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To:  Kyle Wagenschutz, City of Memphis   

CC:   
From:   Anne Conlon and John Cock, Alta Planning + Design 

Date: September 17, 2014 [Updated March 13, 2015] 

Re: Shortest Path Analysis (Task 2.8)  
 

Shortest Path Analysis 
Introduction 
The Pedestrian Suitability Index (PSI), conducted as part of Task 2.7 and described in a separate memo, provides critical 
information that allows for an understanding of both walking demand throughout the city and how it relates to the 
supply of pedestrian infrastructure. The PSI information is critical for understanding broad spatial relationships and 
needs throughout the city. A Shortest Path Analysis is a complementary analysis tool that provides more localized 
information and has several additional benefits:  

 Accurately depicts true roadway distances (turn-by-turn) to and from destinations  

 Identifies the most likely travelled roadways by quantifying the number of times roadway segments are 
overlapped by the service area’s linear features (as several destinations are accessed using the same roadways) 

The shortest analysis, complemented by the understanding of the availability of pedestrian infrastructure (supply) and 
potential demand from the PSI analysis, provides a useful framework for identifying specific segments and 
intersections in need of pedestrian improvements. 

Overview of Network Analysis Routing Methodology 
The Shortest Path Analysis estimates travel behavior patterns using GIS-based network analysis tools and is organized 
similarly to PSI’s demand analysis, with routes drawn along the sidewalk network connecting places where people live 
(origins) and where they work, play (parks), access transit, and go to school (destinations). Key routing assumptions 
include: 

 The analysis identifies routes that take the shortest path between points of origin and destinations along the 
roadway network (all roads are included, with or without sidewalks, as well as all existing trails).  

 Path origins are represented by the midpoint of each street segment, as street midpoints are comprehensive 
starting points (e.g., covers every street in the city) and are already located on the network used for the analysis. 
While not every street block contains residences, this method ensures full coverage of all residences.  

 Path destinations are represented by four points evenly spaced along each destination’s parcel edge. The 
method models walking access to a single destination from each direction, since destinations often have more 
than one access point by foot and pedestrians can typically access a destination from any side. 
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As individual paths are drawn from each origin to each destination (including all four access points), many resulting 
paths (or routes) will overlap. The overlapping routes are then combined to quantify the number of potential routes per 
network segment to identify the most travelled segments. Figure 1 illustrates how a set of individual routes translate into 
a ‘heat map’ of routes per segment, with more commonly used routes represented graphically on a scale from yellow 
(less commonly used) to red (more commonly used). 

Figure 1: Shortest Path Analysis Methodology 

 

 

Segments with a higher relative number of routes are thus identified as higher priority segments relative to those that link 
fewer origins and destinations. The results of the shortest path analysis, in combination with the supply and demand 
characteristics quantified in the Pedestrian Suitability Index, will be input into the project development and prioritization 
process in the next stage of the plan.  

The shortest path methodology is based on up to date research summarized in the Transportation Research Board’s 
recent report, Estimating Bicycling and Walking for Planning and Project Development: A Guidebook.  The report summarizes 
factors that influence walking, as identified in the literature, which include the following1: 

 Density, per se, is less important than the mix of uses and connectivity provided by the street network (small 
blocks and gridiron shape) (Ewing & Cervero, 2010). 

 Less than half of all walking (45%) takes place on sidewalks (NHTSA/BTS National Survey, 2002). 

 Connectivity and directness (shortest path) are important – a 12% increase over the shortest distance path is 
enough to induce shortcutting (Moudon, et al., 2007). 

These findings support the assumption that most pedestrians are likely to take the most direct path along the 
street network between an origin and destination, regardless of the presence or quality of the sidewalk. The 
shortest path analysis thus complements the demand analysis previously conducted, identifying roadway segments within 
a demand node that are most likely to be used, so that infrastructure improvements (e.g., new or rehabilitated sidewalks 
as well as pedestrian crossings of higher order streets) can be targeted where they are likely to serve the most users.

                                                           
1 Kuzmyak, J. R., Walters, J., Bradley, M., Kockelman, K., National Research Council (U.S.). Transportation Research 
Board, National Cooperative Highway Research Program, American Association of State Highway and Transportation 
Officials. Federal Highway Administration. (2014). Estimating bicycling and walking for planning and project development: A 
guidebook. Washington, D.C.: Transportation Research Board. 
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Shortest Path Trip Inputs: Origins and Destinations 
The destinations included in the shortest path analysis are summarized in Table 1. As described in the previous section, 
the origins consist of the mid-points of each roadway segment within the search radius listed in the table. A radius of ½ 
mile is used for elementary schools and a one mile radius is used for middle and high schools, since elementary school 
age children are less likely than older students to walk long distances to school. The shorter radius is also used for transit 
stops, since average walking trip length for transit (0.5 miles) is shorter than that for schools (0.56 miles), recreation (0.86 
miles), or employment (0.67 miles), as summarized in the most recent National Household Travel Survey2. 

Table 1: Shortest Path Analysis Destinations/Radius 

Destination Type Search Radius 
Elementary School 0.5 miles 

Middle School 1 mile 

High School 1 mile 

Park 1 mile 

Employment Center 1 mile 

Transit Stop 0.5 mile 

 

For each of the destinations, a route was generated from each origin to all destinations within the search radius. For 
transit stops, the route was generated from each origin to its nearest transit stop. The assumption is that a person might 
for example travel to a number of nearby parks, but would typically walk to the same (nearest) transit stop. 

 

Shortest Path Analysis Results 
The results of the shortest path analysis are summarized by destination type in the following map series.  

Routes are displayed on each map using the composite approach that aggregates overlapping routes along each segment 
to categorically display the relative number of routes across the network.  

For legibility, the results are presented as a separate map for each destination type, including individual maps for 
elementary, middle, and high schools.   

A final composite map found at the end of this section combines the routes from each of the origin/destination pairs in 
Table 1 to display network segments that are the most likely to be commonly used for walking trips. 

  

                                                           
2 U.S. Department of Transportation, Federal Highway Administration. 2009 National Household Travel Survey. URL: 
http://nhts.ornl.gov. 
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Elementary Schools 
Routes between street segment mid-points (origins) within a half mile of elementary schools and those schools 
(destinations) are summarized below.  

 

 

Key findings of the analysis of shortest paths to elementary schools include: 

 Individual segments often serve as routes to multiple schools in areas where schools are more densely 
clustered3. The densest clusters occur in North Memphis, Uptown, Downtown, South Memphis, Midtown, 
Cooper Young, and Orange Mound neighborhoods. 

 Within these clusters of schools, sections of Mississippi Boulevard, Danny Thomas Boulevard, Kerr 
Avenue, Walker Avenue, Ayers Street, Chelsea Avenue, and Ridgeway Road serve the most routes.   

 A large, though less dense, cluster exists in the Frayser neighborhood outside the I-240 loop.  

 Where schools are spread out so that minimal route overlap occurs, nearby collector and arterial streets 
tend to serve the highest relative number of routes.  

                                                           
3 Note that while this and the subsequent maps each identifies clusters within each destination category (e.g., elementary 
schools), the final composite map considers the prevalence of overlapping routes to all types of destinations. 
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Middle Schools 
Routes between street segment mid-points (origins) within a mile of middle schools and those schools (destinations) are 
summarized below.  

 

 

Key findings of the analysis of shortest paths to middle schools include: 

 There are fewer middle schools than elementary or high schools and fewer school clusters. The largest cluster 
occurs in the northeast quadrant inside the I-240 loop. 

 Sections of Graham Street, Jackson Avenue, Rhodes Avenue, and Chelsea Avenue serve the highest 
number of routes.  
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High Schools 
Routes between street segment mid-points (origins) within a mile of high schools and those schools (destinations) are 
summarized below.  

 

 

Key findings of the analysis of shortest paths to high schools include: 

 There are significant clusters of high schools in downtown and adjacent neighborhoods. More spread out 
clusters also occur north of the I-240 loop and southeast of the loop.  

 Sections of Mississippi Boulevard, Georgia Avenue, Main Street, Poplar Avenue, Graham, Street, 
Linden Ave, and North 6th Street serve the highest number of routes. 
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Parks 
Routes between street segment mid-points (origins) within a mile of parks and those parks (destinations) are summarized 
below.  

 

 

Key findings of the analysis of shortest paths to parks include:  

 Parks are located in most neighborhoods throughout the city. With a fairly even spacing, clusters are seen 
across much of the city.   

 Many roadways in downtown, midtown, and the neighborhood around the V&E Greenline trail serve 
many routes.  

 Segments of North Second Street, South Third Street, G E Patterson Avenue, Manassas Street, and the 
V&E Greenline trail serve the highest number of routes.  
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Employment Centers 
For this analysis, a destination type of ‘employment centers’ was developed by using the top fifty census blocks in terms 
of number of employees. Routes between street segment mid-points (origins) within a mile of these employment centers 
and the boundaries of these census blocks (destinations) are summarized below. 

 

 

Key findings of the analysis of shortest paths to employment centers include: 

 The Poplar Avenue corridor through the Uptown, Downtown, Midtown, University, Walnut Grove, 
and Germantown neighborhoods is the dominant employment hub, along with Aerotropolis and I-40 
outside of the I-240 loop. 

 Segments of Main Street, Third Street, Madison Avenue, Union Avenue, Poplar Avenue, and Perkins 
Road serve the greatest number of employment routes. 
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Bus Stops 
Routes between street segment mid-points (origins) within a half mile of bus stops and those stops (destinations) are 
summarized below. Only one route was identified between each starting point and each bus stop, even if multiple bus 
stops were accessible via the network within a mile of that starting point. This approach differs from the other 
destinations. The basis for this difference is the assumption that each transit trip begins/ends at the nearest bus stop 
(e.g., riders are likely to consistently use the nearest bus stop whereas they may visit multiple nearby parks).  

Note that transit ridership data was incorporated into the demand portion of the Pedestrian Suitability Index (presented 
in a separate memo). Demand will inform the project development and prioritization process and will give greater 
weight to improvements that serve more frequently used stops.  

 

 

Key findings of the analysis of shortest paths to bus stops include: 

 The bus stop analysis by design identifies short segments that serve arterial and collector bus routes. 

 The analysis by itself does not identify key segments that serve many routes but when considered in 
conjunction with other shortest path analyses, it will provide greater weight to those segments that 
provide a ‘last mile’ link to transit. 
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Composite Shortest Path Routes 
Routes from the previous six categories were merged to produce a composite map showing segments that serve many 
routes to multiple destination types.  

 

 

Key findings of the composite shortest path analysis include: 

 The downtown roadway network provides routes to many destinations, due to both the density of the 
street network (origins) and the density of attractors (destinations) in this area. 

 Many local and collector street segments serve multiple routes and will be overlaid with supply to identify 
candidate projects. Some examples from neighborhoods around the city include Ardmore St, Craigmont 
Drive, Flamingo Road, Cottonwood Road, Western Park Drive, Olive Avenue, Josephine Street, 
Vanuys Road, Fourth Street, and Claybrook Street. 

 The Hickory Hill (southeast) and Frayser (northwest) neighborhoods have the densest routes serving 
destinations outside the I-240 loop. 
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Conclusion and Next Steps 
The Shortest Path Analysis identifies direct links between walking trip origins and destinations, providing a snapshot of 
roadway links on which local residents are likely to walk. This analysis completes the existing conditions phase of this 
project, which quantifies several metrics for each segment of the Memphis roadway system: the prevalence of pedestrian 
crashes, the likelihood of walking trips (demand), the quality of pedestrian infrastructure (supply), and the number of 
routes to key destinations served.  These quantitative metrics provide a data-driven basis for the identification of 
locations in need of pedestrian improvements, as well as for the prioritization of those improvements.   

In the next stage of the project, the project team will generate a project list outlining needed pedestrian improvements 
for roadway segments and intersections across the city, which may include improvements such as sidewalk repair, new 
sidewalks, striped crosswalks, pedestrian refuges, and enhancements to existing signalized intersections.  

Following project list development, the preliminary list will be prioritized based on supply, demand, the potential for 
projects to serve multiple routes, and other factors such as crash history, proximity to populations with disabilities, and 
equity (based on geography and environmental justice principles). Together, these factors will be used to narrow the 
universe of potential pedestrian projects in Memphis down to a priority project list that completes gaps in the current 
supply of walking infrastructure in those places where it is most needed.  

 

 


