0 1270 1147 2.4 164.8 1.0
FLW & Redfield 5 61 92 73.0 1403 1155 2.9 171.8 4.6
FLW & Redfield 7 27 109 62.0 900 1172 2.0 140.0 3.4
FLW & Redfield 8 32 76 54.0 763 1041 2.6 74.0 0.9

9



• Develop Vissim microsimulation models based on existing 
geometry/volumes.

• Calibrate using volume, delay, and queue information from field 
video.

• Perform sensitivity analysis using calibrated models

Microsimulation Modeling

Example Vissim model for Shea Blvd. and 120th St

10



Microsimulation Modeling
Chaparral Plaza & Chaparral 4-5 PM Vissim Model

11






• Used delay, queue length, and vehicles served for model 
calibration

• Model parameters adjusted until acceptable calibration achieved

Microsimulation Modeling Calibration

Field-
Observed

Vissim
Percent 

Difference

Average Queue 
Length [ft] 

(field-
observed)

Average Queue 
Length [ft] 

(Vissim)
Difference 

[ft]
7-8 AM 18 16.4 -8.89% 5.25 2.05 3.20 Yes
8-9 AM 20 18.92 -5.40% 6.57 2.17 4.40 Yes
4-5 PM 27 26.36 -2.37% 7.54 1.66 5.88 Yes
5-6 PM 31 27.72 -10.58% 9.24 2.77 6.47 Yes
7-8 AM 22 20.87 -5.14% 0.95 0.48 0.47 Yes
8-9 AM 29 29.89 3.07% 4.56 0.85 3.71 Yes
4-5 PM 32 29.85 -6.72% 3.39 1.59 1.80 Yes
5-6 PM 23 22.15 -3.70% 0.90 0.88 0.02 Yes
7-8 AM 20 20.59 2.95% 0.95 0.66 0.29 Yes
8-9 AM 18 18.48 2.67% 4.56 1.34 3.22 Yes
4-5 PM 19 19.40 2.11% 3.39 2.91 0.48 Yes
5-6 PM 17 17.5 2.94% 0.90 3.22 -2.32 Yes

Queue Length [ft]

All Vehicles 
Served?

Via De La 
Sendero & 

Indian Bend

100th & Shea

Chaparral & 
Chaparral 

Plaza

Site Hour

Combined Delay [s]

12



• For each hour, minor road LT and major road volumes were 
decreased/increased by 25vph and 100vph, respectively until 
LOS A/F (TWSC) were reached.

• 264 total hourly runs x ten simulations per run = 2,640 total 
simulation hours

Sensitivity Analysis

Site Hour
Field-

Observed 
Delay

Minor 
Approach 

Volume

Total 
Major 

Volume

Major 
Volume 
(Near)

Major 
Volume 

(Far)

Total 
Major 

Volume

BOQ-
StopBar 

Delay

StopBar -
Median 

Delay

Median-
Merge 
Delay

TOTAL 
DELAY

LOS

Chaparral & Chaparral Plaza 7 N/A 13 769 482 287 769 0.24 10.34 1.54 12.13 B
Chaparral & Chaparral Plaza 7 20 38 969 582 387 969 0.87 16.93 2.79 20.59 C
Chaparral & Chaparral Plaza 7 N/A 63 1169 682 487 1169 2.07 20.14 3.35 25.56 D
Chaparral & Chaparral Plaza 7 N/A 88 1369 782 587 1369 3.37 24.52 5.48 33.37 D
Chaparral & Chaparral Plaza 7 N/A 113 1569 882 687 1569 5.08 30.13 5.07 40.28 E
Chaparral & Chaparral Plaza 7 N/A 138 1769 982 787 1769 8.88 41.03 6.96 56.87 F
Chaparral & Chaparral Plaza 8 N/A 7 713 495 218 713 0.23 12.18 1.39 13.80 B
Chaparral & Chaparral Plaza 8 N/A 32 913 595 318 913 0.50 10.89 2.36 13.75 B
Chaparral & Chaparral Plaza 8 18 57 1113 695 418 1113 0.92 15.12 2.43 18.48 C
Chaparral & Chaparral Plaza 8 N/A 82 1313 795 518 1313 1.51 18.40 3.67 23.59 C
Chaparral & Chaparral Plaza 8 N/A 107 1513 895 618 1513 2.11 22.53 4.71 29.35 D
Chaparral & Chaparral Plaza 8 N/A 132 1713 995 718 1713 3.83 29.38 6.39 39.60 E
Chaparral & Chaparral Plaza 8 N/A 157 1913 1095 818 1913 6.07 34.74 7.59 48.40 E
Chaparral & Chaparral Plaza 8 N/A 182 2113 1195 918 2113 9.29 42.76 6.80 58.85 F
Chaparral & Chaparral Plaza 4 N/A 52 724 313 411 724 0.64 6.89 2.26 9.79 A
Chaparral & Chaparral Plaza 4 N/A 77 924 413 511 924 0.78 8.09 3.41 12.28 B
Chaparral & Chaparral Plaza 4 N/A 102 1124 513 611 1124 0.96 9.95 4.45 15.36 C
Chaparral & Chaparral Plaza 4 19 127 1324 613 711 1324 1.15 11.47 6.78 19.40 C
Chaparral & Chaparral Plaza 4 N/A 152 1524 713 811 1524 1.64 15.22 6.94 23.80 C
Chaparral & Chaparral Plaza 4 N/A 177 1724 813 911 1724 2.16 17.58 9.81 29.56 D
Chaparral & Chaparral Plaza 4 N/A 202 1924 913 1011 1924 3.26 20.65 13.55 37.46 E
Chaparral & Chaparral Plaza 4 N/A 227 2124 1013 1111 2124 4.85 25.68 14.21 44.74 E
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• To develop predictive delay models, linear regression is used
• Delay in sec/veh (continuous variable) modeled as a function of 

minor LT and major road hourly volumes
• Delay (sec/veh) = β0 + β1X1+ βiXi

Development of Predictive Delay Models

14



• Linear regression results can be used to predict delay

Predictive Delay Models Results

Delay Model for 
Total Minor Road 
Left-Turn Delay

     

Parameter Estimate Std. Error P-Value 
Model 1 
Constant -17.244 4.072 <.001*** 
Minor Approach Volume (vph) 0.133 0.012 <.001*** 
Minor Approach Left Turn (LT) Percent (%) 0.104 0.036 0.004*** 
Near-Side Major Approach Volume (vph) 0.021 0.003 <.001*** 
Far-Side Major Approach Volume (vph) 0.007 0.003 0.025** 
Far-Side Major Approach Left Turn Percent (%) 0.699 0.309 0.025** 
R-squared value 0.684 

  
    

       
         

        
        

   
  

    
         

        
        

     
  

    
       

        
   

               
  

 

       

Parameter Estimate Std. Error P-Value 
Model 5 
Constant -21.629 3.846 <.001*** 
Minor Approach Volume (vph) 0.099 0.011 <.001*** 
Minor Approach Left Turn (LT) Percent (%) 0.166 0.034 <.001*** 
Near-Side Major Approach Volume (vph) 0.026 0.003 <.001*** 
Far-Side Major Approach Volume (vph) -0.001 0.003 0.770 
Far-Side Major Approach Left Turn Percent (%) 0.861 0.292 0.003*** 
R-squared value 0.649 

  
    

       
         

        
        

   
  

    
         

        
        

     
  

    
       

        
   

               
  

 

Delay Model for 
BoQ-Median 
Minor Road Left-
Turn Delay
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• Recommended delay models:
• Total Delay = -17.224 + 0.133(Min approach vph) + 0.104(Min approach LT%) + 0.021(Maj near 

vph) + 0.007(Maj far vph) + 0.699(Maj far LT%)
 
• BoQ-Median Delay = -21.629 + 0.099(Min approach vph) + 0.166(Min approach LT%) + 

0.026(Maj near vph) - 0.001(Maj far vph) + 0.861(Maj far LT%) 

• Models can be used to estimate delay for existing or future volumes or ranges 
of volumes (and compared against HCM LOS values)

• Can be compared to traditional median openings or signalized intersections 
using HCM methods to estimate delay for these types of intersections

• Results from this study will be disseminated at local and national 
conferences/journals

Conclusions and Implications for City of 
Scottsdale 
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• Expand sample of LILO sites to assess potential impact of LILO 
design features:
• Median width
• Acceleration lengths
• Speed limits
• LILO signage 
• Other features

• Incorporate standard median opening intersections for 
comparison

Limitations and Future Research 
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• Contact information
• Email: Brendan.russo@nau.edu 
• Phone: 928-523-8094

Questions/Comments?

18
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TRANSPORTATION COMMISSION REPORT  
            
To:  Transportation Commission 
From:  Greg Davies, Senior Transportation Planner  
Subject:    Desert Foothills Trail Expansion Project  
Meeting Date:  November 21, 2024 
 
ITEM IN BRIEF   

Action: Discussion, Comment, and Action 

Purpose: Review and discuss the Desert Foothills Trail Expansion Project. A formal approval of 
the project will be requested. 

Background:  

Scottsdale has a robust trail system throughout the city, with 220 miles of trails in Scottsdale's 
McDowell Sonoran Preserve and 150 miles of trails in the neighborhood trail system. Scottsdale 
has four types of trails: primary, secondary, neighborhood, and minimally improved/rugged. 
Each classification has unique standards that align the trail with its environment.  

Trails provide pedestrians, bicyclists and equestrians with access and connectivity, improved 
quality of life and safety. Scottsdale has been preparing plans and building public trails for over 
five decades with extensive public involvement throughout. In the last 20 years, this activity 
gained more momentum. In 2004 the Scottsdale Trails Master Plan was officially adopted by 
City Council. The plan classified trails on the existing and planned network and solidified the 
city’s committed to connecting neighborhoods to the McDowell Sonoran Preserve. The Ad Hoc 
Citizens Trails Task Force was created by the City Council in 2008 to provide input on 
implementation of the master plan, and the City Council adopted the Ad Hoc Trails Task Force 
Recommendations on April 28, 2009. A Trails Subcommittee was formed on March 18, 2010, to 
advise the Transportation Commission and provide a public forum for issues surrounding paths 
and trails outside the Preserve. The Subcommittee’s name was changed to the Paths and Trails 
Subcommittee in 2014.  

Neighborhood Local Trails provide access in and around neighborhood areas and connect to 
Primary and Secondary Trails. They typically act as "feeder" trails to the regional trail network 
and may provide close-to-home recreational opportunities. Hikers, equestrians, and bicyclists 
also use Neighborhood Local Trails, and in more rural areas, they sometimes serve as 
"sidewalks." 

Project Details: 

Transportation Staff has initiated a project with 1.5 miles of unpaved multi-use neighborhood 
local trails within the Desert Foothills neighborhood on Pinnacle Vista Dr, 77th St, Redbird Rd, 
and 79th St. Trails will be constructed only in the city's right-of-way. They will not be on privately 
owned property or Natural Area Open Space land. This designated easement protects areas of 
continuous natural desert. This specific part of the trail network was prioritized because of a 
resident request in 2019 based on safety concerns for equestrian use on dust palliative 
roadways. Dust palliative provides a surface to the roadway that hardens and prevents dust in 
the air. It converts dirt roads to a surface closer to asphalt. 

The project’s trail widths and alignments will vary depending on the existing environment. The 
trails will meander around existing trees and cacti; large, established, and mature landscaping 
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will not be removed during construction. After construction, there will be minimal impacts on the 
existing conditions. However, equestrian and pedestrian access through the communities will be 
provided, which are limited by the dust-palliative roadways. They will move along the existing 
topography and have a dirt surface with a color to match the surrounding area. Construction of 
the Desert Foothills neighborhood trails will take approximately 30 days. 

 

Project's Connection with the Overall Trail System 

Trails are important to connect the whole system of trails for the 4,007 residents in the Desert 
Foothills Character Area. Scottsdale's trail network has 161 miles of existing and 132 miles of 
proposed trails, connecting people in neighborhoods to destinations, including the McDowell 
Sonoran Preserve. Most planned trails are in central and northern Scottsdale, including this 
project. Specifically, trails in these areas enhance connectivity between the Preserve and 
equestrian communities. 

Outreach Timeline 

Staff have already delayed construction to provide additional opportunities for residents to meet 
with staff and discuss concerns. Staff will continue to work with residents as these important 
elements are added to the neighborhood. 

City staff has worked extensively to conduct outreach and hear feedback from residents. 
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June 2024: City staff sent notice of trail construction to residents in June 2024, with construction 
to begin in July 2024. 

August 3, 2024: City Staff conducted a popup meeting on site, which included Transportation & 
Streets Staff and the City Manager's Office. Staff was looking to gather feedback from the 
property owners, so they delayed the construction to conduct site visits and meetings with 
residents. 

September 17, 2024: After the petition request, additional City Manager's Office staff visited the 
site with Transportation staff with an open invitation to residents. 

October 3, 2024: City staff conducted a Path and Trails Subcommittee Meeting at Florence Ely 
Nelson Park (8950 East Pinnacle Peak Rd.) specifically to discuss the construction and 
maintenance of these trails before construction starts. Staff sent an additional round of 
communication to ensure all interested residents can attend. The Paths and Trails 
Subcommittee voted to move the project forward. 

November 21, 2024: City staff will update the Transportation Commission about the project. 
There will be an opportunity for additional public comment at this meeting. 
 
Staff Contacts:  
Greg Davies, 480-312-7829, gdavies@scottsdaleaz.gov 
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Desert Foothills: Trail Project

• Linkage to the preserve

• Neighborhood 
circulation

• Connections to existing 
trail network



• Culmination of past planning efforts

• Aligned with approved policies, network 
planning and design standards

• Complete Streets policy 

• Goal: Close system gaps and improve local 
and regional connectivity with path systems, 
trail corridors and transit routes

• Plan Elements:
• Street
• Transit
• Bikeway
• Trail
• Pedestrian

Transportation Action Plan 2022



• Minimize development impacts 
• Preserve the rural & equestrian character and 

lifestyle
• Consistent with the Sonoran Desert
• Trails minimize impacts to the natural 

environment, scenic corridors & native 
vegetation

• Rural Character Type
• Desert Foothills Character Area

• Promote connected areas of desert open space & trails

 

Northern Scottsdale | Scenic Trail Network & Desert Preservation



Desert Foothills: Trail Project
Project Budget
 $80,000

Project Funding
• Transportation 0.2% 

Local Sales Tax

Project Description
• This project will 

build unpaved trails 
on one side of the 
road throughout a 
Desert Foothills 
Neighborhood. 



Desert Foothills: Trail Project

Existing Trail SystemExisting and Planned Trail System



Project History and Public Outreach

Defined 
as 

Neighborhood 
Connection 
in the 2004 
Trails Plan

Requested 
by 

Residents 
due to 
Dust 

Palliative 
coating

Initiated for 
improvements

Mailer to 
Residents 

showing the 
project 

Field 
Meetings:
August 3, 

2024
&

September 
17, 2024

Transportation 
Commission

Meeting

Planned 
Construction 

Start

Aug/Sept 
2024July 2024202220192004 Nov 2024 Dec 2024

Paths and 
Trails 

Subcommittee 
Meeting

Oct 2024

• On October 4, 2024: Paths and Trails Subcommittee voted 
and recommended the continuation of the project 



Project Need

• Provide pedestrian, bicycle, and 
equestrian connections and 
safety within the neighborhood
• Separate these modes from auto 

traffic

• Supports and connects to the 
citywide trail program

• Maintain natural look and 
character. 



Cross Sections for Residential Roads and Trails

Cross-sections vary to fit 
surrounding topography and 
landscaping

Sidewalk/Trail may be required on 
one side or both sides of the street.

  Design Standards Manual

Design Standards Manual



Policies and Design Standards
Design Standards & Policies Manual
• Rights-of-way requirements 

• are based on the space needed for the street to meet 
ultimate development requirements

• provides space for utilities, cut or fill slopes, 
sidewalks, bicycle paths, trails, traffic control 
devices and information signs, fire hydrants, 
landscaping, transit facilities.

Transportation Action Plan (2022) Trails Element
• Project aligns with the goals of the Transportation 

Action Plan:
• Complete Streets Policy
• Trails enhance quality of life for the community.



Trail Design Elements
• Provide safe, non-motorized transportation 

links, and recreation opportunities. 

• Provide legal public access to areas of 
interest 

• Blend with the surrounding environment 

• Minimize impacts on the natural environment 

• Minimize impacts on adjacent landowners 

• Require minimum levels of maintenance.

Pinnacle Peak Trail



Native Plants Preservation
Trails should be aligned to avoid disturbance 
of, and have a minimum effect on the 
following plant species: 

• whitethorn acacia 
• catclaw acacia 
• crucifixion thorn 
• hackberry 
• blue palo verde 
• foothill palo verde 
• desert willow 
• juniper 
• ironwood 

Whitethorn acacia

Arizona rosewoodSoaptree yucca

OcotilloBarrel cacit

• cottonwood 
• mesquite 
• scrub oak 
• sugar sumac 
• Arizona rosewood 
• saguaro 
• barrel cacti 
• ocotillo 
• soaptree yucca



Project Features
• All within Right of Way

• 4 ft. dirt trail

• Native material

• Compact and stabilize the 
surface

• Meander around mature 
vegetation

• Detached from edge of 
Road

Before After

Hayden Trail Rehabilitation



Property Owner Maintenance Responsibility

• Trim plants and trees and 
remove thorny plants. 

• Remove litter and debris. 
• Prevent erosion from 

drainage off the property, 
including discharged water 
from pools and spas or 
irrigation. 

Clearance of the trails is the responsibility of the adjacent property 
owner. Including: 



City Staff Maintenance Responsibility
• The city is responsible for the maintenance and restoration of trails damaged 

by monsoon or winter storms and general retreading of trails. 

Before After

76th St Trail Rehabilitation



Recent Trail Rehabilitation | 76th St.

AfterBefore



Recent Trail Construction | Dynamite Blvd.

AfterBefore



Questions?



Action
• approval of the unpaved Trail project in the Desert Foothills area.
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