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 M e m o r a n d u m  

To: OTC Transportation Planning Committee 

From: Muna Awatta, M.A.Sc., P.Eng. 

Date:        January 2020 

Project:    477152 

Re: Multimodal Level of Service (MMLOS) Preliminary Literature Review 

1. Introduction 

Multimodal Level of Service (MMLOS) analysis aims to provide the necessary tools for assessing the performance 

of all travel modes, thus allowing the consideration of tradeoffs between different road users.  Traditionally, 

transportation planning has focused on maximizing automobile level of service. In recent years, transportation 

planning has become more multimodal, and transportation planners have started to apply level of service ratings 

to all travel modes, including walking, cycling and transit. However, there is currently no “universal” or “one-size-

fits-all” methodology for assessing MMLOS, and a variety of criteria and approaches are currently in use. In fact, 

development of new MMLOS performance measures is still ongoing. 

Currently, the Ontario Traffic Council’s (OTC) Ontario Traffic Manual (OTM) Book 18 – Cycling Facilities, and Book 

15 – Pedestrian Crossing Treatments contain significant guidance regarding designs to provide adequate 

accommodations for pedestrians and cyclists. Given OTC’s commitment to multimodal planning and design, the 

OTC Transportation Planning Committee, in collaboration with the Peel Region Health Services Department, is 

currently considering the development of a new province-wide Multimodal Level of Service (MMLOS) Guideline 

to be published by OTC. An OTC MMLOS guideline would provide the following key benefits: 

• Support an Ontario-wide effort to create multimodal and complete streets through a shift to more 

wide-spread MMLOS performance measurement. 

• Develop common ground and shared understanding for MMLOS performance in Ontario.  

• Directly address the factors people consider when making the decision to walk, cycle, or use transit 

during the planning and design phase, and thus achieve more direct impacts on the use of alternate 

modes of travel. 

Ultimately, the OTC MMLOS guideline is envisioned to provide clear guidance for assessing the performance of 

all travel modes, including state of the art computational methods that are also easy to use and understand, and 

provide reasonable performance targets that are adaptable to the local context.  

In terms of potential uses, it is envisioned that MMLOS analysis would be applied whenever a traditional auto 

LOS analysis is needed. Specific applications could include Transportation Impact Assessments, Environmental 

Assessments, Transportation Master Plans, Active Travel Master Plans, Public Realm Studies, Corridor 

Assessments, and Health Impact Assessments for neighborhoods. 

2. Study Approach 

The purpose of this memorandum is to provide an overview of the current state of practice of MMLOS analysis, 

and potential implementation in Ontario. The main method of data collection was a web-based literature review, 

including national and municipal guidelines and academic research on the topic.  The literature review was 

informed by the following guideline in use by Peel Region Health: “Optimizing the Identification of Grey Literature: 

A Rapid Review” (2018).  
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The following research databases were used for the literature review: 

• National Transportation Library (US Department of Transportation) 

• Transport Research International Documentation “TRID” Database  

• Transportation Association of Canada (TAC) Library 

• Victoria Transport Policy Institute Transportation Demand Management Encyclopedia 

• Institute of Transportation Engineers (ITE) journal 

• Google Scholar 

It is important to note that this review aims to provide a scan of current practices and does not constitute a 

detailed literature review of specific MMLOS methods, nor a study scoping exercise. However, the results of this 

work are expected to provide a foundation for the scoping of the MMLOS Guideline Terms of Reference and a 

more detailed literature review to be later completed as part of the study Terms of Reference.   

In addition, as part of this assignment, a presentation was given at the OTC Transportation Planning Workshop 

in April 2019 in order to introduce this initiative and receive feedback from OTC membership. Overall, attendees 

were highly supportive of a new OTC MMLOS Guideline. The presentation is provided in the Attachment. 

3. US Federal Highway Administration Guidebook (FHWA) for Developing Pedestrian and 

Cycling Performance Measures (March, 2016)  

The US FHWA recently developed a Guidebook to help communities develop pedestrian and bicycle performance 

measures that can be integrated in ongoing performance measurement activities. Performance measures 

include pedestrian and cycling level of service, among many others.  

Since performance measures can be used in a variety of contexts and towards a variety of goals, the measures 

provided in the Guidebook are characterized according to goal and context (type of application, geography, and 

land use context).  The Guidebook directs agencies to consider several key considerations before establishing a 

performance measurement program in order to understand the scope of their program.  Key considerations 

include: 

• What goals are the performance measurement program supporting?  Understand community goals 

and use goals to frame the selection of performance measures. 

• What is the performance measure application? Understand activity for which performance measure 

will be used (i.e. reporting function or for making decisions). 

• What is the geography of analysis? Identify physical scope of performance measures (e.g. regional, 

neighborhood, corridor, or intersection level). 

• What is the prevailing land use type? Determine the density and land use type for analysis (Is analysis 

focused on urban, suburban or rural areas?) 

Based on the answers to the above questions, a toolbox can be used to identify the most appropriate 

performance measures for different contexts, including a discussion of data needs and analysis methods. The 

OTC MMLOS guideline may wish to follow a similar approach. 
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The guidebook also emphasizes that there is not a “one size fits all” measure related to pedestrian or bicycle 

travel, and it is important for agencies to select measures that are appropriate for their purpose and in alignment 

with their goals. A complete list of performance measures identified in the Guidebook is provided below: 

• Access to community destinations 

• Access to jobs 

• Adherence to accessibility laws 

• Adherence to traffic laws 

• Average travel time 

• Average trip length 

• Connectivity Index 

• Crashes 

• Crossing Opportunities  

• Delay 

• Density of destinations 

• Facility maintenance 

• Job creation 

• Land consumption 

• Land value  

• Pedestrian and Cycling Level of Service 

 

• Miles of pedestrian and cycling facilities 

• Mode Split 

• Network completeness 

• Pedestrian space 

• Pedestrian throughput 

• Physical activity and health 

• Population served by walk/bike/transit 

• Retail impacts 

• Route directness  

• Street trees 

• Transportation-disadvantaged population 

served 

• User perceptions 

• Vehicle Miles Travelled impacts 

• Volume 

Potential pedestrian and cycling level of service measures identified in the Guidebook are: 

• HCM 2010 

• Danish Pedestrian and Cycling Level of Service 

• San Francisco BEQI/PEQI 

• Level of Bicycle Traffic Stress 

• Shared-use Path Level of Service Calculator (assesses shared-use paths of various widths and mode 

splits) 

• Capacity Analysis of Pedestrian and Cycling Facilities (based on speed, flow and user density) 

The Guidebook also states that LOS methods continue to evolve as practitioners implement these measures and 

learn about limitations. As such, the Guidebook recommends that the results of these tools not be used in 

isolation, but rather as one perspective among many. 

Although the current vision for the OTC Guideline is focused on MMLOS analysis, additional performance 

measures, such as those considered in this Guidebook, could potentially be considered.  Overall, it is 

recommended that this document be considered as a key reference in development of the OTC MMLOS 

Guideline.  
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4. Literature Review 

4.1 Main Categories of Analysis 

Based on the literature review, MMLOS methodologies generally fall within the following three main categories: 

Computational Methods 

• Description: These methods generally involve the application of complex computational methods. 

• Pros: Widely applied.  

• Cons: Labour intensive, data intensive, and weak sensitivity to design changes. 

• Examples: 

o HCM 2010 

o Florida Quality / Level of Service Handbook 

Point-Based Methods 

• Description: These methods generally involve either assigning points for various criteria (e.g. whether 

or not sidewalks are present) or the application of simple calculations.   

• Pros: Simpler to apply than computational methods. 

• Cons: May be overly simplistic or not provide an adequate level of rigour. 

• Examples: 

o Charlotte MMLOS 

o North Carolina MMLOS 

o San Francisco (PEQI and BEQI)  

Single Metric Methods 

• Description: Assess all travel modes based on one metric, usually person delay. 

• Pros: Easy to use. Includes all modes. 

• Cons: May be overly simplistic or not provide an adequate level of rigour. 

• Examples: 

o Person Delay+ (Fehr and Peers MMLOS Toolkit) 

In addition, some tools apply at the intersection and corridor level to identify trade-offs with roadway changes 

(e.g. HCM 2010 and Charlotte), while others are more appropriate at a network level to assess the quality of 

streets at a network level (e.g. San Francisco PEQI/BEQI and Bicycle Level of Traffic Stress).  
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4.2 Overview of Key Methodologies 

Currently, the most widely known MMLOS methodology is the 2010 Highway Capacity Manual (HCM). The primary 

basis for the development of HCM 2010 MMLOS methodologies was the National Cooperative Highway Research 

Program (NCHRP) Report 616.  However, the HCM approach is very data-intensive and requires complex 

operational models. For instance, the HCM requires 24 inputs for a pedestrian LOS analysis alone. In addition, 

studies have shown low sensitivity to changes in design features. As such, a wide range of alternative models 

have been developed by other agencies and municipalities.   

This section provides an overview of the following key MMLOS methods used in the United States: 

• HCM 2010  

• San Francisco Pedestrian Environmental Quality Index (PEQI) and Bicycle Environmental Quality Index 

(PEQI)  

• Charlotte MMLOS Guideline  

• Fort Collins MMLOS Guideline  

• Bellevue MMLOS Guideline 

• Bicycle Level of Stress Model (Mineta) 

Additional guidelines that should be reviewed as part of the OTC MMLOS Guideline development process, among 

others, are identified below: 

• Florida’s Quality/Level of Service Handbook  

• NCHRP Report 616 – Alternative Methodologies  

• Danish Bicycle Level of Service 

• Fehr and Peers MMLOS Toolkit 

• Bicycle Compatibility Index (FHWA)  

• LOS Plus 

• FDOT LOS PLAN 

• People for bikes, Bicycle Network Analysis (BNA) 

• Shared-use Path Level of Service Calculator  

• Capacity Analysis of Pedestrian and Cycling Facilities 
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4.3 HCM 2010 

The 2000 HCM was the first version to include a standard for MMLOS. However, this original approach was met 

with significant critiques by practitioners, mainly due to the fact that the metrics did not account for ways in 

which user groups influence each other (e.g. auto LOS has no influence on transit LOS), and metrics for 

pedestrian and cycling LOS relied upon concepts that were more appropriate for automobile traffic (e.g. 

throughput and speed). As such, HCM completed a major overhaul of its MMLOS methodology in 2010. These 

metrics were slightly revised in the 2016 HCM edition, which also included a new companion software to help 

traffic engineers calculate pedestrian, cyclist and transit LOS. A more limited version by Fehr and Peers is also 

available free of charge. 

The HCM metrics are largely based on NCHRP Report 616 and the Florida Quality/Level of Service methodology. 

The models were developed based a series of surveys on bicycle and pedestrian perceptions to determine which 

elements of the roadway matter most to users. The HCM methodology for pedestrian and cyclist LOS include 

approximately 40 inputs including speed, delay, sidewalk space and roadway characteristics, while transit LOS 

requires over a dozen inputs related to service quality, area characteristics and delay.  

Variables are generally separated in the following categories: 

1. Facility Design (e.g. cross-street width at intersections, pavement conditions, sidewalk width, block 

length etc.); 

2. Facility Control (auto delay, mean speed, speed limits, bus speed, parking occupancy, crossing delay, 

signal timing length, etc.); and 

3. Modal volumes (every modal LOS is partially determined by the volume of urban street use by the 

other modes, e.g. increase in bicycle volumes on shared road segment increases auto delay). 

The key factors for MMLOS analysis based on the HCM model are summarized in Table 1 below. 

Table 1: Key Factors for HCM MMLOS Analysis (Source: Tools for Evaluating Level & Quality for all Modes: A 

Literature Review) 
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In addition to being labour and data intensive, several research studies suggest that the HCM Pedestrian and 

Bicycle Segment LOS models are largely insensitive to significant changes in cross-section attributes. Additional 

criticisms include: 

• The Highway Capacity Manual’s MMLOS is based on five studies, all from Florida, none with more than 

150 participants, all from 1997 to 2005. None of the studies include facilities that were absent from 

Florida at that time (e.g. green pavement, protected bike lanes, etc.). 

• In the Pedestrian LOS formula, on-street parking is very favorably weighted, and it overwhelms the 

influence of other design factors. On-street parking is one of the main ways to improve the Pedestrian 

LOS score, but conversely it reduces the Bicycle LOS score. 

• Due to an error in the Bicycle LOS formula, it is effectively impossible to get a segment score of A or B. 

Based on an online search, very few US jurisdictions were identified to utilize the HCM method (examples include 

King County, Washington and Yolo County, California). In fact, several jurisdictions opted to develop their own 

methodologies rather than adopt the HCM method, and the literature generally indicates that this method is not 

well understood by practitioners and sometimes referred to as a “black box”. As such, it is considered appropriate 

to investigate alternatives to the HCM methodology. 

4.4 San Francisco PEQI and BEQI 

Beginning in 2007, the San Francisco Department of Public Health (SFDPH) developed a Bicycle Environmental 

Quality Index (BEQI) and a Pedestrian Environmental Quality Index (PEQI) as part of a larger effort to link 

transportation infrastructure to health and sustainability. These indices consider a wide variety of facility 

characteristics and quantify how well the facility is serving pedestrians or bicycles. The PEQI has 30 variables 

such as the type of crosswalk and the traffic volume, while the BEQI has 22 variables that also include traffic 

volume and the presence of a marked bicycle facility. These scores help to prioritize capital investments. 

The indices cover both intersection and street design elements, incorporating a variety of indicators regarding 

intersection safety, traffic volume, street design, land use, perceived safety, and walkability. Both indices are 

scored on a numerical scale of 0–100, producing an aggregate score for individual intersections and street 

segments. The scores are divided equally into five color-coded categories with red signifying non-suitable 

conditions and dark green representing ideal conditions. While initially paper-based, requiring a skilled traffic 

engineer to complete the analysis form for each intersection and road segment by hand, researchers at UCLA 

have developed a mobile application that streamlines the process. The PEQI tool has since been adopted in Los 

Angeles. The tools are easy to use, and there is a clear methodology to create geocoded information and mapping 

for both the paper-based and mobile systems. Researchers identify the main drawbacks as “the use of expert 

opinion,” which may differ from those of average users, as well as a lack of indicators of network connectivity 

and the disregard for the effect of traffic signals on bicycles. 

Key metrics used include: 

• Intersection safety: cross-rides through intersections and no RTOR increase BEQI, while pedestrian 

refuge increases PEQI. 

• Vehicle traffic: additional vehicle lanes, higher speeds, and higher volumes negatively impact BEQI and 

PEQI, while traffic calming measures improve scores. 

• Street design: more driveways negatively influence scores, while quality of pavement for sidewalks 

(pedestrians) and roads (cyclists) improve scores. 

• Safety: perceived safety based on lighting, presence of litter graffiti and empty space. 

• Land uses: greater presence of retail use improve BEQI and PEQI, while seating, public art and public 

space improves PEQI. 
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4.5 Charlotte (North Carolina) MMLOS Method  

In 2007, Charlotte City Council adopted an explicit method for bicycle and pedestrian LOS at signalized 

intersections. This method is based on a pedestrian and bicycle LOS worksheet that assigns scores to six 

different intersection features. This is a point-based evaluation system which assigns a composite letter grade 

(A–F) to intersections based on the scores of each individual approach. Points are calculated based mostly on 

design features and signal timing characteristics. It emphasizes the goal of reducing bicycle and pedestrian 

conflicts with turning vehicles and weights those features that minimize the conflict most favourably. The metrics 

used for pedestrian and bicycle LOS are listed below. 

Pedestrian LOS 

• Crossing distance (presence of median can mitigate depending on its width) 

• Signal phasing and timing (conflict between pedestrians and turning vehicles) 

• Corner radius (A smaller radius results drivers to slow down and reduces the crossing distance) 

• Right turns on red (prohibition increase LOS) 

• Crosswalk treatment (e.g. presence of zebra crossings or textured pavement) 

• One-way street adjustments (one-way streets have a point penalty based on the number of vehicle-

pedestrian conflicts) 

Bicycle LOS 

• Crossing distance (3 or more lanes decreases score) 

• Right turns on red (prohibition increase LOS) 

• Type of bicycle facility and speed of adjacent traffic 

• Signal features – left turn phasing and stop bar location (intersections with bike boxes are preferred) 

• Right-turn traffic conflict (several intersection configurations to mitigate conflict are listed) 

The City of Charlotte arrived at the above set of metrics by conducting a literature review and adapting best 

practice to the Charlotte-specific context. In addition, researchers have tested this tool in other cities and have 

found it to “provide intuitive, consistent results and be easy to use”. However, a key limitation of this method is 

that it only applies to intersections and not street segments. 

4.6 Bellevue (Washington) MMLOS Guideline  

The Bellevue MMLOS methodology is based on area-specific performance standards. The city is divided into 

explicitly defined contexts (Downtown, Activity Center, Neighborhood Shopping Center, Pedestrian Destination, 

and Elsewhere), and minimal acceptable thresholds for each metric are applied to streets within each context. 

Based on this approach, each mode is evaluated at two different levels. For motorists, pedestrians, and cyclists, 

LOS is determined at the intersection and corridor levels, while for transit, it is evaluated based on both the 

amenities at bus stops and the speed across the transit network.  

Notable innovations include using the percentage of typical urban travel time as the metric for corridor-level 

vehicle LOS, the introduction of bicycle level of stress—which takes four types of cyclists into account—and 

variable performance standards for pedestrian LOS based on the surrounding urban context.  
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4.7 Fort Collins (Colorado) MMLOS Manual 

Officials in Fort Collins have implemented MMLOS metrics since the 1990s. The method evaluates performance 

based on letter grades for pedestrian, cycling, transit and auto modes. This approach blends quantitative and 

qualitative metrics and is based on an area (versus intersection or segment). Different areas within the City have 

different performance targets (e.g. school sites have a minimum target of A). A description of the metrics used 

for pedestrian and bicycle LOS are listed below. 

Bicycle LOS – Only roadways with bicycle lanes, routes or paths are considered.  The evaluation relates only to 

the connectivity of each facility with other facilities and does not specifically evaluate the quality of the design 

as it is assumed that the facilities are designed to City standards.  For a segment to achieve a LOS A, it has to 

be connected to on-street lanes in both the north-south and east-west directions.  

Pedestrian LOS – The pedestrian LOS is determined based on the following 5 inputs: 

• Directness (ratio of actual distance between Origin and destination and minimum straight-line 

distance) 

• Continuity (lack of gaps in the sidewalk/walkway system in the area) 

• Street crossings (number of lanes to cross, signage, amenities, markings, lighting) 

• Visual interest/amenity (subjective scoring of aesthetics) 

• Security (sight lines, presence of police or other pedestrians, good lighting, etc.) 

Different types of neighborhoods are assigned different targets (e.g. pedestrian districts have a target LOS A). 

This method was likely not developed for use outside of its context as it is based on the assumption that local 

design guidelines are not. It does not provide a rating for roadway design or operational features or impacts of 

different types of facilities.  

4.8 Mineta Bicycle Level of Traffic Stress 

This method is based on the Mineta Transportation Institute report, ‘Low Stress Bicycling and Network 

Connectivity’ (MTI Report 11-19). The concept of Bicycle Level of Traffic Stress (LTS) is based on the premise 

that a true cycling network consists of a “set of streets and paths that do not exceed people’s tolerance for traffic 

stress”.  

The cycling population is generally divided into the following main groups: 

• “Strong and Fearless”: This group comprises only 1% of the cycling population and consists of highly 

experienced cyclists who feel comfortable riding with traffic, even without separated facilities. Some of 

these cyclists ride year-long regardless of weather or roadway conditions.  

• “Enthused and Confident”: This group comprises 7% of the cycling population, and is generally 

comfortable sharing the road with traffic, however they are more comfortable riding on lower traffic 

streets and prefer designated cycling facilities. Members of this group may either be cycling regularly 

or on occasion. The presence of cycling facilities may encourage them to cycle more regularly.  

• The “Non-Cyclist”: This group comprises approximately 32% of cyclists. This group are not, and may 

never be, interested in cycling.  

• “Interested but Concerned”: This is by far the largest group of cyclists and constitutes 60% of the 

population. These cyclists generally ride infrequently and have a preference for pathways and 
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designated cycling facilities. The presence of cycling facilities may encourage them to cycle more 

regularly. 

Since the majority of people (typically the ‘interested but concerned’ cyclist category) are willing to tolerate only 

a small degree of traffic stress, network planners should be focused on improving facilities to make them more 

comfortable. The methodology therefore seeks to provide a road segment classification scheme which reflects 

the needs and characteristics of target user groups, rather than rely on traditional measures that assign a grade 

applicable to all users (i.e. LOS A, B, C, etc.). The approach assumes that the stress of a cycling route is 

determined by its most stressful link, not average or typical conditions. It follows that several low-stress links 

cannot compensate for a high-stress link. This means that for any given cycling route, the targeted facility for 

improvement should always be the critical (i.e. most stressful) segment.  

Components that affect the LTS score are largely based on traffic speed, traffic volume, number of travel lanes, 

the presence of parking, and whether a parking lane is provided. Traffic stress for segments is determined based 

on 3 classes of bikeways, separated bike lanes, bike lanes, and mixed traffic. Physically separated bike lanes 

are LTS 1. A bike lane’s LTS varies based on street width, bike lane width, traffic speed and bike lane blockage. 

Mixed-traffic LTS is mostly influenced by number of travel lanes and speed. 

4.9 Previous MMLOS Literature Reviews 

In addition to the above, the following previously completed literature reviews (all freely available online) were 

considered to provide valuable insight.  It is recommended that these literature reviews, among others, be 

reviewed in more detailed as part of the OTC MMLOS Guideline development.  

• Multi-Modal Level-of-Service Indicators (Victoria Transport Policy Institute, updated 2019) 

https://www.vtpi.org/tdm/tdm129.htm 

• Introduction to Multi-Modal Transportation Planning (Victoria Transport Policy Institute, 2017) 

https://www.vtpi.org/multimodal_planning.pdf 

• Exploration and Implications of Multimodal Street Performance Metrics: What’s a passing Grade? 

(University of California Transportation Centre, 2014) 

https://www.lewis.ucla.edu/wp-content/uploads/sites/2/2014/09/EXPLORATION-AND-

IMPLICATIONS-OF-MULTIMODAL-STREET-PERFORMANCE-METRICS.pdf 

• Tools for Evaluating Level and Quality of Service for all Modes: A literature Review (Hillsborough 

County, Florida, 2017) 

http://www.planhillsborough.org/wp-content/uploads/2015/07/Tools-for-Evaluating-Level-Quality-of-

Service-for-All-Modes-A-Literature-Review_Final.pdf 

 

 

 

 

 

 

 

 



Ontario Traffic Council – Transportation Planning Committee MMLOS Review 
January 2020 

11 | P a g e  
 

5. MMLOS Analysis in Canada 

Although many cities in Canada and Ontario have recently adopted Complete Street policies, very few were found 

to have adopted MMLOS performance measures. Based on an online search, the City of Ottawa MMLOS 

Guideline (2015) is believed to be the leading Canadian MMLOS guideline that is currently available.  For 

example, the Ottawa pedestrian and cycling LOS methods were found to be applied by the City of Toronto in their 

recent 2017 Transportation Master Plan, and the Ottawa MMLOS Guideline was also applied by the Halifax 

Regional Municipality as an interim method while they were in the process of developing their own guideline. 

Niagara Region also recently adopted a MMLOS Guideline that is very similar to the Ottawa Guideline. Other key 

Canadian MMLOS Guidelines identified include the York Region MMLOS Guideline (2016) and the recently 

completed Halifax Regional Municipality MMLOS Framework (2019). An overview of identified MMLOS methods 

in use by Canadian jurisdictions is provided below. 

5.1 Ottawa MMLOS Guideline (2015) 

In October 2015, City council approved the “Multi-Modal Level of Service (MMLOS) Guidelines” which provides 

guidance to practitioners in evaluating the performance and quality for all road users including pedestrians, 

cyclists, transit users, and vehicles as opposed to the traditional approach which only evaluates vehicular 

performance at intersecting roadways.  The MMLOS Guidelines also account for LOS of both road segments and 

signalized intersections, with the exception of Automobile LOS analysis where only signalized intersections are 

analyzed. It is also noted that while automobile LOS is generally aggregated for all intersection approaches, the 

LOS results for all other modes are illustrated for each approach separately and the overall segment or 

intersection score is taken from the worst approach.  In addition, the City has established LOS targets for both 

roadway segments and intersections which aim to provide targets which are consistent with both the surrounding 

context and the road function.  These targets are based on the Official Plan land use designation/ policy area 

and the road classification.  

A description of MMLOS evaluation for each mode is provided below. 

Pedestrian Impacts (PLOS) 

Based on the Charlotte MMLOS method. Pedestrian Level of Service (PLOS), as described in the MMLOS 

guidelines, is a tool for evaluating the level of pedestrian comfort, safety and convenience.  PLOS at roadway 

segments is assessed based on the pedestrian features provided and the amount of buffer and friction 

experienced with adjacent vehicle traffic. PLOS at signalized intersections is assessed using two components 

which include a points system called “Pedestrian Exposure to Traffic at Signalized Intersections” (PETSI) as well 

as a measure of pedestrian delay at each approach.  The PETSI score considers the crossing distance, conditions 

of crossing, types of conflicts, corner radii, and crosswalk markings, while the delay score is based on the average 

wait time for pedestrians to cross the roadway. 

Cycling Impacts (BLOS) 

Based on the Mineta Level of Traffic Stress Method, the MMLOS evaluation for road segment BLOS is based on 

the type of physical separation for the bikeways, number of travel lanes, bike lane width, operating speed, 

potential for bike lane blockage, in addition to other factors including curbs, raised medians, bollards and parking 

lanes. The signalized intersection BLOS analysis is based on accommodations for cyclists making right-turn and 

left-turn movements.   

Transit Impacts (TLOS) 

Transit Level of Service (TLOS) is evaluated based on the exposure of transit service to congestion delay, friction 

and potential incidents as well as the provision of transit priority measures and corresponding transit delay within 
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the study area. The roadway TLOS is mainly based on whether transit vehicles operate in mixed traffic or bus 

lanes. Without dedicated bus lanes, roadway TLOS is limited between D and F. The signalized intersection TLOS 

analysis is based on the average signal delay and the type/level of transit priority provided.  

Truck Impacts (TrkLOS) 

Truck Level of Service (TrkLOS) is evaluated along established truck routes within the City and is intended to 

complement Automobile LOS such that it considers required spacing for trucks to make turning movements and 

negotiate the roadway safely and efficiently.  Based on the MMLOS guidelines, the evaluation of road segment 

TrkLOS is based on the curb lane width and the total number of travel lanes (in both directions). The evaluation 

of signalized intersection TrkLOS is based on corner radius and number of receiving lanes on the departing leg 

of the intersection.  

Auto Impacts (AutoLOS) 

Intersection performance for motorists is based on the concept of “Level of Service” (LOS). In general, LOS ranges 

from “A” to “F” with “F” representing failure conditions. For intersections, the Highway Capacity Manual defines 

LOS in terms of delay, a surrogate measure which accounts for driver discomfort and frustration, fuel 

consumption, and increased travel time. The City of Ottawa uses a different basis for determining the intersection 

LOS, based on the volume-to-capacity (v/c) ratio of the intersection. According to this definition, a volume-to-

capacity ratio of between 0.9 and 1.0 corresponds to LOS “E”.  

The MMLOS tools are intended to be applied whenever a project or study requires the completion of level of 

service analysis. This may include transportation environmental assessments, corridor studies, neighbourhood 

traffic management studies or development projects (through the Transportation Impact Assessment process).  

The MMLOS guidelines allow for comparison of modes in order to evaluate trade-offs by assessing the critical 

parameters that determine the relative attractiveness and comfort for particular mode.  Although the LOS 

methodology enables trade-offs to be made between modes, it is still important to consider the scales of each 

mode as independent from one another. In other words, because the level of service tools measure different 

factors, they do not necessarily cover the same spectrum of conditions. A vehicle experiencing LOS “F” with high 

lane utilization will likely encounter long delays and congested conditions. However, this does not necessarily 

represent the lack of comfort, higher risk or stress that LOS “F” represents for cyclists, or lack of comfort, longer 

delays or higher risk that LOS “F” represents for pedestrians. 

Table 2 illustrates the LOS ranges for each mode of travel, while Table 3 illustrates the minimum desirable LOS 

by mode.   

A key criticism of the Ottawa MMLOS Guideline, as communicated by many local Ottawa consultants and 

developers, is the difficulty in achieving the prescribed performance targets. It is our understanding that the City 

of Ottawa did not complete a calibration exercise to confirm that the performance targets are indeed reasonable 

in the local context.  Nonetheless, the City of Ottawa Guideline is considered to be promising and is 

recommended to be considered further. 
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Table 2: LOS Ranges by Mode 

Table 3: Minimum Desirable MMLOS Targets by Official Plan Policy / Designation and Road Class 
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5.2 York Region MMLOS Guideline (2016) 

The York Region Mobility Plan Guideline for Development Applications (November 2016) includes a multi-modal 

level of service evaluation approach. York Region’s transit, pedestrian and cycling level of service indicators are 

provided in Table 4, Table 5, and Table 6, respectively.  

Although the York Region approach may be appropriate for local development applications  and is certainly a 

positive step towards multi-modal planning and design, a review of the LOS tables below indicates that it 

constitutes a somewhat simplistic point-based method that is not considered to provide the desired level of 

rigour in a potential OTC MMLOS Guideline.  

Table 4: York Region Transit LOS  
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Table 5: York Region Pedestrian LOS 

 

Table 6: York Region Cycling LOS 
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5.3 Halifax Regional Municipality MMLOS Framework (2019) 

Similar to the City of Ottawa approach, the Halifax Regional Municipality (HRM) methodology examines the LOS 

for each mode at a both the intersection and a road segment level. The performance measures are based on 

the following three categories identified as governing the LOS of all modes: Space, Environment, and Time.  The 

performance measures use in the HCM analysis method are shown in Table 7 below.  

Detailed information regarding the calculation of each of the performance measures is provided in the HRM 

MMLOS Framework document. The overall LOS for each mode is calculated based on a weighted average LOS 

of the three measures (e.g., 50% Space, 20% Environment, and 30% Delay). Overall, the calculation of 

performance measures based on the HRM method are easy to use and understand, and hold several similarities 

to performance measures used in the Ottawa MMLOS Guideline. However, the method is considered less labour 

intensive and may be considered closer to a point-based method than a computational method. 

Table 7: Halifax Regional Municipality MMLOS Performance Measures  

 

The Framework also defines target LOS values for each mode in order to direct solutions that are consistent with 

desired policy goals, as shown in Table 8.  The HRM MMLOS Framework states: “These targets help to define 

the priority for each mode in a variety of contexts, which will drive changes in the allocation of space and time in 

the transportation network.”  The following factors in creating performance targets in general and 

specific to HRM were identified:  

• Overall Policy Objectives for Shifting Mode Shares 

• Role of Different Modes in Different Locations (e.g. urban versus suburban versus rural contexts) 

• Priority Networks (identified in the HRM’s Integrated Transportation Master Plan) 
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Table 8: Halifax Regional Municipality MMLOS Performance Targets 

 

A spreadsheet analysis tool was also developed as part of the HRM MMLOS method for further ease of use. 
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5.4 Other: Calgary Complete Street Approach (2014) 

The City of Calgary Complete Streets Policy, adopted November, 2014, includes a Draft “Complete Streets 

Scoring Tool” for the assessment of new Livable Streets. The scoring tool is provided in Table 9  As with the York 

Region approach, this is a point-based method and is not considered to provide the appropriate level of rigour 

desired in a potential OTC MMLOS Guideline.  

Table 9: Calgary Complete Streets Scoring Tool  

 

5.5 In-Progress MMLOS Guidelines  

Based on a web-based search, the following Canadian jurisdictions were identified as being in the early stages 

of developing MMLOS guidelines. It is noted that this list is not exhaustive. 

• Peel Region, ON; 

• Hamilton, ON;  

• Brampton, ON; 

• Guelph, ON; and 

• Kamloops, BC. 
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6. Conclusions and Recommendations 

Overall, each alternative MMLOS methodology displays some benefits and limitations. However, no one 

methodology was identified as being applicable “off the shelf” as an Ontario-wide guideline.  A summary of key 

recommendations resulting from this literature review is provided below: 

• Consider modifying one or more existing models to provide an acceptable Ontario-wide tool.  At this 

point, the City of Ottawa MMLOS Guideline, Halifax Regional Municipality MMLOS Framework, 

Charlotte MMLOS Guideline, Bellevue MMLOS Guideline, Bicycle Level of Traffic Stress and San 

Francisco PEQI/BEQI seem to hold promise in terms of a “starting point” for a new Ontario guideline.  

This recommendation will be confirmed as part of the study scoping exercise, and 

alternative/additional methodologies may also be identified.  Alternatively, the OTC may choose to 

develop an original set of MMLOS measures, however this would entail an onerous and time-

consuming process. 

• It is recommended that the FHWA Guidebook for Developing Pedestrian and Cycling Performance 

Measures, as well as the previously completed literature reviews identified in Section 4.9, be 

consulted as part of the OTC MMLOS Guideline development process. 

• The more detailed review of MMLOS methodologies is expected to include the following key 

considerations, among others: 

o How do the various methodologies address pedestrians, cyclists, and trucks / goods 

movement? 

o What “quality” are the various methodologies trying to capture for the different modes: 

Delay?  Travel speed?  Crowding/Congestion?  Comfort?  Safety?  Ease of use / accessibility? 

o Are they applicable within different types of urban, suburban and rural areas? 

o Do they provide MMLOS results that are sensitive to changes in roadway design and conditions? 

o Do they establish reasonable thresholds that reflect local conditions? 

o Do they balance between ease of use and accuracy? 

 

• Consider providing a toolbox of performance measures, thus serving as a guide that allows 

municipalities to select their own performance measures that are most relevant to their community 

goals. 

• Performance measures should allow the assessment of new and innovative pedestrian and cycling 

treatments. 

• Develop performance targets that are customizable to local Municipality conditions, contexts, and 

goals.  

• Allow use for different types of practitioners (allow local, network and regional level of analysis). 

• Prioritize simplicity and ease of use to encourage wide-spread use. Data requirements should also be 

minimized. 

• Engage local municipalities through development of a Technical Advisory Committee. 

• Engage select Municipalities to pilot the OTC MMLOS Guideline to test its effectiveness and identify 

necessary improvements before publication. 

• Ensure MMLOS Guideline includes a section that provides guidance to Municipalities regarding the 

implementation of supportive policies.  
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In addition, the following additional guidance presented in the Victoria Transport Policy Institute’s “Potential 

Multimodal LOS Indicators” document should be considered in development of the MMLOS Guideline: 

• Use existing Multi-Modal Level-of-Service indicators and modify them to reflect the needs of a 

particular situation.  

• Avoid oversimplifying the indicators. Incorporate enough factors to accurately reflect the variety of 

problems that users may face, including comfort, convenience, security and affordability.  

• For equity analysis, evaluate the quality of service experienced by various types of users, particularly 

those who are economically, physically or socially disadvantaged. 

• Consult with users to determine the factors that they consider important when creating LOS rating 

systems. 
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Presentation Overview

• What is Multi-modal Level of Service (MMLOS)?

• Why an OTC MMLOS Guideline?

• Overview of MMLOS methods

• Recommendations for moving forward

• Input requested



What is MMLOS?

A method for assessing the “completeness” of 
streets…or how well a street serves all its 

users: pedestrians, cyclists, transit passengers, 
and auto users…



Why an OTC MMLOS Guideline?

• Support Ontario wide effort to create multimodal and complete 

streets through a shift to MMLOS performance measurement

• Develop a common ground and shared understanding for MMLOS 

performance in Ontario, such that meeting a LOS B in one city can 

be compared to a LOS B in another city

• Directly address the factors people consider when making the 

decision to walk, cycle, or use transit, and thus achieve more direct 

impacts on the use of alternate modes of travel



Ultimate Vision

• Develop a MMLOS 

guideline for use by 

Ontario municipalities  

• Support the 

implementation of 

“Complete Streets” in 

Ontario 



MMLOS Overview

• MMLOS vs traditional auto LOS

• Many cities in Ontario have 

Complete Street policies, but few 

have MMLOS performance 

measures

• Hundreds of measures and 

development still ongoing

• No consensus on best approach

• 2010 Highway Capacity Manual most 

widely accepted method, but very 

computationally intensive



Main Categories

Computational

Pros: Widely applied 

Cons: Labour intensive, data 
intensive, and weak sensitivity 

to design changes

Examples:

o HCM 2010

o Florida Quality / Level of 
Service Handbook

Point-based

Pros: Simpler to apply than 
computational methods

Cons: May be overly simplistic 
or not provide an adequate 

level of rigour

Examples:

o Charlotte MMLOS

o San Francisco (PEQI and 
BEQI)

Single metric

Pros: Easy to use. Includes all 
modes

Cons: Might be overly 
simplistic

Examples:

o Person Delay+ (Fehr and 
Peers MMLOS Toolkit)



State of the Practice

• HCM 2010

• Florida’s Quality/Level of 

Service Handbook

• San Francisco Environmental 

Quality Index

• NCHRP Report 616 –

Alternative Methodologies

• Transit Capacity and Quality       

of Service

• Bicycle Compatibility Index 

(FHWA)

• Person Delay

• Mineta Transportation Institute

• Bicycle Level of Stress Model

• Gainsville, Florida MMLOS 

• Charlotte MMLOS 

• Fort Collins MMLOS

• Bellevue, Washington MMLOS

• Danish Bicycle Level of Service

• Fehr and Peers MMLOS Toolkit

• City of Ottawa MMLOS 

Guideline

• York Region MMLOS



Applications

Planning for future streets

Retrofit existing streets

Current operations of streets

Health Impact Assessment based on pedestrian and 

cycling LOS



Examples of US Guidelines

HCM 2010

In addition to being labour and data 

intensive, several research studies 

suggest that models are largely 

insensitive to significant changes in 

cross-section attributes.

Florida Quality/ LOS
Early pioneer in multimodal level of 

service research, laid the groundwork 
for the HCM’s multimodal LOS. 

Currently implementing a major 
overhaul of procedures.

San Francisco (BEQI/PEQI)

Indices consider a wide variety of facilities -

PEQI has 30 variables, while the BEQI has 22 

variables. Easy to use mobile application.

Indices scored 0–100, producing an 

aggregate score for individual intersections 

and street segments. 

Charlotte MMLOS
Based on a pedestrian and bike LOS 
worksheet. Points are calculated based on 
design features and signal timing. 

Tested in other cities and have found it to 

“provide intuitive, consistent results and be 
easy to use”.



MMLOS Guidelines in Canada

Tools Available 

Early Stages/

In Progress

Ottawa

Calgary

Halifax

York Region

Hamilton

Kamloops

Niagara Region
Peel Region

Brampton



Canadian MMLOS Guidelines



City of Ottawa MMLOS



City of Ottawa MMLOS - Pedestrians



City of Ottawa MMLOS - Cycling



City of Ottawa MMLOS - Transit



City of Ottawa MMLOS – Thresholds



York Region MMLOS Analysis - Pedestrians



York Region MMLOS Analysis – Cyclists



York Region MMLOS Analysis – Transit



Moving Forward

• Consider modifying one or more of the available models

• Learn from other jurisdictions

• Identify methods that allow users to adapt measurement to their 

own local conditions

• Develop MMLOS targets that are achievable

• Simplicity and ease of use is key… data requirements should be 

minimized

• Engage local municipalities



Input Requested

• Is an OTC MMLOS Guideline of 

interest to your municipality?

• What factors do you consider 

important in developing a MMLOS 

analysis system?

• Do you have any concerns about 

implementing MMLOS analysis?



Thank you!

Muna Awatta, M.A.Sc., P.Eng.

Transportation Engineer, Parsons

Muna.Awatta@parsons.com


