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Technical Appendix 

INTRODUCTION 

One of the objectives of the Maricopa Association of Governments' (MAG) Pedestrian Plan 2000 is to 
determine the types of pedestrian facilities that are appropriate for differing levels of pedestrian activity. 
A key factor in designing the roadway environment is assessing the relative amount of pedestrian 
activity that could potentially occur along the roadway. This process of identification and quantification 
of potential pedestrian trip activity is known as travel demand analysis. 

In order to perform a travel demand analysis for the walking mode, a methodology must be employed 
that recognizes the unique impediments to that mode. Unlike automobile travel, pedestrian travel often 
does not occur due to a number of impediments, one of which is relatively poor accommodation of 
pedestrians within the existing transportation network. Consequently, existing pedestrian counts gener­
ally do not indicate the level of potential pedestrian trip activity on a roadway network. Therefore, 
alternative or surrogate measures of asseSSing pedestrian trip activity are needed. 

Methods of Assessing Pedestrian Trip Activity 

There are three primary methods of asseSSing pedestrian trip activity. The first method is documenting 
revealed demand This measure is accomplished by simply counting the existing number of people 
walking on the streets. A second method is to identify, map, and evaluate potential trip generators or 
attractors. In practice, this method tends to focus on major pedestrian trip attractors. The third 
method is to assess the latent demand throughout the metro area. Latent demand considers both 
existing and pent-up pedestrian activity. It also enables planners and engineers to antiCipate and plan 
for future pedestrian travel needs. The following paragraphs briefly describe each of these methods, 
their advantages and disadvantages. 

Revealed demand 

This method consists of taking counts of existing pedestrians on the roadways. Its usefulness is limited 
to areas that already have an extensive sidewalk network that provides an overall high-quality walking 
environment. This method is not usable for the vast majority of U.S. metro area transportation net­
works, due to their generally poor pedestrian accommodation. 

Evaluation ofPedestrian Trip Generators and/or Attractors 

Until recently, this method has been the most common method of estimating pedestrian travel demand. 
However, it suffers from two major problems: the limited number of pedestrian attractors it considers, 
and the fact that it generally focuses only on attractors - therefore only one end of the pedestrian trip is 
considered. 

The first problem with this method is that it tends to focus on major pedestrian trip attractors such as 
schools, parks, and retail centers, and thus only a fraction of the existing and potential pedestrian trip 
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attractors are represented. In fact, virtually every residence, every bUSiness, and every social and 
service establishment in a metropolitan areci is a pedestrian trip generator or attractor. Thus this 
method, in practice, fails to account for that fact. 

The method's second shortcoming is directly related to the first. Since the method focuses on major 
attractors, only one end of the pedestrian trip - the destination, is quantified. This is a problem 
because the method does not account for the production (or supply) of trips available to that attractor. 
For example, a particular park may have many amenities, and hence exhibit a high trip attraction rate, 
but if it is in a rather remote area (i.e., the surrounding population density is very low) the actual 
pedestrian trip activity (or interchange) between the attractor (park) and generator (population) would 
be low. Consequently, the method does not account for the pedestrian trip interchange reality that 
exists among generators and attractors throughout the Region. 

LatentDemand 

The model that quantifies both ends of the walking trip and allgenerators and attractors in a metropoli­
tan area for both existing and potential trips is the Latent Demand Model The LatentDemandModel is 
a logical extension of the second method, and it is rapidly becoming the method of choice for metropoli­
tan areas throughout the United States. Numerous U.S. metro areas are using this method to estimate 
the potential of the roadway network segments to serve bicycle arid/or pedestrian trip activity; among 
them are Baltimore (MD), Birmingham (AL), Gainesville (FL), Philadelphia (PA), Tallahassee (FL)i 
Tampa (FL), and Westchester County (NY). A similar method is being employed in the MAG Pedestrian 
Plan 2000. 

The LatentDemandModel is essentially a gravity model, based upon a theory similar to that used in the 
prevailing four step Urban Transportation Planning System-based travel demand models throughout the 
United States. The following sections outline its theory and technical application in a Geographic 
Information System (GIS) transportation planning environment. 

THE LATENT DEMAND MODEL 
Travel patterns in a metropolitan area are well described by Newton's law of universal gravitation as 
applied to trip interchanges, which is shown in Figure 1. This relationship essentially says that the 
amount of trips, regardless of travel mode, between two areas is directly related to the number of trip 
productions (eg. population residences) in one area and the number of trip attractions (eg., workplaces, 
shopping opportunities, schools, etc.) in the other (destination) area. The relationship also says that 
impedances (e.g., travel distance and/or time between the areas, conditions of the travel environment, 
etc.) playa significant role in reducing the amount of trips made between those areas. 

Walking activity patterns can be described by a similar relationship, see Figure 2. However, unlike those 
for the automobile travel mode, the impedances to the walking mode playa greater role. For example, 
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the distance between trip origins and destinations affects walking more dramatically than it does for 
automobile travel. Additionally, the condition of the walking environment affects whether-a walking trip is 
made and how far, and what route, a person is willing to travel (see Figure 3). Furthermore, depending 
on the purpose of the walk trip, the carrying, or "payload" capacity plays a role in not only the walk travel 
distances but also whether or not a walking trip is even made1 • 

Impedances are different for different trip purposes. For example, people are typically wtlling to walk a 
greater distance to work than they are to simply pick up a food item at a comer convenience store. This 
phenomenon is reflected in national survey data for three trip purposes, as depicted in Figure 4. 
Essentially, the trip making probability varies according to the distance between origins and destinations, 
and it also depends on the purpose of the trip. 

The Model accounts for the above outlined characteristics of pedestrian travel in a metropolitan area. 
While it is not a full and rigorous four-step travel demand model, it includes the trip interchange 
relationship in a gravity mode' trip distribution analysis but is conducted with a segment-based focus. It 
models trips according to the four general utilitarian trip purposes identified in the National Personal 
Transportation Survey (NPTS) shown in Figure 5. The Latent Demand Modelis an analysis of the entire 
region, using a segment-based, geographic information system (GIS) algorithm to quantify relative 
potential pedestrian trip activity. 

The Latent Demand Model is an effective analysis tool for assessing pedestrian travel demand. It: 

• 	 Includes all potential trip generators and attractors 
Quantifies the potential trip interchange between generators and attractors 
Recognizes that different trip types account for differing shares of the total trips 

• 	 Estimates the trip making probability of each trip type as a function of distance, and 
• 	 can be employed to assess the latent pedestrian demand for any metropolitan roadway 

network 

Potential pedestrian trip activity is separated into two categories, non-linked trips and linked trips. In 
brief, non-linked trips are those that can occur entirely by walking (based on NPTS trip purpose! 
distances) because the origins (generators) and destinations (attractors) are in close proximity to each 
other. In the Latent Demand Mode, potential non-linked trips represent latenttrip activity. 

Linked trips are those portions of trips whose origins an<~ destinations are so dispersed that travel by 
automobile (or other modes) is required to arrive in the general vicinity of the attractor. Once in the 
vicinity of the attractor, the remainder of the trip is made afoot. An example of a linked trip is when a 
person who takes transit or drives to an area changes mode and walks to different destinations within 
that area. The Latent Demand Model also estimates linked trips in a scenario in which adverse walking 
conditions are not an impediment to pedestrian trip activity. 

1 Seasonal and environmental factors affect walking travel distances, but in an analysis of roadways within the same metro area, they are not 

a factor unless they vary within the region. 
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.. 	 The Latent Demand Model identifies and quantifies both categories of trips. The following sections 
document the modeling processes for both the non-linked trip and linked trip. 

Non-Linked Trips 

As previously stated, the impedances to walking as a transportation mode playa large role in the 
probability of a pedestrian trip occurring. One of the significant impedances, the effect of motor vehicle 
traffic, is assumed not to exist for the purpose of calculating non-linked, or latenttrips. This assumption 
is based on the premise that if motor vehicle traffic was not present, the "latent" pedestrian trips would 
become "revealed" trips. 

Latent pedestrian travel activity is directly related to the frequency, magnitude, and proximity of trip 
generators and attractors to a roadway segment. Figure 6 is a stylized representation of the potential 
trip activity around a work trip attractor, such as an office complex. The intenSity of the shading on the 
surrounding street network graphically depicts the relative trip activity given that the inbound trips are 
coming from all directions and that there is no vehicular traffic on the streets. Figures 7 and 8 are 
stylized representations of this effect around attractors for social! recreational trips and school trips, 
respectively. 

The Latent Demand Model process takes these "snapshots" of the potential trip activity for allattractors 
and generators throughout the metropolitan area and essentially assembles them into a composite, as 
depicted in Figure 9. The intenSity of the shading of the streets within this figure depicts the total 
relative potential pedestrian trip activity surrounding the generators and attractors. The street seg­
ments with the more intense areas of shading represent the areas with the highest potential pedestrian 
trip activity. Figure 10 shows the mathematical expression of this GIS-based region-wide model. 

The following sections describe how the pedestrian travel analysis for the MAG Pedestrian Plan 2000 is 
accomplished in a GIS environment. 

Generators, Attractors, and Spatial Queries 

The first step in the process is to identify those generators (or origins) and attractors (or destinations) 
that represent the trip ends for the four general trip purposes. Generators are the origin end of the trip 
and are represented by every residence in the study area. Attractors are every business, school, park 
and trail, and social and service establishment. The generators and attractors form the foundation of 
the pedestrian travel demand calculations that the Latent Demand Model incorporates. 
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While the locations of many of the generators and attractors are individually identified, particularly for 
the school and social-recreational (parks) trip purposes, aggregated data is used for modeling the other 
trip purposes. For example, while the Latent Demand Model quantifies the trip generation of every 
residence for work. trips, it does not use the physical location of every residence within the study area. 
Rather, the Model uses the aggregated population, as found in the Transportation Analysis Zone (TAZ) 
data from MAG's transportation planning model. Ukewise, the work trip and work errand demand 
analyses are based on TAZ employment data for the trip interchange calculations. 

Once the generator and attractor data has been identified and, if necessary, geocoded or "mapped" into 
the GIS environment, spatial queries are performed around the network. road segments. The spatial 
queries "capture" the data for the calculation of potential trip interchange, between origins and destina­
tions within various travel distance ranges. The travel ranges are established from national survey data 
as reported in the NPTS study and vary according to trip purpose. Each travel range represents a 
"buffer'~ and the buffers are the geographic limits of the spatial queries. 

As the spatial queries are performed, their results are used to populate a database. That database is 
then programmed to calculate the trips within each buffer, per trip purpose. Once all of the trips have 
been calculated for each buffer around a road segment, they are summed to determine that road 
segment's Latent Demand Score. The road segment represents a corridor area, or ''travel shed'~ 

The following sections document, for each of the four trip purposes, the generators and attractors 
identified, the mathematical relationship between them, and how the spatial queries are performed. 

Work (Wk) Trips The generators and attractors used to estimate the potential trip activity for this trip 
type are the TAZs' population density and TAZ total employment, respectively. The following equation 
shows the computational form of the spatial queries. 

Where: 

(1)=IPd X[t(Ez x pz J]Q Wk 
d=1 z=1 Ez 

QWk = Total trip interchange potential for work trips 
d = Spatial query buffer 
n = Total number of buffers 
P= Effect of travel distance on trip interchange, expressed as a probability (see Figure 4) 
z = TAZ adjacent to roadway segment 
E= Total employment within buffer 
p = Population within buffer 
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Restriction: 

pz S; 1 (Ja) 
Ez 

Figure lla depicts the three spatial queries performed for work trips. The queries are segment-based 

which means that the queries/buffers are centered on the individual road segments. The buffer width 
of each query for this trip type (and indeed all of the trip types) is based on the pedestrian trip 

distances reported in the NPTS study. 

While trips to colleges and universities might be considered as school trips, they are modeled as "work 
trips" due to the Similarity of theirtrip characteristics (primarily trip length and regularity) to work trips. 

Furthermore, the generator for trips to colleges and universities is the same as that for work trips ­
population. The attractors are the colleges and university locations. Their individual full-time enroll­

ments (FTE's) are used in the calculation of the trip interchange. Equation 2 mathematically describes 
how this trip interchange is calculated and how the spatial queries account for this information. 

n [ n p z ] (2)QC&u = LPdx L{FTE}xSx­
d=1 A=1 FTE 

Where: 
QC&u = Total trip interchange potential for college and university trips 
d = Spatial query buffer 

n = Total number of buffers 

P= Effect of travel distance on trip interchange, expressed as a probability (see Figure 5) 
A = Numberofattractors 
FTE = Full-time enrollment ofcollege or university 
S = Percent ofsegment within TAZ 

p = Population within TAZ 

Restriction: 

(2a)~~1 
FTE 

The spatial queries for college/university trips are performed differently from the other work trips. The 
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essential difference is that the spatial queries for colleges and universities are attractor-based rather 
than segment-based. This means that the spatial queries are centered on the individual colleges and 
universities (see Figure llb), rather than the segment. As Figure llb illustrates, the percent of the 
segment falling within each buffer is used to normalize the segment's trip interchange potential. 

Shopping and Errands (SE) Trips As with the work trip, the generator for shopping and errand trips is 
population. The attractor is total employment per TAZ. The LatentDemand Modeling further subdivides 
this trip type into two categories of shopping and errand trips. The first is work-based errands, or those 
made by, and between, places of employment. For example, a person who picks up his/her dry 
cleaning during lunchtime is performing a work-based errand. The second category is home-based 
errands. An example of a home-based errand is a person going from their residence to a neighborhood 
store for a carton of milk or video rental. 

Equation 3 is the mathematical expression that quantifies these two categories of shopping and errand 
trips. 

QSE = (3)t,Pd X[~(E. +pz)] 

Where: 
QSE = Total trip interchange potential for the shopping and errand trips 
d = Spatial query buffer 
n = Total number of buffers 
P= Effect of travel distance on trip interchange, expressed as a probability (see Figure 5) 
z = TAZ adjacent to roadway segment 
E= Total employment 
p = Population within buffer 

The spatial queries for the shopping and errand trips are segment-based. Figure 12 graphically illus­
trates the two spatial queries performed for this trip type. 

School (Sc) Trips The locations of elementary, middle and high schools are the attractors for this trip 
type. Since students living within a two-mile radius of a school are generally not eligible to use the 
school transportation system, they are considered potential walkers. This two-mile radius constitutes a 
transportation exclusion zone for which potential pedestrian trip activity is measured. Equation 4 
mathematically expresses the calculation of potential school trips. Average school enrollment for the 
entire school district is the base quantity used in determining potential trips. 
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QSc =t,Pd X[t,(2XASEXS)] (4) 

Where: 
Qsc = Total trip interchange potential for home-based school trips 
d = Spatial query buffer 
n = Total numberofbuffersorTAZ's 
P= Effect oftravel distance on trip interchange, expressed as a probability (see Figure 5) 
A = Number ofattractors 
ASE = Average school enrollment 
S = Percent of road segment within buffer 

As with colleges and universities, the spatial queries for this trip type are attractor-based. Figure 13 
illustrates the two spatial queries performed for this trip type, and how the percent of the road segment 
falling within each "buffer" is likewise calculated. 

Recreational and Social (RS) Trips Public parks, trail heads, and trails are the attractors used for the recreational 
and social (RS) trip purpose demand assessment. The total trips associated with these attractors are given in equation 
5, below. 

QSRC = (5)tPdX(Tt +pzJ
d=1 tT

Where: 
QSRC = Total trip interchange potential for social/recreational trips 
d = Spatial query buffer 
n = Total number of buffers orTAZ's 
P= Effect of travel distance on tri p i nterchange, expressed as a probability (see Figure 5) 
Tt = Total number of park &. trail head trips (or Qparks) + total number of urban trail trips (or U 
p = Population within buffer 

As shown above, Tt is separated into two categories of recreational and social trips: parks &. trail heads and urban trails. 
The reason for separating urban trails from the parks and trail-heads lies in how the spatial queries are performed. An 
urban trail is, in effect, a linear park. Therefore, the spatial query is performed from the trail itself to describe the 
portion of the road segment proximate to that portion of the trail. Thus, the spatial queries for urban trails are attractor­
based, whereas the spatial queries for parks and trail-heads are segment-based. The following paragraphs document 
the trip calculations for each category. 

11._ ". •• 
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Prior to performing spatial queries on parks and trail-heads, the parks were stratified into three categories; major 
parks, staffed parks, and minor parks. The reason: the "attractiveness" of different types of parks. For example, a park 
that has ball fields and aswimming pool generally attracts more users than a park ofequal size with fewer amenities. 
Accordingly, the trip attraction for the former will be higher than that for the latter. A definition of each park type along 
with its associated trip generation follows: 

Major Parks (and Trail Heads) -these are characterized as parks that have regularly programmed events and 
large, staffed events. Trip generation = 2,058 trips. [This is based on an average major park size of688 acres 
multiplied by a Trip Generation Rate of 2.99 trips per acre.] 
Staffed Parks- these typically have intermittently programmed events and staffed events. Trip generation = 
313 trips [This is based on an average major park size of 16.3 acres multiplied by aTrip Generation Rate of 
19.15 trips per acre.] 
Minor parks - these generally do not have programmed events nor do they have staffed events. Trip generation 
= 11 trips [This is based on an average major park size of 6.9 acres multiplied by a Trip Generation Rate of 
·2.23 trips per acre.] 

Due to their trip attraction potential, trail-heads are considered major parks, and are assigned the same trip generation. 
The quantification of trip interchange for parks and trail heads is shown in Equation 5a, below. 

(Sa)Q"Om = t,(~AXTGJ 

Where: 
QParks = Total trip interchange potential for park and trail head trips 
c = Categories of parks 
A= Numberofattractors 
n = Total number of buffers 
TG = Trip generation rate 

Figure 14a is a graphic representation of the segment-based spatial queries used for the park and trail head latent 
demand analysis. 

As previously described, quantification of the travel demand associated with trails has been separated from parks and 
trail heads due to the fact that the spatial queries are attractor-based, or more appropriately centered on the trail itself. 
The generator used in the trip interchange calculation for this category is once again the population surrounding the 
subject road segment. The trip generation used for the calculation is 313 trips, which is based on the trail acreage 
multiplied by its associated trip generation rate. In the case of trails, the trip generation rate is 19.15 trips per acre. 

Equation (5b) represents the calculation of potential trip activity for trails: 

ICDPA 

.- ~~ ASSOCIATION of.- 'if. ..-•• ..-'If. .- fI_ ..- ..-'if., ~ "'IS .'i IJOVERNMENTB 





Technical Appendix 

n 

Qtralls = L S x TG (5b) 
A=1 

Where: 
QTrails = Total trip interchange potential for trail trips 
A = Numberofattractors 
n = Total numberof buffers 
5 = Percent ofsegment within buffer 
TG = Trip generation rate 

Figure 14b depicts the two spatial queries performed for this trip purpose, which are attractor-basecl. 

Putting it Together: The Total of Non-Linked Trips 

The sum of the individual trip purposes for each roadway corridor, when multiplied by their associated 
trip share from the NPTS study, is the Non-Linked Trips LatentDemandScore for that roadway corridor. 
The mathematical expression for this is given by Equation 6. 

4 

LOS= L(On xTTSn) (6) 
n=1 

Q= Total number of potential non-linked trip interchanges calculated by spatial queries, per 
trip purpose 

n = Pedestrian trip purpose ( e.g., work, personal/business, recreation, school) 
TTS = Trip purpose share of all pedestrian trips (calculated using NPTS data2) 

The tabular results of the non-linked latent demand analysis for each road corridor within the Project 
study network is in the Final Report document of the MAG Pedestrian Plan 2000. The regional ranking 
results for both base year (1995 data file) and future (Year 2020) are depicted graphically on the maps 
within the Final Document of the MAG Pedestrian Plan 2000 (Section 4). 

Linked Trips 

As previously stated, linked trips account for a signifiCant portion of the existing pedestrian activity on 
the MAG network today. The majority of linked trips are represented by two of the trip purposes 
identified in the NPTS study, work trips and shopping and errand trips. While these trips consist of a 
vehicular travel link and a walking link, only the walking link is quantified for the MAG Pedestrian Plan 

2000. The following paragraphs detail how this link is quantified. 

2 Trip share not applied to colleges and university trips 
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Since employment is the measure used to quantify the "trip attraction" for both work trips and shopping! 
errand trips, it is logical to use this same measure in the quantification of linked trips. The linked trip 
analysis uses a variation of this measure, employment density, to describe existing relative pedestrian 
trip activity levels. 

Employment density is used rather than gross employment because density is a truer indicator of the 
concentration of business and retail establishments within the travel corridor represented by a road 
segment. For example, a TAZ in a downtown area and one in a suburban area may have the same 
number of employees; however, the one in the downtown area is likely smaller and thus has a higher 
employment density. Also, business and retail establishments in downtown areas are generally located 
immediately adjacent to the sidewalk, whereas those in a suburban area are generally set back well off 
the right-of-way line, thereby reducing their accessibility to pedestrians. 

Equation 7 represents the mathematical representation of the above along with the spatial query 
performed. 

n E 
Qlinked =La (7) 

z=1 

Where: 
QUnked =Total pedestrian trips for linked trips 
z = TAZ adjacent to roadway segment 
n = Total number of buffers 
E = Employment of TAZ within buffer 
a = Area of TAZ within buffer 

One segment-based spatial query is performed for this analysis, as illustrated in Figure 15. 

The tables in the Final Report document of the MAG Pedestrian Plan 2000 also reflect the results of the 
linked trip analysis. The maps in the Final Report document pockets graphically depict these results for 
the current (1995 data file) conditions as well as for the future (Year 2020) conditions. 

Latent Demand: Composite Results 

The results of the non-linked trip analysis and the linked trip analysis reveal differing levels of pedestrian 
activity among the road segments for the different land use, or planning horizons. These different 
activity levels beg the question, "Which set of results should be used?" It is recommended that, of the 
analyses performed, the highest level of activity indicated on any of the maps for a particular road 
corridor is the one that should be used to represent the roadway corridor. The reason for this is as 
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follows: the minimum amount of activity that should be planned for in the selection of facility types for a 
particular roadway is represented by the maximum amount of activity within the corridor, either existing 
or potential, whether in the present or future. Map Figure 4-8 in the MAG Pedestrian Plan 2000 Final 
Report document depicts the highest level of activity per roadway corridor. This composite of the latent 
demand analyses represents the pedestrian activity areas, or districts recommended for use in the 
selection of facility types (Section 5 of the MAG Pedestrian Plan 2000 Final Report document). 

Intra-Jurisdictional Rankings 

The following maps have been developed for the individual jurisdictions' use in determining how their 
roadway corridor areas compare amongst themselves. The levels of(composite) potential pedesbian 
activities should not be classified into the regional districts. Maps have been produced only for 
jurisdictions who have at least ten roadway corridor segments analyzed. 
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INTRODUCTION 
In recent years there have been initiatives in metropolitan areas throughout the United States to create 
more "livable communities'~ Characteristic of these efforts is the reintroduction of bicycle lanes and 
sidewalks to the streetscapes, complete with street furniture, generous landscaping, pedestrian-scaled 
lighting, and other features making the public right-of-way more inviting for people to travel by bicycle or 

on foot. The transportation planning and engineering community has attempted to provide analysis and 
design methods to help create these "livable streets'~ 

While tremendous gains have been made in the bicycle transportation analysis and planning field; little 
progress has been made for the pedestrian travel mode. Evaluating the performance of a roadway link 
for the walking mode is complex compared to that for the motor vehicle~ Whereas operators of motor 
vehicles are largely insulated in their travel enVironment, the pedestrian is relatively unprotected. The 
pedestrian, while traversing the roadside environment, is subjected to a multitude of factors significantly 
affecting his/her feeling of safety, comfort, and convenience. These factors may be classified under 
three general performance measures describing the roadside pedestrian environment; sidewalk capac­
ity, quality of the walking enVironment, and the pedestrian's perception of safety with respect to the 
presence of motor vehicles. 

PERFORMANCE MEASURES FOR THE PEDESTRIAN 
The first performance measure, sidewalk capacity, was developed in the early 1970's by Fruin (1). His 
method, as formalized in the Highway Capacity Manual (2), is the only established method of quantify­
ing sidewalk capacity. However, this performance measure is limited in its applicability: it only evaluates 
conditions for an existing (or planned) sidewalk and then only from the perspective of "walking space" or 
effective sidewalk width available to the pedestrian. Additionally, it cannot be used to prioritize roadways 
for sidewalk construction. This is an important limitation. Typically, less than 20% of the collector and 
arterial network of U.S. metropolitan areas have sidewalks. Furthermore, less than 3% have pedestrian 

activity levels that can be effectively measured by Fruin's capacity method. 

Currently, there is no established measure. for the quality, or enjoyment aspect of the walking environ­
ment. Several walking advocates as well as researchers have proposed various measures of the total 

qualityof the walking experience. Their measures include numerous qualitative assessments relating to 
the pedestrian's enjoymentof the walking experience (e.g., convenience of the walking experience and 
the perception of personal security). The "Walkability Audit" developed by advocate Dan Burden is one 
example of a comprehensive approach. Published works by Sarkar (3,4), Khisty (5), Dixon (6), Crider 
(7), and others are examples of methods that include a mixed combination of some of the factors of all 
three performance measures. However, most of these methods require the presence of a sidewalk to 
be applicable. And, while the qualitative measure of a pedestrian's enjoyment of the walking experience 
is important to provide a complete picture of the walking environment and to design an "inviting" 
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sidewalk, it is a separate measure of effectiveness and must be developed separately from the sidewalk 
capacity or safety perception measures. 

The third measure, perceived safety (with respect to the presence of motor vehicles) has not been 
quantified as a stand-alone performance measure. This measure is the subject of this section.Focus­
ing on the roadside walking environment, the factors most cited as affecting pedestrians' sense of 
safety include: lateral separation, barriers, and buffers between pedestrians and motor vehicle traffic, 
motor vehicle volume and composition, effects of motor vehicle travel speed, driveway frequency and 
access volume. 

The perception of safety is a qualitative measure of effectiveness recognized by the 1994 Highway 
capadty Manual. The Manual states (on pages 1-4 and 1-5), 'The concept of leve/-of-service uses 
QuaUtative measures thatcharacterize operational conditions within the traffic stream andtheirperception 
by(the fadlity users) ... descriptions ofindividuallevels ofservice characterize these conditions in terms of 
such factors as speed and travel time, fteedom to maneuver, traffic interruptions, and comfort and 
convenience" (underlines added) for the facility type." With respect to measures of effectiveness, the 
Manual states, ''For each type of facility, levels of service are defined on the basis of one or more 
operational parameters that best describe operating quality (underlines added) for the facility type"(2). 
Thus is the direction of the (measure of effectiveness) modeling effort. 

As can be seen, two of the three performance measures (capacity and quality of the walking experi­
ence) have been established and developed, respectively. Therefore, what is missing from the descrip­
tion of the walking environment is a calibrated, transferrable model that objectively quantifies "the 
perceived safety of pedestrians" using measurable traffic and roadway variables. The model described 
in this technical appendix provides a stable supply-side measure of walking conditions to aid in the 
priority ranking of roadway segments for sidewalk construction. In addition, it allows for merging 
pedestrian facility programming into the mainstream of metropolitan area transportation planning. 
Furthermore, the model evaluates traffic calming measures and streetscape designs for their effective­
ness in improving the walking environment. 

STRUCTURE OF THE MODEL 
The Roadside Pedestrian Conditions (RPC) Modeloutlined herein is a measure of effectiveness which 
quantifies the roadway and motor vehicle traffic conditions that affect pedestrians' sense of safety in 
the walking environment. It was developed from a background of applications in six U.S. urban areas 
constituting over 2,000 miles of roadway. The model design is objective, transferable, and applicable at 
the project, corridor, and network levels. It uses common, measurable traffic and roadway variables for 
economy of data collection, accuracy, and reliable and repetitive application. The methodology is a link 
analysis; it does not include intersection analysis, as there are existing (and proposed - in HCM 2000) 
methods in Chapter 13 of the Highway capacity Manual to perform that function. It evaluates walking 
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conditions regardless of the presence of a sidewalk. 

The following process was employed to develop the initial RPCmethodology: 1) identify factors that are 
relevant, 2) establish the optimal configuration of the factors (or combinations thereof), and 3) deter­
mine the coefficients for each of the terms through a step-wise multivariable regression analYSis of 
ninety-six (96) observations in the Tampa, Florida metropolitan area. Further development of the 
Model's form and coefficients using a more robust sample of observations (2,700+) is planned for the 
Spring of 2000. 

Model Terms 
The "long list" of factors influencing pedestrians' sense of safety within the roadway corridor was 
confirmed by group consensus considering the aforementioned research and modeling efforts. This 
group consisted of transportation planners, traffic engineers, travel demand modelers, roadway design 
engineers, land use planners, planning commissioners and citizen advocates in the Tampa, Florida 
metropolitan area. The factors included: 

1) Lateral separation between pedestrians and motor vehicle traffic 
2) Presence of physical barriers and buffers 
3) Outside (motor vehicle) lane volume 
4) Effect of (motor vehicle) speed 
5) Driveway access frequency and volume 

Model Terms 
All five of these factors describe the walking environment alongside the roadway. Each model factor and 
its associated variables are discussed in detail below. 

Lateral Separation 

The proximity of pedestrians to motor vehicle traffic in a shared right-of-way is a primary factor in 
pedestrians' sense of safety. In general, as the lateral separation (LS) increases, the pedestrian's 

comfort, or sense of safety, also increases (see Figure 1). 

Lateral. - -- - -- - -- - 1 
r Seporat;on I ~_, 

~ ffiW,r.. _w_'"'W'''"_c=___ 

Figure 1 Effect of Lateral separation 
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The presence of a vertical, non-traversable curb increases the sense of protection, hence safety (see 

Figure 2). It is anticipated that the effect of vertical separation is more pronounced when the walking 

path is close to traffic and the effect diminishes as the lateral separation increases. 

Lateral 
Separation i 

Figure 2 Effect of Vertical Separation 

When a barrier such as on-street parking, a line of trees, or a roadside swale is present between motor 

vehicle traffic and the pedestrian, the pedestrians' sense of protection, hence safety is improved (see 

Figure 3). Increased frequency of parked cars, trees, or an increase in the depth of the intervening 

roadside swale further improves the sense of safety. 

Lateral 

fr $epamtion rn. 

~~ 

Lateral Separation

i 1 

~"- .~~ , 

Figure 3 Effect of Vertical Barriers 
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The mathematical expression that reflects these effects Of lateral separation, barriers, and buffers is as follows: 

LS = (Wt + ""') +(Kp)%OSP+(Kb)BW + {Kg)SW (1 ) 

Where: 

Wt =Total width ofoutside lane and shoulder (meters/feet) 

WI = Width of shoulder (meters/feet) 

I) =On-street parking coefficient 

%OSP = Percent of segment with on-street parking 

~ = Vertical barrier coefficient (varies with tree spacing in the buffer) 


= 40(T)-o·67 when Ts < 200 feet 

=1.0 when Ts > 200 feet 


where: 


Ts = Center to center tree spacing in feet in the buffer 

fNV = Bufferwidth (distance between edge of pavement and 


Sidewalk, meters/feet) 


I) = Grade separation coefficient 

SW = Width of sidewalk (meters/feet) 


The values of coefficients ~, ~ and Kg are estimated at this point in the development of the RPCmodel. As 
stated earlier, when the ModeJis calibrated with a larger number of observations, their final values (and 
perhaps the mathematical form of the terms themselves) will be confirmed. 

Examples ofhow the term "lateral Separation" quantifies the different scenarios are illustrated in the cases below. 

a) 	 CASE I (barrier/buffer): There are three general barrier/buffer scenarios. The first two are 
illustrated in Figure 4 which shows a non-curbed x-section with a vertical barrier (trees or a 
swale) situated in a horizontal buffer between the travel lane and sidewalk. Note that there is no 
on-street parking, therefore the %OSP term equals zero. Thus for these two scenariOS, the 

lateral separation factor is given by: 

LS = (Wt + ""') +'K )BW + {Kg)SW (2)2 	 \! b 2 
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Figure 4a Lateral Separation as Affected by Vertical Barriers 

The third barrier/buffer scenario is illustrated in Figure 4b. In this example, on-street parking, 
provides a barrier. Note that there is no buffer, therefore the BW term equals zero. Thus, the lateral 
separation factor is quantified by: 

LS = (Wt ; ~) +(Kp)%OSP + (Kg;SW (3) 

f LC: - i I 

f2i tfii I~ :! 
,. l w. l 

6 

sw l 
I~ 

;.,. 

Figure 4b Lateral Separation as Affected by On-Street Parking 

b) CASE II (curbed x-section): In this case, there is no on-street parking. Ukewise there are no vertical 
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barri~rs between the pedestrian and motor vehicles other than the non-traversable curb. Figure 
Sa illustrates the scenario of a sidewalk separated from the motor vehicle travel lane by a grass 

buffer strip. The lateral separation factor is therefore described by: 

LS = (Wt +~) +'K )BW + (Kg)SW (4)2 \I b 2 

r LS 1 

?E1 	 ~ i{
~~~d 	 I~
1 w. L=j BW J. 1sw 

Figure Sa Lateral Separation - Typical Residential X-Section 

Figure Sb illustrates the scenario ofa sidewalk without an intervening buffer strip. The lateral separation for 

this situation is given by: 

LS = (Wt + ~) + (Kg)SW (5)
2 2 

LS 

r - ~ it
A ~ I~ 
1 WtL-j s. J 

Figure Sb Lateral Separation - Typical Urban X-Section 

a) 	 CASE III (non-curbed x-section): In this case, there is neither on-street parking nor a curb. 
Three scenarios illustrate this case. Figure 6a depicts a sidewalk separated by a wide horizontal 
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buffer. The lateral separation for this example is calculated by: 

LS = (~ + ""') + (K ) BW + (Kg) SW (6)2 .'.! b 2 

• LS ~!l 
... tt • db' !!.. I 

J w, J W, i BW 1 sw J 
Figure 6a Lateral Separation as Affected by Wide Buffer 

Figure 6b depicts the example of a pedestrian walking on the shoulder adjacent to the travel 
lane. It is assumed that the pedestrian walks in the center of the shoulder and moves to the 
outside edge of the shoulder as traffic approaches. Note that the only variables that remain are 
Wt and WI' Thus, the lateral separation is simplified to: 

LS =(Wt + ""') (7)

2 


LS r l' 

iWt ~ !~
1 1 w.~w. ..,"/ 

Figure 6b Lateral Separation - Wide Shoulder/Outside Lane 

Figure 6c depicts the scenario of a pedestrian walking along the edge of the travel lane due to 
. the lack of a paved shoulder or sidewalk. It is assumed that the pedestrian steps off of the 
pavement and onto the grass shoulder and walks there as traffic approaches/passes. Note that 
the only variable that remains is Wt • The lateral separation is therefore given by: 

LS= Wt (8)
2 
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Figure 6c Lateral Separation - No Shoulder 

This section introduced the factor of Lateral Separation and its mathematical expression. The next 
sections describe the remaining two factors of the current version of the RPC model. 

Outside Lane Volume 

The frequency of motor vehicles passing pedestrians, represented by the outside lane volume, is also 
found to be a significant factor. As passing frequency increases, the pedestrians' feeling of safety 
decreases. Outside lane volume is calculated by the following: 

Outside Lane Volume = ADT (9)
L 

where: 
ADT = Average daily traffic (for road or street) 
L = Total number of (thru) lanes (for road or street) 

Effect ofSpeed 

Similarly, the speed of motor vehicle traffic affects pedestrians' sense of safety. As speed increases, 
pedestrian discomfort increases. This is reflected in the following equation [borrowing the form from 
the Bicycle Level ofService (8) equation, which not only considers the speed of motor vehicles, but also 
the wind blast effect of trucks and other heavy vehicles]: 

Effect of Speed =Sp[1 +(1 0.38 x Hv)f (10) 

where: 

Sp = Posted Speed (kph/mph) 

10.38 = Wind blast envelope multiplier for heavy vehicles 

HV = Proportion of heavy vehicles 
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Driveway Access Frequency and Volume 

In the transverse environment, uncontrolled vehicular movement (i.e., roadway access) presents an 
interaction hazard to the pedestrian using a shared right-of-way. This transverse feature represents a 
similar "turbulence" or hazard to the pedestrian as to motor vehicle operators, which has been acknowl­
edged in recent highway access management policy development (9). Accordingly, as the number of 
driveways increases, a corresponding decrease in the perceived safety to the pedestrian is expected. 
Affecting this perception of safety is the volume of vehicles accessing the driveways. 

The five factors discussed above; lateral separation, presence of barriers and buffers, outside lane 
volume, effect of speed, and driveway access frequency and volume are considered the primaryfactors 
affecting pedestrians' sense of safety. As such, they form the basis for the Roadside Pedestrian 
Conditions model and have been combined in the following equation: 

RPC = a1f(LS)+a 2 f(ADT,L)+a 3 f(Speed, Traffic Mix) + 

a4f(Driveway Access Vol.,Freq.)+anf(xn)+ ...C (11 ) 

MODEL CALffiRATION 
The researchers conducted a step-wise regression analysis using ninety-six (96) observations of road­
way conditions within the Tampa, Florida roadway network. Numerous variable transformations and 
combinations were tested. Table 1 shows the best model form and it's terms' coefficients and T­
statistics that resulted from the testing. The correlation coefficient (R2) of the best-fit model is 0.85 
(see Figure 7 for a plot of predicted versus mean observed RPCvalues). The coefficients are statisti­
cally significant at the 95 percent level. Thus, the following Modelwas developed: 

ADT)RPC=a1In(LS)+a21{ -L- +a3Sp [1+(10.38x%HV)f+c (12) 

The RPC Model equation was tested for statistical significance at the 95% level. The fifth factor, 
"driveway access frequency and volume'~ while included in the step-wise regression analYSiS, was found 
to be significant only at the 90% level thus it has not been included in the current RPC Mode/. 

Findings and Applications 

The initial result of this research is the development of a reliable, statistically calibrated model suitable 
for application in US metropolitan areas. Table 2 may be used as a basiS for stratifying the model 
scores into pedestrian level of service classes. The RPC Model provides a stand-alone measure of a 
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roadway's performance with respect to pedestrian's perception of safety. It can be used to rank (from 
a supply-side perspective) roadway sections for sidewalk construction. Further, this measure, when 
coupled with the capacity (Fruin) measure and the quality performance measure (e.g. a Dan Burden­
style "Walkability Audit" to assess the enjoyment and convenience of the walking experience in the case 
of an existing sidewalk) "completes the picture" of the roadside walking environment. 

TABLE 1 Model Coefficients and Statistics 

Coefficients T -statistics 

Model Terms Model 1.0 Model 1.0 

Lateral Separation (LS): 

In(LS) - 1.94 - 10.62 

Motor Vehicle Volume: 

In(ADT/L) 0.63 5.04 

Speed and MV type: 

Sp [1 + (10.38 x %HV)]2 0.02 2.04 

Constant 2.62 2.72 

Model Correlation (R2) 0.85 
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TABLE 2 Level of Service ca~ories . 
Lever~f-Service Model Score 

A ~ 1.5 
B > 1.5 and ~ 2.5 
C > 2.5 and ~ 3.5 
0 > 3.5 and ~ 4.5 
E > 4.5 and ~ 5.5 
F > 5.5 
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PREDICTED RPC VALUE 


Figure 7 Residual plot of predicted and standardized residuals 
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