Conventional Level of Service Analysis, Thresholds, and Policies Get a Failing Grade
Ronald Milam, AICP
Principal

Fehr & Peers

2990 Lava Ridge Court, Suite 200

Roseville, CA 95661

r.milam@fehrandpeers.com
and

Chris Mitchell, PE
Associate

Fehr & Peers

604 Mission Street, Fourth Floor

San Francisco, CA 94105

c.mitchell@fehrandpeers.com
Abstract

Many planners feel somewhat constrained by existing environmental practices that require jurisdictions to maintain a minimum level of service (LOS) for roadways. These requirements make infill, high-density, or transit-oriented development difficult to approve due to impacts that they may have to already-congested traffic circulation. The state of the practice for many jurisdictions is to require that transportation facilities, typically intersections, operate at, or better, than a designated LOS threshold, which is measured using average vehicular delay. Often, this policy results in mitigation requirements in the form of increased vehicular capacity at locations where a development may be expected to add traffic and degrade levels of service beneath these acceptable thresholds. 
While capacity expansion aimed at moving more cars and trucks through an intersection may reduce the average vehicular delay at an intersection, it may have a negative impact on other modes of transport such as pedestrians, bicycles, and transit. The goal of most local planning agencies with respect to transportation is primarily focused on the movement of people during commute hours, rather than the movement of vehicles. However, current practices treat all types of vehicles nearly equal such that delay imparted to a fully-occupied transit vehicle is weighted the same as delay to two single-occupant vehicles.  In recognition of this bias, some agencies are exploring the use of a multimodal LOS aimed at improving person-capacity of transportation facilities that places an equal weight on modal impacts.  In addition, attempts are underway to better define bicycle and pedestrian service levels and to account for land use considerations by examining the contextual appropriateness of capacity expansion. This paper will discuss the political challenges facing attempts to change current LOS policies, describe technical simulation tools to quantify delay-based impacts to modes other than private autos, and present case studies for recent multi-modal LOS planning efforts in Davis, California and San Francisco, California.
The findings of this study demonstrate that current traffic simulation tools are capable of analyzing person-delay across multiple modes at intersections.  This approach provides a complete picture of delay and how traffic control, geometric, or other intersection modifications will affect all intersection users.  This advancement makes it possible to modify the traditional vehicle-based LOS policies used by local agencies to address the desired operating conditions of intersections or other facilities from the perspective of multiple modes.
introduction
The concept of Level of Service (LOS) has been used by traffic and transportation engineers for over 50 years to describe operating conditions for automobile travel on existing or planned roadway facilities.  Because it is primarily an automobile-oriented measure, many cities are struggling to weigh the trade-offs between providing efficient automobile travel and providing a pleasant walking and bicycle environment as well as promoting successful public transportation systems.  This paper includes background on the existing definition and use of LOS and provides two case studies of locations that have used innovative methods to evaluate multi-modal projects using more customer-based LOS policies, rather than vehicle-based.

Before discussing the case studies, some background on LOS is needed.  LOS is defined in the Highway Capacity Manual (Transportation Research Board, 2000) as follows:

Level of service (LOS) is a quality measure describing operational conditions within a traffic stream, generally in terms of such service measures as speed and travel time, freedom to maneuver, traffic interruptions, and comfort and convenience.
Despite the above definition as a broad, qualitative measure of transportation conditions, LOS is, by far, most commonly determined by a quantitative measure, average delay per vehicle at intersections, usually for the weekday AM and PM peak hours.  Delay is generally defined as the difference between the actual travel time a vehicle experiences and the time it would experience if there were no other vehicles or traffic control devices on the facility.  
The Highway Capacity Manual specifies a methodology for estimation of average vehicular delay at intersections based on a combination of theoretical and empirical data.  This methodology calls for use of a Peak Hour Factor, which extracts the peak 15-minute traffic volume from the hourly volume.  This represents the 99th percentile traffic volume on a typical weekday.  Typical transportation operations analyses are conducted based on the Highway Capacity Manual methodology, and are thus, based on the 99th percentile, peak 15-minute, traffic volume on a weekday.
As defined by the Highway Capacity Manual, LOS is divided into six categories, ranging from LOS A to LOS F, just like a report card.  LOS A represents free-flow travel, LOS B through D represent increasing density but primarily stable conditions, LOS E represents conditions at or near the capacity of the facility in question, and LOS F represents over-capacity, forced flow conditions.  The unfortunate consequence of a grading system similar to school report cards is that members of the public, planners, decision-makers, and traffic engineers alike, often consciously or unconsciously, relate the two.  In other words, there is a tendency to equate LOS D at an intersection with receiving a poor grade on a report card.  While achieving a grade of A on a report card is the primary objective in school, achieving LOS A at an urban signalized intersection, for example, would likely be undesirable as public policy.  At a minimum, it would be a questionable use of public funding especially viewing LOS through a strict economist’s perspective.  Considering that roadways are public infrastructure in most communities, an economist would likely consider LOS E as desirable under design year conditions.  Achieving LOS E in the design year would indicate that the public infrastructure was operating at or near its design capacity while achieving LOS A or B (i.e., accommodating the 99th percentile traffic volume with little or no delays) would be a poor investment of scarce public funding. 
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Table 1, below, shows the LOS ranges defined by the Highway Capacity Manual for signalized intersections.  The identification of various LOS regimes was developed somewhat arbitrarily, as a way to assess driver perception of operating conditions.  However, it is important to remember that driver perception varies from person to person, and is not divided into six discrete categories, but is more like a continuum.  In other words, acceptable delays to one person may be unacceptable to another, and in terms of traffic operations, there is not a substantial quality of service difference between 19.9 seconds of delay per vehicle and 21.1 seconds of delay per vehicle, despite the fact that the two delay values represent two different LOS thresholds.
	TABLE 1

SIGNALIZED INTERSECTION LOS CRITERIA

	LOS
	Average Control Delay (seconds/vehicle)
	Description

	A
	< 10.0
	Operations with very slight delay, with no approach phase fully utilized.

	B
	10.1 – 20.0
	Operations with slight delay, with occasional full utilization of approach phase

	C
	20.1 - 35.0
	Operations with moderate delay.  Individual cycle failures begin to appear.

	D
	35.1 – 55.0
	Operations with heavier, but frequently tolerable delay.  Many vehicles stop and individual cycle failures are noticeable.

	E
	55.1 - 80.0
	Operations with high delay, and frequent cycle failures.  Long queues form upstream of intersection.

	F
	> 80.0
	Operation with very high delays and congestion.  Volumes vary widely depending on downstream queue conditions.

	Source:  Highway Capacity Manual, Transportation Research Board, 2000.


Because “acceptable” amounts of delay and congestion can vary depending on a number of factors, the determination of what is acceptable and what is unacceptable is left up to local jurisdictions.  Many rural communities with low traffic volumes desire to maintain LOS C or better operations, while many suburban areas define LOS D or better as acceptable conditions based on recommended thresholds contained in professional guidelines such as A Policy On Geometric Design of Highways and Streets, American Association of State Highway and Transportation Officials (AASHTO), 2004.  On the other hand, many urban areas are beginning to describe traffic conditions in terms of number of hours at LOS F, because achieving LOS C or D during peak periods is not feasible especially considering past and present funding levels for new roadway construction.
consequences of current practice

The current practice for use of LOS has two major consequences.  First, LOS policies influence the size and type of infrastructure investments.  For example, the use of average delay per vehicle as a determinant of LOS for intersections means that a vehicle with one occupant receives just as much influence as a vehicle with 50 occupants, such as a bus.  Therefore, an improvement that benefits 50 single-occupant vehicles would be shown to be 50 times more effective in reducing average vehicular delay than one that benefits a single bus with 50 occupants by the same amount.   Current practice based on the HCM does not provide a methodology to measure the intersection LOS for all users.  In fact, the HCM procedures for measuring transit, bicycle, and pedestrian LOS rely on performance measures that are unique to the mode.  For example, pedestrian LOS is based on pedestrian space (square feet/person).  This particular measure has no relation to the delay caused at crossing intersections by pedestrians.

Despite the embedded bias, automobile LOS is frequently used as the primary design threshold for transportation facilities.  Many jurisdictional LOS policies require that transportation facilities be designed to achieve a specific automobile LOS, under the simple constraint that other modes, such as bicycles and pedestrians, be “accommodated” with little or no consideration of the trade-offs between achieving specific automobile LOS and the quality of facility provided for other modes, beyond minimum standards.  
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The adjacent figure illustrates the consequences to pedestrian crossing distances and general infrastructure investments of maintaining automobile LOS C during weekday AM and PM peak periods.  The use of LOS as a strict design threshold frequently does not consider the incremental cost of achieving such operations and rarely considers the impacts to other modes, such as pedestrian crossing distances, for example.
The second consequence of current practice regarding LOS policies is an influence on land use form.  For example, given the choice between an infill development and a site located on the urban or suburban fringe, many developers will choose the more rural site to avoid potential LOS-related impacts and the associated mitigation costs.  This action encourages sprawl, reduces land use density, makes effective transit more difficult to provide, and reduces the attractiveness of walking and bicycling between destinations.  An ironic side effect of attempts to avoid traffic congestion and delays through LOS policies is that infill development is often discouraged and people are forced to make longer trips, spending more time in their automobiles.
transparency and communication
This paper is not meant to advocate elimination of the use of automobile LOS.  Rather, it is meant to illustrate its limitations and the consequences of the current reliance upon automobile LOS as the primary measure of evaluation for transportation facilities and to highlight the lack of transparency among trade-off effects.  Because transportation operations and impacts are typically boiled down to a simple letter grade, the consequences and trade-offs of various options are not adequately conveyed to decision-makers and the public.  
For example, the social or environmental costs of roadway improvements are not often factored into decisions.  Widening a roadway to maintain “acceptable” traffic flow may involve removing homes, trees, or open space in some cases; things on which a community may place a higher value than travel time.  However, formal mechanisms don’t generally exist in local policies or procedures to weigh these factors against each other, so the LOS threshold usually takes precedence.  While most Comprehensive Plans and General Plans include statements supporting a certain automobile LOS, they also often support potentially competing values, such as maintaining bicycle and pedestrian-friendly environments, encouraging use of transit, maintaining open space, etc.  The use of LOS should acknowledge the tradeoffs associated with other important community values when evaluating the transportation system.
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One obstacle to effectively communicating the trade-offs between LOS and other criteria is that it has traditionally been difficult to communicate LOS to decision-makers and to the public.  Most often, transportation studies provide tables with numbers representing average vehicular delay with an associated LOS letter grade for individual intersections.  When making decisions, elected officials often rely on relative differences in LOS, but have a hard time conceptualizing how bad different levels of congestion actually are.  For example, it is clear that LOS B is better than LOS D, but how bad is LOS D?
The good news is that our industry has begun to develop tools that not only analyze transportation operations from a technical side, but also produce visual output that enables both the public and decision-makers to visualize how things work.   As microsimulation becomes more and more useful as a tool to answer increasingly complex technical questions, it also becomes easier to inform the public and decision-makers.  For instance, it is much easier to explain how things will operate using video from microsimulation output than to tell someone that the average delay per vehicle is 28.3 seconds.
The new tools in our industry can effectively convey the meaning of various LOS analyses and assess the transportation system as a whole.  Better communication of LOS, in addition to recognition of the limitations and biases inherent in auto LOS as a performance measure will provide a more open and transparent discussion whereby planners, decision-makers, and the public can make better informed decisions regarding both development and infrastructure investment.

case studies

The remainder of this paper is dedicated to describing two innovative approaches to use of LOS based on the transportation system user or customer focus, rather than a vehicle focus.
San Francisco, California
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Despite its famous and picturesque bridges, there are very few freeways within the City of San Francisco.  The major north-south freeway along the US west coast, US Route 101, extends between Los Angeles, California, and Seattle, Washington.  However, in the southern portion of San Francisco, the freeway portion of Route 101 becomes Interstate 80, and turns toward the east.  Route 101 continues north through the City, along surface streets, until it reaches the Golden Gate Bridge and becomes a freeway facility again, traveling north through Marin County.  Within San Francisco, the majority of Route 101 travels along Van Ness Avenue, a six-lane major arterial street that carries approximately 50,000 vehicles per day (2005 Traffic Volumes on the California State Highway System, California Department of Transportation, 2005).  
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In addition to high traffic volumes, Van Ness Avenue serves a high volume of transit.  As part of a major long-term strategy to provide higher-capacity, enhanced transit service throughout the City, San Francisco has elected to pursue implementation of a Bus Rapid Transit (BRT) route along Van Ness Avenue, which would remove either the center or curb lane of traffic in favor of dedicated right of way for buses.  One potential alternative configuration is shown in the photo simulation to the right that was developed by the San Francisco County Transportation Authority.  
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Given the high levels of traffic on the street, removing a lane of traffic in each direction obviously has the potential to increase vehicular delays along the street.  However, by providing more efficient service to transit vehicles, which carry many more people than cars, the overall person-delay may not be as drastically affected as the vehicle-delay.  Using microsimulation, we can model multiple modes in the same network, and capture the interaction between them.  This provides the opportunity to assess impacts to different modes separately and to the transportation system as a whole.   At the time this paper was written, the Van Ness Avenue BRT project was still in the technical analysis phases, but some performance measure results were available.  Instead of focusing on vehicle LOS, the study compared person and vehicle delay as shown in the adjacent sample results table.
Although the technical analysis was not yet final at the time this paper was written, the intent of the analysis was to evaluate performance of the transportation system from the perspective of multiple customers or users, as opposed to the more traditional vehicle-delay.   As a result, while vehicle delays did increase for some alternatives, the overall person delay decreased.
Davis, California

The City of Davis, California, is a small, but rapidly growing suburban town of approximately 60,000 residents in California’s Central Valley, approximately 20 miles west of Sacramento Sacramento (US Census, 2000).  Davis is also home to one of ten campuses of the University of California (UC Davis), enrolling approximately 30,000 students (www.ucdavis.edu).  Because of its relatively high student population, its favorable weather, and relatively flat topography, there is a great deal of bicycle and pedestrian activity throughout the town.
A transportation impact analysis conducted by the author’s consulting firm for a new campus building recommended improvements at one nearby intersection.  However, because of the high pedestrian and bicycle use of this intersection, UC Davis planners wanted intersection improvements that would improve pedestrian and bicycle accessibility while minimizing conflicts with vehicles.  To that end, the impact analysis identified five alternatives for analysis with the intent of selecting a preferred set of improvements that would meet all the project’s objectives.  
The five alternatives analyzed are listed below.
· Alternative 1:  Provide all pedestrian/bicycle signal phase

· Alternative 2:  Provide exclusive phase only for southbound (SB) and westbound (WB) cyclists who travel on a Class I bicycle bath.  Cyclists traveling on other approaches would travel with vehicles using the regular vehicle signal phase.

· Alternative 3:  Traditional design (no exclusive bicycle and pedestrian phases)

· Alternative 4:  Provide five-second “head-start” phase for SB and WB cyclists traveling on Class I bicycle path.
· Alternative 5:  Provide grade-separated bicycle crossing connecting SB and WB Class I bicycle paths

Because microsimulation software, such as VISSIM, now gives us the ability to model multiple modes simultaneously, we can evaluate measures of effectiveness for different modes across multiple alternatives.  Using VISSIM, the average delay was calculated for each mode and averaged for each alternative based on existing traffic, bicycle, and pedestrian counts.  
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The operational analysis indicated that providing the grade separated crossing would result in the lowest average delay for all modes of travel, while maintaining a traditional design would provide the second-lowest amount of delay.  Providing an exclusive bicycle phase for the bicycle paths only would result in the highest overall delay, averaged for all modes.
This information, along with other factors, such as cost and right of way availability, were used by UC Davis to select a preferred alternative with a full understanding of the trade-offs for each mode associated with each alternative.  In addition, the visual animation produced by the simulation software was extremely helpful in illustrating the alternatives and the operations of various modes to decision-makers and members of the public.
The additional delay information and visual simulations did not come without additional time, effort, and cost compared to conventional analysis as documented in the following list.

· Traffic count costs were approximately 50 percent higher because bicycles and pedestrians had to be counted.  

· Ridership data had to be collected from the transit operator (not a normal input for an intersection analysis).

· Simulation model set up and operation took approximately 100 percent more person hours compared to conventional analysis using programs such as the Highway Capacity Software (HCS) or similar program.
This increase in cost was offset by analysis results that provided a higher level of confidence in the potential outcomes and a more complete picture of modal effects.

Conclusion

The strict use of automobile LOS as a design threshold and a transportation impact criterion contains a number of hidden biases that passively encourage urban sprawl, increase dependence on the automobile, and create physical environments that are not conducive to walking and bicycling.  Many cities that have adopted policies in support of a successful transit system and a pleasant walking and bicycling environment find it difficult to implement projects  consistent with these policies because of their impacts to auto LOS.  As a result, many are considering alternative impact thresholds and analysis techniques that better capture the trade-offs to different users.  
The case studies above are examples of attempts to better capture the effects to all users of the system of various transportation improvement projects.  By developing a framework by which transportation, economic, and environmental trade-offs can be better understood and compared, decision-makers and the public are able to make more informed decisions about the future of their communities.  
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Source:  Van Ness BRT Feasibility Study, Public Workshop, October 19, 2006, San Francisco County Transportation Authority.





Illustration of Alternative 5 (bicycle/pedestrian bridge) and analysis results including


average delay by mode for entire intersection
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