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ABSTRACT

This paper reviews and compares existing methodologies for determining quality of operations for pedestrian facilities based on the Level of Service (LOS) concept. Several methods are reviewed then two case studies are performed. Finally, both the LOS procedures and the settings are compared to determine what differences result.

The comparison provides useful information on the consistency of outcomes from the various methodologies, and identifies needs for modifications and improvements. This is particularly useful in determining possible improvements to the existing HCM 2000 methodology in the upcoming version of the Highway Capacity Manual.

1. INTRODUCTION

In the recent years, an interest has been developed on the potential of non-motorized transportation to meet the challenges of congestion, air quality, infrastructure concurrency, and quality of life (Sisiopiku et al. 2004). A 2003 national survey, commissioned by the Surface Transportation Policy Project, shows that many Americans are in favor of walking as a transportation mode of choice. The poll found that 55 percent of the adults would rather walk than drive, if given the choice (Belden et. al. 2006). As a result, many communities started promoting walkability concepts through education and infrastructure improvements. The latter created the necessity of measuring the performance of pedestrian facilities that serve pedestrian traffic in order to determine quality of operations, existing deficiencies, needs for improvements, and priority setting (Dixon 1996). 

One of the most common approaches used to assess transportation facilities is the concept of level of service (LOS). The Highway Capacity Manual 2000 (HCM 2000) also adopts this approach where the pedestrian LOS is determined based on the flow-speed-density relationship, similar to that for vehicles (Henson 2000). The threshold to determine the six levels of service criteria is based on the space available to each pedestrian and speed. 

However, a fundamental question remains as to whether the HCM 2000 really addresses adequately pedestrian quality of service based on the user’s perspective. Recent research indicates that the most important determining factors for pedestrian and bicycle quality of service are lateral separation of the mode from motorized vehicles, and motorized vehicle volume, speed, and type (Pushkarev and Zupan 1975). In addition, pedestrians rarely make route choice decisions based on pedestrian flows and densities. Rather, pedestrian route choice is based on various other factors, including perceived safety, attractiveness, and distance. Indeed, pedestrians may well seek system attributes that are the opposite of those sought by motorists. For instance, relatively crowded pedestrian spaces may be a desirable attribute for the pedestrian, as it may increase his/her sense of security (Rapoport 1987). 

Many researchers argue that an effective pedestrian LOS method should consider both the operating conditions of a system and how the user perceives these conditions (Garber and Hoel 1999). In order to get a better understanding of the factors affecting quality of operations of pedestrian facilities and how they may be incorporated in a LOS methodology, this paper reviews and contrasts several proposed LOS methods. In each, a LOS of A represents the best quality of operations a facility can achieve, with LOS F the worst. Each method involves different factors and criteria and when multiple measures of effectiveness are used in a method the complexity of gathering and processing the data increases as well (Roess et al. 2004). 

1.1 Study Objective

The objective of this study is to review and compare existing methodologies for establishing quality of operations for pedestrian facilities in urban settings, with emphasis placed on sidewalk facilities. The comparison provides useful information on the consistency of outcomes from the various methodologies and identifies needs for modifications. The findings from the study can provide guidance on ways to improve the existing pedestrian Level of Service (LOS) approach in the 2000 Highway Capacity Manual in preparation for the upcoming version of the Manual. 
2. LITERATURE REVIEW

2.1 Highway Capacity Manual 2000
The only formalized and most widely accepted method of quantifying pedestrian LOS is the HCM 2000 method. The HCM 2000 defines LOS as “a qualitative measure describing operational conditions within a traffic stream, based on service measures such as speed and travel time, freedom to maneuver, traffic interruptions, comfort, and convenience” (Transportation Research Board 2000). This definition does not refer to what mode of travel is being described, but rather defines the term ambiguously. 
The HCM 2000 methodology for pedestrian LOS includes criteria for evaluating uninterrupted facilities, shared pedestrian-bicycle facilities, stairs, crossing pedestrian streams, signalized pedestrian facilities, and queuing areas for crossing traffic streams. The scope of this research was limited to sidewalks and walkways. For these facility types, the HCM 2000 methodology determines LOS based on the service measure of space and the supplementary criteria of unit flow rate, speed, and volume/capacity (v/c) ratio as summarized in Table 1. This approach is similar to the factors considered for vehicular LOS estimation.
2.2 Australian Method
The Australian method bases LOS calculation on factors that fall into three categories: physical characteristics, location, and user factors. Among the physical characteristics considered is the path width, the quality of the surface of the sidewalk, the number of obstructions to consider obstacles that reduce the effective sidewalk width, crossing opportunities, and support facilities such as signage, lane markings, and rest areas. 

The location factors address connectivity, path environment (a measure of the degree of pleasantness of the surrounding environment); and potential for vehicle conflict, whereas user factors include pedestrian volume, mix of path users such as bicycles, elderly, etc., and personal security which includes lighting, path visibility, and other measures of the surrounding area. 

After these factors have been evaluated, each factor is scored using the criteria given in Table 2. These factors are each weighed based on relative importance and a LOS scale is developed to describe the LOS of pedestrian routes. 


Once the segment has been evaluated, each factor is scored (from 0 to 4 points) using pre-established criteria (Table 2) and multiplied by their respective weights then added to give the LOS score. Pedestrian conditions are described through a LOS grade from LOS A (ideal pedestrian condition) to LOS E (unsuitable pedestrian conditions), based on an assessment of the factors affecting LOS. The scores are shown in Table 2 (Gallin 2001).
2.3 Trip Quality Method
This method combines urban design architectural principles with practical safety and capacity considerations to generate nine evaluation measures for analyzing pedestrian sidewalks for their pleasantness, safety, and functionality (Jaskiewicz 2000). The method consists of measures that are independent of pedestrian and vehicle flows. Instead, it evaluates, qualitatively, the following nine measures: enclosure/definition, building articulation, complexity of spaces, overhangs/awnings/varied rooflines, shade trees, buffer, transparency, complexity of path network, and physical components/condition. 

Enclosure indicates how well the building and surrounding environment encloses the walking path. Building articulation is a measure of how well the buildings flow in relation to one another. Both of these measures work along with the complexity of spaces as well as transparency and complexity of path network. Transparency refers to the ability of a pedestrian to move from public to private spaces such as from the walking path to a patio or building lobby. 

This method rewards areas that have “low read speeds.” An area with a low read speed is one that can not be fully evaluated via motorized vehicle. Characteristics of such areas include a complex path network and a complexity of spaces which allow more opportunities for pedestrians to explore rather than motorists.
Each measure is assessed and given a score ranging from 1 to 5, with 1 being very poor and 5 being excellent. This method gives poor ratings to facilities that are not conducive to pedestrians. The literature did not provide much information about assigning values for each factor, an issue that greatly depends upon the observers’ opinions. 

Taking these factors and the proposed rating system under consideration, the Trip Quality method can be used to calculate an average score for the facility under consideration and relate this score to a LOS based on the criteria summarized in Table 1. One advantage to this method is the ability to use the system to describe each measure separately rather than just determining LOS. This, in turn, can be used to recommend specific actions to improve a corridor’s pedestrian attractiveness (Jaskiewicz 2000).

2.4 Landis Method

The Landis method concentrates on factors that significantly influence the safety and comfort of the pedestrian users. This method is a good attempt to quantify objectively a pedestrians’ perception of safety and comfort in the roadside environment. This quantification provides a measure of how well roadways accommodate pedestrian travel (Landis 2000). Also known as, the Florida Department of Transportation (FDOT)’s Pedestrian LOS Model, this method is based on a statistical evaluation of perceptions of the effects of motorized traffic on the safety and comfort of pedestrians (Steiner 2002). This model is developed through a stepwise multivariable regression analysis of 1,250 observations from an event that put 75 people on a roadway-walking course in Pensacola, Florida. 
The Landis Method considers sidewalk capacity and the quality of the walking experience as measures of quality of pedestrian facilities operation. It does this by quantifying the perception of safety and comfort that a pedestrian experiences. These factors contribute to a complex assessment of a roadway segment as expressed in the proposed model shown below.

Ped LOS = -1.2021 ln (Wol + Wl + fp * %OSP + fb * Wb + fsw * Ws) + 0.253 ln (Vol15/L) 
+0.0005 SPD2 + 5.3876

where: Wol = Outside lane width (feet)

Wl = Shoulder or bike lane width (feet)

fp = On-street parking coefficient = 0.20

%OSP = Percent of segment with on-street parking

fb = Buffer area barrier coefficient = 5.37 for trees spaced 20 feet on center

Wb = Buffer width between edge of pavement and sidewalk (feet)

fsw = Sidewalk presence coefficient = 6 – 0.3 Ws
Ws = Sidewalk width (feet)

Vol15 = Average 15 min motor vehicle traffic

L = Total number of through lanes for street

SPD = Average running speed of motor vehicles (miles per hour).
The term Wol + Wl + fp * %OSP + fb * Wb + fsw * Ws is an expression of the lateral separation. This term refers to barriers, buffers, and the presence of sidewalks and determines the ability of a pedestrian to have a safe, separate place to walk comfortably along the roadway. The term including the Vol15/L portion, is the motor vehicle factor. In this configuration, a 50/50 directional split is assumed. In cases where the split is different, (Vol15/Ld) * D should be used, where D is the directional factor and Ld is the total number of directional lanes for the street.

The resulting model score is then compared to a chart to determine LOS as shown in Table 1. The formula was calibrated and validated extensively in field studies of 24 road segments. Traffic along the segments ranged from an average daily traffic (ADT) of 200 to 18,500 ADT, with speeds ranging from 25 to 125 kph (15 to 75 mph). The method considers sidewalk capacity and the quality of the walking experience as measures of quality of pedestrian facilities operation and is used from FDOT as a planning application using default values and simplifying assumptions. Overall, this method is one of the most extensively studied and written-about methods for assessing pedestrian LOS (Landis 2000). 

Also recently, the Landis Method has been expanded to include intersections, instead of sidewalk segments only. That research itself has been modified to give an overall rating to the facility rather than just portions of it.  
Table 3 summarizes the main considerations of each method with respect to key common features.
3. METHODOLOGY

3.1 Study Approach

For this research, a field study was performed in Birmingham, Alabama to obtain appropriate data for estimating LOS for each of the methods reviewed. The field study considered four different locations. The first two locations represented an urban campus setting at the University of Alabama at Birmingham (UAB), and the other two were from a typical downtown setting Birmingham, Alabama. A total of 26 sidewalks were considered, leading to signalized intersections. At each location, detailed geometric and traffic control data were collected first. Then, each site was recorded with a digital video camera to allow for precise counts of motorized or non-motorized movements.  

More specifically, detailed geometric and traffic control data were collected from on-site visits. The sidewalk width, distance between recognizable features (such as pavement joints), width of street furniture and their distance from curbs, and related sidewalk features were measured. Moreover, traffic control information for the signalized site was recorded. Table 4 summarizes the geometric information of all study sidewalks.
3.2 Description of Study Area

The study sites for this research were selected based on locations with heavy pedestrian traffic. The first two study sites (Sidewalks 1 through 13) are located in Birmingham, Alabama, inside the loosely defined campus of the University of Alabama at Birmingham (UAB). The study area is near a pedestrian-oriented common area near dormitories, offices, and classroom buildings, as well as the hub of the university and the recreation center. In addition, UAB houses a major hospital complex that generates pedestrian traffic of a varied mix of ages and fitness levels. 

The third and fourth study sites (Sidewalks 21 to 33) were chosen to represent urban sidewalks of a medium-sized city. The selected sites represent a good mix of pedestrian and vehicular traffic and are located in close proximity of land uses that generate pedestrian traffic. Two local banks and one national bank are in close proximity to the sites as is the Institute of Commerce and the Birmingham Board of Education building. Other major buildings in and around these two study sites are Linn-Henley Research Library and Jefferson County Court House which generate a lot of pedestrian traffic through out the day. Moreover, the historic Lynn Park is located to the north of the second site that is also close to the Greyhound bus station and Bellsouth buildings. These land uses constantly generate vehicular as well as pedestrian traffic, the latter being especially high during the lunch hour. 

3.3 Data Collection and Processing

In order to determine more accurately pedestrian and vehicle counts, each of the study sites was videotaped. Special care was exercised in properly locating the camera in order to capture all pedestrian and vehicle activity at the subject site. The data for the first and second study sites were collected on January 5th and March 2nd 2005, respectively. During each data collection day each site was recorded twice to capture both the morning vehicle peak (from 7:45 a.m. to 8:30 a.m.) and the lunch-hour pedestrian peak period (from 11:45 p.m. to 12:15 p.m.), for at least 15 min each time. For the third and fourth study sites, the data were collected on May 10th and June 25th 2006 respectively during the lunch peak (11:45 am to 12:15 pm) and evening peak periods (4:15 pm to 4:45 pm) for at least fifteen minutes at each session. The traffic and pedestrian counts were aggregated over five minute periods to allow for a better analysis of trends in traffic movements. 

The recordings were reviewed with a software program that included the ability to slow down or speed up the recording, as well as included a digital timer that kept track of time rather than just tape position. First, each data collection session was viewed to count motor vehicle traffic, and then pedestrian movements were tracked. Finally, the speeds of both the motor vehicles and the pedestrians were determined using the built-in timer as pre measured landmarks were passed. Bicycles were also counted and direction of travel indicated. It should be noted that during the recordings of the study sites, bicycle traffic was very low and did not cause conflicts with pedestrians.

4. DATA ANALYSIS AND RESULTS

4.1 HCM 2000 Method
The HCM 2000 methodology was used to evaluate the quality of operations at all study sidewalks. The flow rate and v/c ratios were computed, and the latter were compared to the threshold value. Based on this analysis, all study sidewalks operate at a LOS A. 

4.2 Australian Method

The measurements needed for an evaluation of pedestrian facilities under the Australian method focus on geometrics and traffic conditions. With the exceptions of Sidewalks 10 (5 ft or 1.52 m) and 11 (6 ft or 1.83 m), all other study sidewalks are 7 ft (2.13 m) or wider, earning them a rating of 4 points. Sidewalks 10 and 11 earned 2 and 3 points respectively (Gallin 2001). 

All study sidewalks are in good condition for the most part. Sidewalk 8 joins Sidewalks 7 and 9 in an area that is very well maintained. This area earned a rating of Excellent (4 points), while the remaining sidewalks received a rating of Acceptable (3 points).

Each sidewalk in the study area has handicap ramps and is free of obstructions to people with disabilities, earning 4 points. All study crossings are “adequate,” but none is “dedicated,” and thus a 3-point rating is assigned for each crossing. Support facilities are present at each location. The area where Sidewalks 7, 8, and 9 converge contains color contrast, as do Sidewalks 1, 4, 5, and 6. These seven sidewalks earned 4 points, while the rest earned 3 points. On-site observations clearly show that all paths provide useful, direct links from departure points and destinations, so each sidewalk earns 4 points for connectivity.

Sidewalks 3, 7, 9, 10, and 13 have no grass buffer between the sidewalk and road; however, they do all have on-street parking. This adds to the overall buffer from the road. Based on the grading scale proposed in this method with respect to buffer, Sidewalks 4, 6, 11, and 12 earned 4 points, Sidewalks 1, 2, 3, and 5 received 3 points; and Sidewalks 7, 9, 10, and 13 earned 2 points. Sidewalk 8 is not along any road, meaning that its buffer may also be awarded 4 points. Both intersections had conflict points either at the crosswalk or cross streets. The approximate length of each section was around 330 ft (0.1 km). The potential for vehicle conflict is measured in conflicts per kilometer, with a reasonable number being between 1 and 10. This earned each sidewalk 3 points.

With respect to physical characteristics, all sidewalks of the Site 3 exhibited very good surface quality with continuous surface and very few bumps, earning 4 points. The sidewalks on Site 4 earned 3 points each as the surface quality of the pavement was reasonable.


There were no major obstructions on any of the study sidewalks. However, site visits indicated the presence of some permanent obstructions like utility poles and signs and chairs and vehicle parking along the sidewalks. Considering these factors, 4 points were awarded to the majority of the study sidewalks. On the sidewalk 24 there is a bus stop that occupies much of the sidewalk space, hence, 3 points were assigned to it. As far as crossing opportunities are concerned, three points were awarded to all the study sidewalks as adequate crossing facilities are provided that are reasonably well located and sufficient support facilities are provided.

Several location-related factors were also considered. With respect to connectivity, excellent conditions were prevailing in the third site, earning 4 points for sidewalks 21 through 26. In addition, the path environment was characterized as acceptable because the distance from the back of curb to the sidewalk was in the range of 4ft-7ft (1.2m- 2.1m). 

Personal security is good throughout the study area. The on-site visit confirmed that there is pedestrian level lighting for most of the area, and emergency call spots or security personnel are available near each intersection studied. These features earned each sidewalk 3 points for personal security. 

Among other factors evaluated in this method is the mix of path users, which was found to be consistent throughout the study area. While there were a few bicyclists, they were less than 20% of the total volume. Each sidewalk and time period where bicyclists were observed earned 3 points, whereas sidewalks without any bicycles earned 4 points. 

For this method, estimation of daily pedestrian volume was also needed. To estimate daily pedestrian volumes, the collected time period volumes were averaged and then converted to hourly pedestrian volumes and daily pedestrian volumes. The data show that there is little difference between recording days or times. This indicates that the volume of pedestrian traffic does not greatly affect the LOS rating, and that the surrounding conditions changed little from the first data collection day to the second. Results from the analysis are summarized in Table 5. 
Based on the results from the analysis all study sidewalks are found to operate at a LOS of B, except Sidewalk 4. Sidewalk 4 was found to operate at a LOS of A.
4.3 Trip Quality Method
In the trip quality method, only the vehicle speed portion of the physical components/condition category depends on traffic, whether vehicular or pedestrian. The speed measure refers to the design speed of the road, rather than the posted speed limit or the actual travel speed of vehicles along the corridor. The other measures involved in this assessment method remain the same for the times studied. These values are not very well defined and can tend to be based on the observer’s opinions. According to the methodology, scores were assigned to the various variables considered and a LOS rating was given as shown in Table 5. 
Under the Trip Quality Method principles, sidewalks in study site 3 received excellent ratings with respect to enclosure, complexity of path network, complexity of spaces, overhangs, buffer, trees, transparency and finally physical components. As show in Table 5, these led to LOS A for all sidewalks leading to Intersection 3. Sidewalks at all other study sites received excellent to moderate ratings in all categories resulting in LOS designation at the A to C range. 

4.4 Landis Method

When applying the Landis method, two factors related to motor-vehicle traffic need to be determined: the 15-min average traffic volume and the average running speed of the motor vehicles. The traffic volumes for each study site and data collection period were determined from the data reduction. The average running speed was determined only for through movements at the mainline.

For study site 1, Sidewalk 8 has no adjacent traffic lanes, as it occupies the former right-of-way of 15th Street in a pedestrian-oriented area. By setting the number of adjacent traffic lanes as 0, a division by 0 would be required in the formula, leading to an error. Though this instance is not defined in the method, considering the special conditions of this sidewalk, a LOS A rating was assigned. Table 5 presents the results from the analysis from the Landis model. Overall, the Landis method shows that all study sidewalks operate under excellent to very well conditions with LOS in the A to B range.
4.5 Comparison of Methodologies
The review of LOS-based pedestrian sidewalk assessment methodologies revealed that each methodology evaluates a pedestrian facility based on different factors. Some of these factors are similar among methodologies considered, while others are not. Table 3 summarizes the main considerations of each method with respect to few common features.

As far as evaluation of pedestrian sidewalks is concerned, the results show that all study sidewalks operate under acceptable conditions. However, the selection of the assessment method appears to have a major impact on the LOS value obtained. For example, as shown in Table 5, Sidewalk 9 operates under LOS A based on the HCM 2000 method, LOS B according to the Australian or the Landis method, and LOS C under the trip quality method. Sidewalk 29 operates under LOS A based on the HCM 2000 and the Landis methods, LOS B according to the Australian method, and LOS C under the Trip Quality method. While differences are expected due to different factors considered, still, the great variation of the results suggests that no single method can be fully trusted to provide a good estimate of LOS for assessment of pedestrian sidewalks 
The best ratings were provided by the methods that are based on traffic flow considerations (e.g., the HCM 2000 method). On the other hand, the more conservative ratings were provided by methods that did not pay much or any attention to the flow of traffic, either motorized or non-motorized (e.g., the trip quality method). These conservative ratings are to be expected, as the LOS is based on the environment rather then the traffic patterns. 
Among the methods studied, the HCM 2000 and the Landis methods consistently provide the highest LOS ratings, whereas the Trip Quality method results in more conservative LOS ratings. These findings are consistent between both study settings and all four study sites. This observation is very valuable as it confirms the need to reassess the procedures for evaluation of LOS in the HCM2000 for sidewalks located on both urban and campus-like environments.

5. CONCLUSIONS AND RECOMMENDATIONS

The comparison of the various pedestrian sidewalk assessment methods performed in this study shows that the same sidewalk segment may receive multiple LOS ratings when different assessment methods are considered. This fact applies to sidewalks located on both urban and campus-like environments and limits the confidence of using any of the existing methods for pedestrian LOS estimation. 

In comparing current LOS methodologies for sidewalk assessment, one important difference is the reliance on traffic flow, both motorized and non-motorized. The HCM 2000 method considers only non-motorized traffic and disregards the impact of motorized traffic on pedestrian facility operations. The Landis method includes some motorized traffic traits and the Australian method some non-motorized traits. The trip quality method disregards all traffic. The Australian, trip quality, and Landis methods attempt to measure the LOS based on whether pedestrians want to travel along a particular path or corridor. This is an improvement over the HCM 2000 method because an unoccupied sidewalk is not necessarily an indication of a good LOS. 

The results from the Australian and Landis methods show that the inclusion of traffic factors, both motorized and non-motorized, did not affect the ratings as compared to the other levels of traffic factors. The methods appear not to be as sensitive to traffic-related factors as was originally thought for the case study locations. Both methods give results that are similar to one another. Calibration is recommended to account for local conditions.

The analysis performed in this study indicates that the trip quality method provides the lowest overall LOS for sidewalks, compared to all other methods assessed. This method disregards all traffic in its evaluation, and, thus, an increase in traffic would not affect the ratings at all. Because of this, the ratings need to be conservative enough so that increases in traffic do not change the conditions that attract pedestrians. 

The analysis also clearly shows that the HCM 2000 methodology often overestimates LOS in comparison to other methods as it disregards factors related to user preferences and perceptions and the quality of the walking environment. Based on this research, the HCM 2000 does not consider in detail the operational conditions to assess the quality of traffic flow for pedestrians like some other assessment methods do. Thus, it is recommended that the HCM 2000 procedures be modified to incorporate both qualitative and quantitative measures and address remaining issues such as the characteristics and needs of various pedestrian user groups, and calibration issues.
The methodology used for the HCM 2000 procedure mimics those used for vehicular LOS. However, pedestrians do not choose routes as motorized vehicles do. To address such issues, additional methods of evaluating pedestrian facilities are currently being created and tested. For example, a 2005 FDOT sponsored study developed a Level of Service (LOS) model that represents pedestrians’ perceptions of crossings at signalized intersections. This model incorporates perceived safety/comfort (i.e., perceived exposure and conflicts) and operations (i.e., delay, and signalization) (Petritsch et al. 2005). Also recently, the Landis Method has been expanded to include intersections instead of only sidewalk segments. That research itself has been modified to give an overall rating to the facility rather than just portions. This and other work will in turn be the focus of future research all with the purpose of improving, and standardizing the assessment of pedestrian facilities. 

The findings of this research imply that a comprehensive evaluation of pedestrian facilities may not be accomplished using only one of the existing methods. Therefore, it is recommended that a combined model be developed to address the main quantitative and qualitative factors that affect the quality of pedestrian operations for pedestrian facilities, including sidewalks and crosswalks. Such a method could include the aspects of path, security, amenities, and flow of both motorized and non-motorized traffic. Moreover, improved methodologies are expected to address issues currently disregarded in existing models such as the effect of platooning pedestrians on pedestrian facility operations and the impact of characteristics and needs of various pedestrian user groups on LOS estimation.

REFERENCES

bELDEN, RUSENOLLO, &STEWART. “Americans’ Attitudes toward Walking and Creating Better Walking Communities.” Surface Transportation Policy Project, April 2006. Available online at http://www.transact.org/report.asp?id=205. Accessed June 2006.
Dixon, L.B. (1996) Bicycle and Pedestrian Level-of-Service Performance Measures and Standards for Congestion Management Systems. Transportation Research Record, Journal of the Transportation Research Board, No.1538, TRB, National Research Council, Washington, D.C., pp. 1-9.
Gallin, N. (2001) Quantifying Pedestrian Friendliness-Guidelines for Assessing Pedestrian Level of Service. Australia: Walking the 21st Century, Perth, Western Australia. 

Garber, N.J., L.A. HOEL (1999) Traffic and Highway Engineering. 2nd ed. PWS Publishing, New York, N.Y.

Henson, C. (2000) Levels of Service for Pedestrians. ITE Journal: Special Issue on Pedestrians and Bicycles, Vol. 70, No. 9, pp. 26-30.

Jaskiewicz, F. (2000) Pedestrian Level of Service Based on Trip Quality, Transportation Research Circular, TRB, National Research Council, Washington, D.C. 
Landis, B.W., V.R. Vattijuti, R. M. Ottenberg, D. S. McLeod, M. Guttenplan (2000) Modeling the Roadside Walking Environment: A Pedestrian Level of Service. TRB Paper No. 01-0511, TRB, National Research Council, Washington, D.C.
Petritsch, T.A, LANDIS, B.W., McLEOD, P.S., HUANG, H.F., CHALLA, S., M. GUTTENPLAN (2005) Pedestrian Level-of-Service Model for Signalized Intersections, TRB Paper No. 05-0834, TRB, National Research Council, Washington, D.C.
Pushkarev, B., J. Zupan (1975). Urban Space for Pedestrians. MIT Press, Cambridge, MA.

Rapoport, A. (1987) Pedestrian Street Use: Culture and Perception. Public Streets for Public Use. Van Nostrand Reinhold, A. Moudon (Ed.), New York, NY.

Roess, R.P., E.S. Prassas, W.R. McShane (2004) Traffic Engineering. 3rd ed. Pearson Prentice Hall. Upper Saddle River, N.J.

SISIOPIKU, V.P., and BYRD, J.E. “Comparison of Level of Service Methodologies for Pedestrian Sidewalks”, Proceedings of the 85th Transportation Research Board Annual Meeting, Washington, D.C., January 2006.
Sisiopiku, V.P., X. Zhang, M.R. VirkleR (2002). Pedestrian Level of Service and Quality of Operations Assessment Methods. Proceedings of the 81st Transportation Research Board Annual Meeting, Washington, D.C.
Steiner, R. L., B. W. Landis, V. R. Vattikuti, D. W. Miller (2002) Refinement of the Roadway Segment Level of Service. Florida Department of Transportation Office of Systems Planning, Gainesville, FL.

Transportation Research Board (2000). Highway Capacity Manual 2000 TRB, National Research Council, Washington, D.C.

TABLE 1: Summary of Sidewalk Level of Service (LOS) Criteria for Various Methods
	LOS METHOD
	A
	B
	C
	D
	E
	F

	HCM 2000
	Space (sq-ft/ped)
	> 60
	> 40-60
	> 24-40
	> 15-24
	> 8-15
	< 8

	
	Flow Rate (ped/min/ft)
	< 5
	> 5-7
	> 7-10
	> 10-15
	> 15-23
	variable

	
	Speed (ft/s)
	> 4.25
	> 4.17-4.25
	> 4.00-4.17
	> 3.75-4.00
	> 2.50-3.75
	< 2.50

	
	v/c Ratio
	< 0.21
	> 0.21-0.31
	> 0.31-0.44
	> 0.44-0.65
	> 0.65-1.0
	variable

	Australian
	>132
	101-131
	69-100
	37-68
	<36
	

	Trip Quality Method
	4-5
	3.4-3.9
	2.8-3.3
	2.2-2.7
	1.6-2.1
	1.0-1.5

	Landis Method
	≤1.5
	>1.5 but ≤2.5
	>2.5 but ≤3.5
	>3.5 but ≤4.5
	>4.5 but ≤5.5
	>5.5


TABLE 2: Factors Considered and Points Assigned under the Australian Method

	
	Weight
	0 Points
	1 Point
	2 Points
	3 Points
	4 Points

	Path Width
	4
	No path
	0-1m
	1.1-1.5m
	1.6-2.0m
	over 2.1m

	Surface Quality
	5
	Unsealed, bumps
	Poor Quality
	Moderate Quality
	Acceptable Quality
	Excellent Quality

	Obstructions

(Per Km)
	3
	Over 21
	11 to 20
	5 to 10
	1 to 4
	None

	Crossing Opportunities
	4
	None, difficult
	Poorly located
	Some, but not enough
	Adequate
	Dedicated crossings

	Support Facilities
	2
	Non-existent
	Few and far between
	Few and well located
	Adequate
	Many well located

	Connectivity
	4
	Non-existent
	Poor
	Reasonable
	Good
	Excellent

	Path Environment
	2
	Unpleasant, close to vehicles
	Poor, less than 1m of road
	Acceptable within 1 or 2 m of road
	Reasonable within 2 or 3m of road
	Pleasant, over 3m from road

	Potential for Conflict
	3
	Severe, Over 25 per km
	Poor,16 to 25 per Km
	Moderate,10 to 15 per Km
	Reasonable 1 to 10 per Km
	No vehicle conflicts

	Pedestrian Volume
	3
	Over 350 per day
	226 to 250 per day
	151 to 225 per day
	81 to 150 per day
	Less than 80 per day

	Mix of Users
	4
	Majority of non-pedestrians
	51 to 70% of non-pedestrians
	21-50% of non-pedestrians
	Under 20% non-pedestrians
	Pedestrians only

	Personal Security
	4
	Unsafe
	Poor
	Reasonable
	Good
	Excellent


TABLE 3: Comparison of Factors Included in Pedestrian Sidewalk Assessment Methods

	Issue
	HCM 2000
	Australian
	Trip Quality
	Landis
	Conjoint

	Geometry
	Pedestrian space; v/c ratio
	Path Width
	Pedestrian path components
	Motor path width;

On-street parking
	Width and separation

	Flow
	Pedestrian flow; Speed
	Pedestrian volume;
Mix of users
	Not considered
	Vehicle flow; Speed
	Flow rate

	Path
	Not considered
	Obstructions; Connectivity;

Environment
	Route; Buffer; Trees/Overhangs
	Sidewalk and buffer widths
	Obstructions

	Vehicle Conflicts
	Not considered
	Potential for conflicts; Crossing opportunities
	Not considered
	Not considered
	Bicycle events

	Security
	Not considered
	State of security
	Buffer; Transition to other spaces
	Not considered
	Not considered

	Support facilities
	Not considered
	Exist or not
	Not considered
	Not considered
	Not considered

	Quality of path
	Not considered
	Surface quality
	Path condition
	Not considered
	Not considered


TABLE 4: Geometric Factors of Study Sidewalks

	LOcation
	Sidewalk #
	Width
	Buffer
	Parking
	Overall Buffer

	
	
	ft
	(m)
	ft
	(m)
	ft
	(m)
	ft
	(m)

	1
	1
	10
	(3.0)
	8
	(2.4)
	NA
	NA
	8
	(2.4)

	
	2
	10.5
	(3.2)
	8
	(2.4)
	NA
	NA
	8
	(2.4)

	
	3
	8
	(2.4)
	0
	(0.0)
	9
	(2.7)
	9
	(2.7)

	
	4
	7
	(2.1)
	5
	(1.5)
	9
	(2.7)
	14
	(4.3)

	
	5
	10
	(3.0)
	9
	(2.7)
	NA
	NA
	9
	(2.7)

	
	6
	10
	(3.0)
	10
	(3.0)
	NA
	NA
	10
	(3.0)

	2
	7
	8
	(2.4)
	0
	(0.0)
	5
	(1.5)
	5
	(1.5)

	
	8
	10
	(3.0)
	NA
	NA
	NA
	NA
	NA
	NA

	
	9
	8
	(2.4)
	0
	(0.0)
	5
	(1.5)
	5
	(1.5)

	
	10
	5
	(1.5)
	0
	(0.0)
	5
	(1.5)
	5
	(1.5)

	
	11
	6
	(1.8)
	6.5
	(2.0)
	7
	(2.1)
	13.5
	(4.1)

	
	12
	12
	(3.7)
	6
	(1.8)
	7
	(2.1)
	13
	(4.0)

	
	13
	8
	(2.4)
	0
	(0.0)
	5
	(1.5)
	5
	(1.5)

	3
	21
	6
	(1.9)
	6
	(1.8)
	7
	(2.1)
	13
	(3.9)

	
	22
	13
	(3.9)
	5
	(1.5)
	NA
	NA
	5
	(1.5)

	
	23
	12
	(3.7)
	6
	(1.8)
	NA
	NA
	6
	(1.8)

	
	24
	10
	(3.0)
	7
	(2.1)
	7
	(2.1)
	14
	(4.3)

	
	25
	11
	(3.4)
	6
	(1.8)
	6
	(1.8)
	12
	(3.7)

	
	26
	15
	(4.6)
	4
	(1.2)
	NA
	NA
	4
	(1.2)

	4
	27
	13
	(3.9)
	6
	(1.8)
	NA
	NA
	6
	(1.8)

	
	28
	6
	(1.9)
	4
	(1.2)
	6
	(1.8)
	10
	(3.0)

	
	29
	10
	(3.0)
	6
	(1.8)
	7
	(2.1)
	13
	(3.9)

	
	30
	8
	(2.4)
	6
	(1.8)
	NA
	NA 
	6
	(1.9)

	
	31
	10
	(3.0)
	6
	(1.8)
	NA
	NA
	6
	(1.9)

	
	32
	8
	(2.4)
	6
	(1.8)
	NA
	NA
	6
	(1.9)

	
	33
	10
	(3.0)
	6
	(1.8)
	7
	(1.8)
	13
	(3.9)


TABLE 5: Summary of Study Analysis Results

	Inter-section
	Sidewalk
	HCM 2000 LOS
	Australian LOS
	Trip Quality LOS
	Landis LOS

	1
	1
	A
	B
	B
	B

	
	2
	A
	B
	C
	A

	
	3
	A
	B
	C
	A

	
	4
	A
	A
	B
	A

	
	5
	A
	B
	B
	A

	
	6
	A
	B
	C
	A

	2
	7
	A
	B
	C
	B

	
	8
	A
	B
	A
	A

	
	9
	A
	B
	C
	B

	
	10
	A
	B
	B
	B

	
	11
	A
	B
	B
	B

	
	12
	A
	B
	C
	A

	
	13
	A
	B
	D
	B

	3
	21
	A
	B
	A
	A

	
	22
	A
	B
	A
	A

	
	23
	A
	B
	A
	A

	
	24
	A
	B
	A
	A

	
	25
	A
	B
	A
	A

	
	26
	A
	B
	A
	A

	4
	27
	A
	B
	A
	A

	
	28
	A
	B
	A
	A

	
	29
	A
	B
	C
	A

	
	30
	A
	B
	B
	A

	
	31
	A
	B
	C
	A

	
	32
	A
	B
	B
	A

	
	33
	A
	B
	B
	A
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