
1

SE PA Pedestrian Cyclical Count Program | Project Summary

PROJECT OVERVIEW

The Delaware Valley Regional Planning Commission (DVRPC) began developing the Southeastern Pennsylvania 
Pedestrian Cyclical Count Program in the fall of 2018, supported by discretionary funding through the PennDOT 
CONNECTS initiative. The purpose of the pedestrian cyclical count program is to count pedestrians at a number 
of set locations per year in order to monitor pedestrian travel trends in representative contexts throughout the 
region over time. Future uses of the data may include developing estimates of pedestrian activity for all road 
segments and tracking of changes in travel after infrastructure investments.

PROJECT BACKGROUND

This project builds on DVRPC’s Bicycle Cyclical Count program, which was initiated in 2014. To improve upon 
the location selection methodology that was used to develop the bicycle program, staff sought to use statistical 
analysis to select representative locations in the five Pennsylvania counties. To balance the size of the project, 
only on-street locations with sidewalk on at least one side of the street were included, no trails. All counts were 
seven-day automatic counts using existing EcoCounter equipment. 

REPRESENTATIVE SAMPLING

One important goal of the program is to collect data that can be extrapolated out to provide estimates for levels 
of walking across the Southeastern Pennsylvania area. To achieve this goal, it was critical to develop a program 
where count locations were selected for their representative attributes. Therefore, the program methodology 
was created to ensure that the count locations were representative of different patterns in land use and 
transportation. 

METHODOLOGY DEVELOPMENT

The first step to develop a methodology to select representative locations was a review of existing literature 
and programs. For the first half of the process, a method was adapted from North Carolina State’s Institute for 
Transportation Research and Education to use regression analysis to identify the primary drivers or variables 
affecting pedestrian activity. Three variables were identified as significant for the suburban counties (population 
density, percentage of college students, and road density) and two variables were significant in the city of 
Philadelphia (percentage of college students and transit activity density). San Diego State and the San Diego 
Metropolitan Planning Organization used a stratified sampling scheme to place permanent counters in 
their region and a similar framework was used for DVRPC’s program. Using random selection, census tracts 
representing the mix of above and below median values for each variable were selected in the city and the 
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suburbs. This resulted in eight strata in the suburban 
counties and four strata in the City of Philadelphia. 
Ten locations in each stratum were selected to ensure 
a robust sample size. Planning partners at each 
county and in the city were then asked to identify 
representative locations in each census tract where 
counters could be placed. 

In addition to the census tract locations, three more 
strata were created in the suburbs to understand 
road types or locations that may have unique 
patterns. The first is a schools stratum. For these 
locations, counts were taken within a quarter mile of 
a public K-8 school. There were 10 locations counted 
for this stratum spread across the counties and across 
the underlying census tract strata. The second two 
additional strata were major and minor arterials with 
and without surface transit. 

In Philadelphia, two additional strata were defined 
in addition to the census tract strata: high and low 
transit ridership streets segments. Segments are 
defined by their levels of transit activity, specifically 
the sum of boards and alights on road segments that 
are within 500 feet of a bus, trolley, or heavy rail stop. 

An in depth explanation of the statistical analysis 
and testing of the methodology can be found in 
a paper presented at the 2020 Annual Meeting of 
the Transportation Research Board and shared in 
Appendix C.

OUTCOMES

Program locations and counts are described in the 
first two appendices. Additional information about 
each count can be searched for through DVRPC’s 
bicycle and pedestrian count portal, which can 
be found at https://www.dvrpc.org/webmaps/
PedBikeCounts/.

Appendix A:

The tables in Appendix A summarize each location 
and the resultant count, and include a link to the 

count location in Google Maps. There is a data 
dictionary for the tables at the beginning of the 
appendix. 

Appendix B:

Maps in Appendix B show the count locations 
by county and in the city of Philadelphia and are 
summarized in Map 1. The counties are ordered 
alphabetically. The results of completed counts 
are shown. Some remaining counts will be taken 
in spring and summer of 2020. These locations are 
primarily in the City of Philadelphia.

Appendix C:

A paper detailing the statistical analysis and the full 
methodology comprises Appendix C. It provides 
a more thorough explanation of the project 
development process. 

NEXT STEPS

The immediate next steps are to finish conducting 
counts at the remaining program locations. 
Once completed, DVRPC will begin developing a 
methodology for using the data to create estimates 
for pedestrian activity on all road segments. These 
estimates can be used for existing Transportation 
Improvement Program (TIP) project evaluation 
criteria. 

DVRPC will also begin to count about 35 locations 
per year, each year, on a planned five-year schedule 
to monitor how the amount of walking is changing. 

Planning partners can begin using the data to 
compare locations in the program, as well as seeing 
the variations over the day and day of the week that 
are illuminated by this data. This has the potential to 
be useful in planning studies or to provide general 
information on levels on walking.
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Map 1: Summary of Regional Counts
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Appendix B.4
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Appendix B.1
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Appendix B.2
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Appendix B.3
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59 Count Locations
Appendix B.5
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INTRODUCTION

The count locations in the program are summarized in the following tables. The locations where data has yet to 
be collected, which only includes locations in Philadelphia, are listed last. For the tables, the data in the columns 
are defined as follows:

AADP “Average annual daily pedestrian”- an average based on a series of counts and factors 
that estimate the average daily pedestrian traffic. 

County The county in which the count location is. 

Google Link A click-able link to the location in which the count was taken. 

High Transit 
Street

This category of stratum is only for Philadelphia and includes streets with surface transit 
service that have above median boards plus alights. 

In/Out Dir The direction that pedestrians come in or out to the counter.
Low Transit 
Street

This category of stratum is only for Philadelphia and includes streets with surface transit 
service that have below median boards plus alights. 

Municipality The municipality in which the count location is.

Non-Transit 
Arterial

This is a suburban category of stratum and represents a major or minor arterial road 
segment with no transit service. 

Road Name The road on which the count location is.

Set Date The date when the count equipment was set and counting began.

Sidewalk The location of the sidewalk that the count was taken on in regards to the centerline of 
the road.

Stratum Stratum are a way to categorize different areas used for counts. For the suburbs, there 
are three categories that were used. Above and below median values for population 
density, road density, and percentage of college students. For Philadelphia, only two 
categories were used: above and below median values for transit activity density and 
percentage of college students. Zero represents below median values for each, and one 
represents an above median value.  

Stratum Type This is the category of stratum. There are several types, the largest being census tract. 
Others are school and high/low transit arterial in the suburbs and lower and higher 
transit streets in the city of Philadelphia.

To/From The streets that bound the road segment where the count location is (e.g. a count was 
taken on Spruce Street from 6th to 7th streets).

Transit Arterial This is a suburban category of stratum and represents a major or minor arterial road 
segment with surface transit.
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Table A.1: Suburban Census Tract Count Locations

Suburban Stratum Categories: 
Population density (1000s/sq. mi.)

Road density
Percentage of college students

Example: 0.1.1 would have below median pop. density, above median road 
density, and above median percentage college students

Philadelphia Stratum Categories:
Transit activity density

Percentage of college students

Example: 0.1 would have below median transit activity and above 
median percentage of college students.
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7

SE PA Pedestrian Cyclical Count Program | Project Summary
Table A.2: Philadelphia Census Tract Count Locations

Suburban Stratum Categories: 
Population density (1000s/sq. mi.)

Road density
Percentage of college students

Example: 0.1.1 would have below median pop. density, above median road 
density, and above median percentage college students

Philadelphia Stratum Categories:
Transit activity density

Percentage of college students

Example: 0.1 would have below median transit activity and above 
median percentage of college students.
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8

SE PA Pedestrian Cyclical Count Program | Project Summary
Table A.3: Higher and Lower Transit Street Count Locations

Suburban Stratum Categories: 
Population density (1000s/sq. mi.)

Road density
Percentage of college students

Example: 0.1.1 would have below median pop. density, above median road 
density, and above median percentage college students

Philadelphia Stratum Categories:
Transit activity density

Percentage of college students

Example: 0.1 would have below median transit activity and above 
median percentage of college students.
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9

SE PA Pedestrian Cyclical Count Program | Project Summary
Table A.4: Transit and Non-Transit Arterial Count Locations

Suburban Stratum Categories: 
Population density (1000s/sq. mi.)

Road density
Percentage of college students

Example: 0.1.1 would have below median pop. density, above median road 
density, and above median percentage college students

Philadelphia Stratum Categories:
Transit activity density

Percentage of college students

Example: 0.1 would have below median transit activity and above 
median percentage of college students.
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SE PA Pedestrian Cyclical Count Program | Project Summary
Table A.5: School Count Locations

Suburban Stratum Categories: 
Population density (1000s/sq. mi.)

Road density
Percentage of college students

Example: 0.1.1 would have below median pop. density, above median road 
density, and above median percentage college students

Philadelphia Stratum Categories:
Transit activity density

Percentage of college students

Example: 0.1 would have below median transit activity and above 
median percentage of college students.
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SE PA Pedestrian Cyclical Count Program | Project Summary

Suburban Stratum Categories: 
Population density (1000s/sq. mi.)

Road density
Percentage of college students

Example: 0.1.1 would have below median pop. density, above median road 
density, and above median percentage college students

Philadelphia Stratum Categories:
Transit activity density

Percentage of college students

Example: 0.1 would have below median transit activity and above 
median percentage of college students.

Table A.6: Remaining Philadelphia Locations to be Counted
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SE PA Pedestrian Cyclical Count Program | Project Summary
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Map B.4: Montgomery County Pedestrian Cyclical Count Locations
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ABSTRACT 1 
 2 
This paper discusses the design and implementation of the site selection process for the Delaware 3 
Valley Regional Planning Commission (DVRPC)’s on-street pedestrian counting program in a 4 
five-county area in Southeastern Pennsylvania. A stratified sampling scheme is used to select a 5 
representative set of 170 locations for seven-day infrared pedestrian counts, control for activity 6 
around schools and along road segments with transit service, and improve statistical rigor while 7 
maintaining a relatively small sample size. The site selection process is automated in R except 8 
for the verification of physical count locations, enhancing reproducibility and reducing the 9 
possibility of error.  10 
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INTRODUCTION 1 
 2 
Monitoring on-street pedestrian activity is a challenging task because pedestrian movements are 3 
less constrained and exhibit more granular spatial fluctuation than automobiles or bicycles. 4 
While pedestrian counts could theoretically be conducted at a nearly infinite number of locations 5 
throughout a study area, and counts at a random sample of hundreds or thousands of locations 6 
would enable a more thorough understanding of on-street pedestrian activity, the realities of 7 
limited staff time, equipment, and budget force limitations on sample size. This paper discusses 8 
the design and implementation of the Delaware Valley Regional Planning Commission 9 
(DVRPC)’s Southeastern Pennsylvania Cyclical Pedestrian Counting Program, which includes 10 
counts at 170 on-street locations that capture the breadth of pedestrian activity in the region. At 11 
the time of writing, we are in the process of conducting seven-day infrared counts with 12 
EcoCounter equipment at the selected locations. 13 

The study area for the count program includes Bucks, Chester, Delaware, Montgomery, 14 
and Philadelphia counties in Southeastern Pennsylvania. The geographic breadth of the study 15 
area and its range of land use and planning contexts—including the City of Philadelphia, 16 
suburban, and rural areas—make it difficult to select representative locations for pedestrian 17 
counts. Two key design elements, stepwise regression and stratified random sampling (SRS), 18 
reduce bias in site selection and ensure a range of contexts and types of count locations. While 19 
the site selection process is the main area of focus, we also demonstrate a method to transform 20 
point-level pedestrian counts to area-based pedestrian densities as a part of this process. 21 

This paper proceeds as follows. First, the literature review provides an overview of five 22 
site selection approaches in non-motorized counting and the lessons we learned from these 23 
approaches. The methods section discusses each step of our site selection process, including the 24 
creation of sampling strata, selection from these strata, and identification of the final counting 25 
sites. Finally, the conclusion discusses potential improvements to the program design and 26 
anticipated uses of the pedestrian counts obtained through this program. 27 
 28 
LITERATURE REVIEW 29 
 30 
Existing guidance advises that non-motorized counts should be conducted in representative 31 
locations, especially when these data are used to monitor activity trends over time. Three aspects 32 
of representativeness appear throughout the guidance: counts can be considered representative 33 
because of their spatial distribution, range of physical contexts, and expected non-motorized 34 
activity, or some combination of these. In terms of spatial distribution, representative counts are 35 
spread as evenly as possible throughout the study area (1). Counts are considered representative 36 
when conducted in a range of physical contexts, including urban, suburban, and rural settings; 37 
land use context; facility type; and socioeconomic characteristics (1,2). Lastly, counts are 38 
considered representative when they measure the average, and not the highest or lowest, non-39 
motorized activity in the study area (1,3). 40 
 Random and representative sampling are common site selection methods to ensure a 41 
representative set of count locations (1). While random selection is the most statistically rigorous 42 
approach, simple random selection may result in selecting locations where counting is 43 
impossible or there is very little pedestrian activity, resulting in volatile temporal data (2,4). 44 
Stratified random sampling is a preferred alternative to count in areas that exhibit characteristics 45 
of interest and to maintain a statistically rigorous approach that minimizes intra-group variability 46 



Larson, Boulan  4 

with a smaller sample size. However, even when counts are conducted in a representative set of 1 
locations—and the definition of “representative” depends on the researcher—there is little 2 
evidence that these estimates can be used either to create area-based estimates of non-motorized 3 
activity or to predict activity in areas where counts are not already being conducted (2-4). 4 

Non-motorized count programs must maximize representativeness with finite budgets. 5 
Below is a survey of five approaches—some proposed, others implemented—to ensure a 6 
representative set of count locations. 7 

DVRPC’s cyclical bicycle counting program is an example of purposeful sampling 8 
among predetermined characteristics of interest (5). The program was designed to monitor 9 
changes in bicycling activity over time and space by conducting seven-day pneumatic tube 10 
counts every three years at 144 locations. Count locations were selected to ensure a mixture of 11 
trail and on-road facility types and spatial distribution across the nine-county region. 12 

Jones et al.’s study of non-motorized activity in San Diego is a second example of 13 
purposeful sampling among predetermined characteristics (4). Manual peak period counts were 14 
conducted at 80 locations, including 40 existing locations and 40 new locations. These locations 15 
were purposefully selected to ensure a full range of representation across different land uses, 16 
demographic patterns, and facility types. Additional target and control sites included areas with 17 
high pedestrian crash rates, areas identified for future smart growth, and areas near transit stops 18 
and recent and planned bicycle and pedestrian facility improvements. 19 

Schneider, Arnold, and Ragland’s study of pedestrian intersection crossing volumes in 20 
Alameda County, CA is an example of purposeful selection of observations among sampling 21 
strata (6). The authors selected 50 intersections for two-hour manual counts; five infrared sensors 22 
were also rotated among 13 of these intersections for longer-term counts. Of the 50 intersections, 23 
30 of 528 possible intersections along arterials were purposefully chosen from a 27-strata 24 
classification scheme. Each intersection’s population density, median income, and proximity to 25 
commercial properties were categorized as high, medium, or low, creating 27 unique strata 26 
combinations. These three variables were selected after conducting a literature review of the 27 
correlates and drivers of pedestrian activity. The remaining 20 intersections were selected 28 
purposefully to represent neighborhoods near rapid transit stations, schools, central business 29 
districts, and intersections with trails. 30 

O’Brien et al. propose a data-driven approach to creating sampling strata (7). In 31 
Appendix B of their report on creating a non-motorized count program for a 10-county region in 32 
North Carolina, the authors describe their ideal site selection plan. The plan includes 33 
methodology for estimating pedestrian trips by census tract and regression analysis to determine 34 
the major correlates of pedestrian activity in the study area. These correlates then inform the 35 
creation of factor groups. 36 

Zhang, Jennings, and Aultman-Hall propose a method for stratified random sampling of 37 
locations along shared-use facilities (8). In their study of bicycle and pedestrian volumes along 38 
shared-use facilities in Chittenden County, Vermont, the authors divided the study area into 0.5-39 
kilometer grid cells and used K-means clustering to categorize cells with nonzero facility length 40 
into five groups based on the surrounding land use types. Though their study focused on the 41 
relationship between land use patterns and bicycle and pedestrian volumes, the authors suggest 42 
that SRS could be used to select locations for counting among each land use type. 43 

DVRPC’s approach exemplifies a common approach to achieve an even spatial 44 
distribution and a range of facility types through purposeful site selection. Jones et al. implement 45 
a similar approach while also using sampling from target and control sites. Schneider et al. 46 
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demonstrate the creation of sampling strata based on the physical context surrounding count 1 
locations. O’Brien et al. improve upon the creation of sampling strata by using regression 2 
analysis to justify the variables used to construct these strata. Lastly, Zhang et al. propose that 3 
sampling strata can be used to implement SRS in non-motorized counting activities. We 4 
implement elements of these studies in the design of the cyclical pedestrian counting program, 5 
including target and control sites, sampling strata informed by regression analysis, and SRS. 6 
 7 
METHODS 8 
 9 
Our process of selecting count locations through SRS requires several steps, including: 1) using 10 
publicly available data to estimate average daily pedestrian trips at the census tract level; 2) 11 
comparing estimated pedestrian densities to observed pedestrian densities using DVRPC’s 12 
existing pedestrian counts and testing refinements to the pedestrian estimation; 3) using the 13 
pedestrian estimation and stepwise regression to create a stratified sampling scheme that divides 14 
the region’s census tracts into meaningful sampling strata and controls for activity around 15 
schools and along road segments with transit service; and 4) selecting observations within each 16 
sampling stratum and requirements for selecting a count location. 17 
The analysis is fully automated in a series of R scripts until selecting physical sites for counting, 18 
which requires verification of count locations using aerial imagery and site selection in 19 
partnership with DVRPC’s member governments. The process is summarized below in (Figure 20 
1). 21 
 22 

 23 
 24 
Figure 1 Summary of the methods used to select pedestrian count locations using SRS. 25 
 26 
Estimate Average Daily Pedestrian Trips at the Census Tract Level 27 
 28 
To begin selecting locations, we are immediately confronted with a chicken-and-egg problem: 29 
counts are required to understand pedestrian activity in the study area, but we must understand 30 
the study area’s pedestrian activity to design an effective count program. As a starting point, we 31 
follow the methodology proposed by O’Brien et al. (7) to estimate the number of daily pedestrian 32 
trips at the census tract level. This number, though imperfect, gives a sense of the way pedestrian 33 
activity fluctuates throughout the study area. Pedestrian trips are estimated in two phases by first 34 
calculating the number of pedestrian commute trips and then adjusting the number to estimate 35 
total pedestrian trips. The pedestrian estimation formula relies entirely on publicly available data 36 
from 2012-2017 American Community Survey (ACS) 5-Year Estimates and the 2017 National 37 
Household Travel Survey (NHTS). 38 

First, ACS and NHTS data are combined to estimate the sum of one-way pedestrian trips 39 
for four population groups: employed adults, school children, college students, and people who 40 



Larson, Boulan  6 

work from home. Each census tract receives a count of the number of one-way trips made for 1 
work purposes by these four population groups. For employed adults, the count of residents who 2 
typically walk to work by census tract is available directly from the ACS. For school children, 3 
the percentage of pedestrians among respondents traveling to or from school is calculated from 4 
the NHTS; this percentage is multiplied by the estimated count of children ages 5 through 14 by 5 
census tract. For college students, the pedestrian mode share of employed adults is multiplied by 6 
the number of students enrolled in college or graduate school by census tract. Lastly, the number 7 
of residents who work from home by census tract is divided by 4, with the assumption that 25 8 
percent of people who work from home make work-related pedestrian trips. This is different 9 
from O’Brien et al. (7), who assume 50 percent of people who work from home make work-10 
related pedestrian trips; given the prevalence of suburban and rural contexts in our study area, we 11 
thought it suitable to reduce this percentage. The sum of daily one-way pedestrian commute trips 12 
made by employed adults, school children, college students, and people who work from home is 13 
an estimate of pedestrian commute trips in the study area. This sum of pedestrian commute trips 14 
is scaled up to total pedestrian trips using NHTS information on the share of commute trips 15 
among all pedestrian trips. 16 

The result is an estimate of the number of pedestrian trips, regardless of purpose, by 17 
census tract. It is a useful barometer of pedestrian activity across the region, but it has two 18 
shortcomings. 19 

First, ACS journey to work data reports workers’ origins by commute mode. This means 20 
that, for a single pedestrian respondent, only the tract where the respondent lives receives an 21 
additional estimated pedestrian. However, many people do not work in the census tract where 22 
they live; they likely cross at least one census tract boundary in order to get to their destination, 23 
and the ACS does not account for the destination tract or the tracts a pedestrian passes through 24 
on the commute. The problem of not accounting for pedestrians outside of their origin census 25 
tracts is compounded in dense areas such as Center City Philadelphia, where census tracts are 26 
smaller in size. Ironically, the neighborhoods comprised of dense and mixed-use census tracts 27 
where we expect the most pedestrian commuters are also the neighborhoods where we expect the 28 
most pedestrian commuters to not be counted using this input data and estimation method. 29 

Second, the purpose of much pedestrian activity has nothing to do with work. We rescale 30 
tract-level pedestrian commute trips by NHTS responses to obtain a sum of all pedestrian trips, 31 
but this is mathematical sleight of hand, as the rescaling applies uniformly to the study area. 32 
Non-work pedestrian trips are not uniformly distributed across the study area; they are driven by 33 
destinations such as shopping and restaurants (9). 34 
 35 
Test and Refine Pedestrian Estimation 36 
 37 
Because of the shortcomings of the pedestrian estimation, we evaluate the quality of estimated 38 
average daily pedestrian trips at the census tract level. We use inverse distance weighted (IDW) 39 
interpolation to enable comparison between existing pedestrian counts and the results of the 40 
pedestrian estimation formula, plot linear regression residuals over the study area to visualize the 41 
contexts where estimated and existing pedestrian densities converge and diverge, and test the 42 
effectiveness of refinements to the pedestrian estimation using correlation analysis. 43 
 44 
  45 
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IDW Interpolation 1 
DVRPC has conducted 981 pedestrian counts in 494 unique locations in Southeastern 2 
Pennsylvania from 2011 to 2018. All counts are seven-day infrared counts adjusted to annual 3 
average daily pedestrians (AADP) using vehicle seasonal adjustment factors. However, point-4 
level pedestrian counts are not immediately comparable to census tract-level pedestrian 5 
estimates. IDW interpolation and zonal statistics operations transform DVRPC’s point-level 6 
pedestrian counts to census-tract level pedestrian densities, enabling comparison between 7 
DVRPC’s existing counts and estimated average daily pedestrian trips. 8 

IDW creates a continuous raster surface encompassing the maximum extent of existing 9 
pedestrian counters. Each cell in the IDW raster represents the number of expected pedestrians if 10 
a count were conducted in that cell. The value of each cell in the raster is imputed from the 11 
values of all existing counts in the study area, and existing counts closer to a given cell receive 12 
more influence than counts farther away. Where 𝑑𝑑𝑥𝑥,𝑦𝑦,𝑖𝑖 is the distance between 𝑧𝑧𝑥𝑥,𝑦𝑦 and 𝑧𝑧𝑖𝑖 and -β 13 
is the inverse distance weighting power, the interpolated value 𝑧𝑧𝑥𝑥,𝑦𝑦 is calculated as in Equation 14 
1: 15 
 16 

𝑧𝑧𝑥𝑥,𝑦𝑦 =
∑ 𝑧𝑧𝑖𝑖𝑑𝑑𝑥𝑥,𝑦𝑦,𝑖𝑖

−𝛽𝛽𝑛𝑛
𝑖𝑖=1

∑ 𝑑𝑑𝑥𝑥,𝑦𝑦,𝑖𝑖
−𝛽𝛽𝑛𝑛

𝑖𝑖=1
 (1) 

 17 
To create an IDW raster of pedestrian counts, we create a grid with 100,000 evenly-sized cells 18 
that encompasses the extent of the study area. We then randomly drop a sample point in each 19 
grid cell and compute the expected count of each sample point using Equation 1. Existing count 20 
locations with multiple counts over time are assigned the mean of all counts at that location. 21 
Leave-one-out cross-validation (LOOCV) is used to select an optimal inverse distance weighting 22 
power of 1.5 (10). The resulting layer of 100,000 sample points with imputed pedestrian counts 23 
is then converted to an IDW raster of pedestrians per cell and overlaid with rasterized census 24 
tracts at the same spatial extent and resolution. Finally, the mean expected count by census tract 25 
is calculated using the zonal mean. An illustration of the computation process for two grid cells 26 
whose boundaries are coterminous with a single census tract is shown in (Figure 2). 27 



Larson, Boulan  8 

 1 
 2 
Figure 2 Simplified example of IDW interpolation. 3 
 4 

IDW interpolation is used to test the pedestrian estimation formula. It cannot substitute 5 
for the tract-level pedestrian estimations for three reasons. First, the geographical extent of 6 
DVRPC’s pedestrian counts is smaller than the study area. The maximum x- and y-extent of the 7 
pedestrian counts does not cover much of Chester and Bucks counties. Substituting the IDW 8 
raster for pedestrian estimations would require extrapolating outside the extent of the existing 9 
pedestrian counts to cover the entire study area. 10 

Second, the spatial coverage of existing pedestrian counts is uneven. A map of pedestrian 11 
count locations used to compute the IDW raster in the City of Philadelphia is shown in (Figure 12 
3). While IDW cells in Center City Philadelphia rely on the actual values of several nearby 13 
counts, many cells in the suburban counties rely on counts conducted several miles away, in 14 
physical contexts possibly quite different. 15 

Third, IDW is an exact interpolator, meaning that a sample point that intersects with an 16 
existing count location must inherit that count’s value. This method makes cell values subject to 17 
outliers; a singularly high or low count affects the value of the cell in which the count falls and 18 
all cells in its vicinity. We attempt to address outliers by excluding counts within 100 meters of a 19 
trail and with comments designating special or anomalous events. 20 
 21 
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 1 
 2 
Figure 3 Existing pedestrian count locations excluding trails in the City of Philadelphia, 3 
2011-2018. 4 
 5 
Linear Regression Residuals 6 
Each census tract has an estimated pedestrian density and an observed pedestrian density. For a 7 
given census tract, the estimated pedestrian density is the estimated number of pedestrian trips 8 
standardized by land area, and the observed pedestrian density is obtained through IDW 9 
interpolation; both are expressed as the number of pedestrians per square mile. A simple linear 10 
regression model is used to compare the fit of the estimated pedestrian density to the observed 11 
pedestrian density. 12 

While the model fit is good overall (r2 = 0.636), a map of the regression residuals 13 
indicates that the pedestrian estimation formula greatly overestimates and underestimates 14 
pedestrian densities in a handful of Center City Philadelphia census tracts (Figure 4). Census 15 
tracts with large negative residuals are areas where the estimated pedestrian density is far less 16 
than the observed pedestrian density obtained through IDW. Based on the adjacency of these 17 
tracts to the central business district, we suspect the underestimation occurs because the 18 
pedestrian estimation formula does not account for “last-mile pedestrian commuters,” those who 19 
commute into Center City Philadelphia for school or work and walk the last few blocks to their 20 
destination. In these dense, mixed-use areas, other types of trips are also likely; however, they 21 
are more difficult to approximate than “last-mile pedestrian commuters.” 22 
 23 
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 1 
 2 
Figure 4 Fit of the pedestrian estimation formula in the City of Philadelphia. 3 
 4 
Pedestrian Estimation Refinements and Correlation Analysis 5 
Given the underestimations in Center City, “last-mile pedestrian commuters” were estimated in 6 
five ways, added to the estimated average daily pedestrian trips, and compared to the observed 7 
pedestrian density obtained through IDW interpolation. The list below describes each refinement 8 
and its correlation with observed pedestrian densities in the five-county study area. 9 
  10 
1. No change: implement methodology from O’Brien et al. (7). r = 0.817. 11 
2. R1: Percentage transit commuters in the DVRPC Region * Count of Regional Rail stations in 12 
tract * Number of jobs in tract. r = 0.769. 13 
3. R2: Percentage transit commuters in the DVRPC Region * Boolean indicating presence of 14 
Regional Rail station in tract * Number of jobs in tract. r = 0.782. 15 
4. R3: Sum of station-level Regional Rail alights in tract. r = 0.429. 16 
5. R4: Use a proportionality constant between station-level Regional Rail alights and the number 17 
of jobs in the tract to infer Regional Rail alights where ridership data is missing. r = 0.480. 18 
6. R5: Same as R4, but assume that Regional Rail riders have work destinations not only in tracts 19 
containing Regional Rail stations, but also tracts that share a border with Regional Rail station 20 
tracts. r = 0.592. 21 
 22 
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The correlation between estimated and observed pedestrian densities is highest for the original 1 
pedestrian estimation. Therefore, the original pedestrian estimation is used in regression analysis, 2 
for Center City and the rest of the study area. 3 
 4 
Strata Creation 5 
 6 
Four types of sampling strata are created to ensure a representative mix of locations and contexts 7 
for pedestrian counting, including census tract strata, transit and non-transit arterials, high- and 8 
low-ridership transit street segments, and schools. Because of the differences in pedestrian 9 
activity between Philadelphia and the four suburban counties, strata are created separately for the 10 
city and the suburbs. 11 
 12 
Census Tract Sampling Strata 13 
Census tract sampling strata are comprised of census tracts differentiated by the highest 14 
correlates of pedestrian activity. These correlates are selected using stepwise regression among 15 
several demographic, land use, and transportation-related attributes of each census tract. By 16 
using regression analysis to inform the creation of our sampling strata, the region’s census tracts 17 
are grouped in a way that correlates with changes in estimated pedestrian trips. 18 

Creating a stratified random sampling scheme for census tracts requires three steps. First, 19 
a series of independent variables at the census tract level are prepared for use in regression 20 
analyses. These variables include demographic, land use, and infrastructure characteristics of 21 
each census tract. Second, stepwise regressions determine the primary correlates of pedestrian 22 
activity, where the dependent variable is the pedestrian estimation. Once the correlates are 23 
identified, they are used to group census tracts into sampling strata. Regressions are computed 24 
separately for the City of Philadelphia and the region’s suburban counties, as these are expected 25 
to have different pedestrian patterns. As a result, the City of Philadelphia and the suburban 26 
counties have separate sets of census tract sampling strata. 27 

First we prepare tract-level independent variables for regression analysis. Many 28 
independent variables require data preparation, areal interpolation, and computing densities. 29 
Details on independent variables, including descriptions and data sources, are available in (Table 30 
1). All variables are computed at the tract level, which sometimes requires aggregating point data 31 
or areal interpolation of smaller geographic units, such as blocks or Traffic Analysis Zones 32 
(TAZs), to the census tract level. These instances are noted in the Calculation column. Density-33 
based measures use two different land area calculations in the denominator. The first, waterless, 34 
excludes water from the total census tract area. The second, unprotected, excludes both water 35 
and protected land uses from the total census tract area. The denominator is noted in the Source 36 
column. 37 
  38 
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Table 1: Calculations and Source Data to Compute Independent Variables 1 
 2 
Variable Calculation Source 
Population density*‡ Persons (1,000s) per sq. mi. ACS B01003, unprotected 
Pct. enrolled in college*  ACS B14001 
Job density*‡ Jobs (1,000s) per sq. mi. LODES, unprotected 
Pct. of households below 
the Federal Poverty Level 
(FPL)* 

 ACS B17001 

Transit activity density Sum of transit boards and alights 
per sq. mi. 

SEPTA and PATCO Ridership, 
unprotected 

Sidewalk density  DVRPC Sidewalk Network, 
waterless 

Median household 
income, $1000s* 

 ACS B19013 

Pct. of zero-car 
households 

 ACS B08014 

Pct. of nonwhite residents  ACS B03002 
No. of pedestrian crashes 
in tract 

Point aggregated to tract PennDOT Crash Statistics 

Philadelphia Litter Index† Block interpolated to tract  
DVRPC Transit Score 
(11) 

TAZ interpolated to tract  

Land use mix Herfindahl-Hirschman Index / 
100 

DVRPC Land Use 

Pct. of pedestrian 
commuters 

 ACS B08111 

Sidewalk-to-road ratio Sidewalk length / road centerline 
length 

DVRPC Sidewalk Network, PA 
Centerline 

Road density* Length per sq. mi. waterless 
People density† Pop. dens. + job dens. ACS B01003, LODES 
People interaction effect† Pop. dens. * job dens. ACS B01003, LODES 
Notes * Variable proposed by O’Brien et al. (7, Appendix B) 

† Variable used only in City of Philadelphia regressions. 
‡ Variable used only in suburban counties regressions. 

 3 
Once independent variables are computed, stepwise regressions identify the strongest 4 

correlates of pedestrian activity separately in Philadelphia and the four suburban Pennsylvania 5 
counties. Some variables are highly skewed; when the skewness exceeds 1.5, the natural 6 
logarithm of the variable is used in regressions. In the City of Philadelphia, the percentage of 7 
college students and transit activity density are most highly correlated with estimated pedestrian 8 
densities. These are the two variables used to create census tract sampling strata in Philadelphia. 9 
No other variable was found to be statistically significant. Regression results are shown in 10 
(Table 2). 11 
 12 
  13 
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Table 2: Estimated Pedestrian Density by Tract, Philadelphia 1 
 2 

 ln(Estimated Pedestrian Density by Tract) 
ln(Percentage college students) 0.412*** 

(0.061) 
ln(Transit activity density) 0.562*** 

(0.042) 
Constant 3.232*** 

(0.364) 
N 370 
R2 0.423 
Adjusted R2 0.419 
Residual Std. Error 0.958 (df = 366) 
F-Statistic 89.531*** (df = 3; 366) 
Notes ***Significant at the 1 percent level. 

 3 
In the four suburban counties, the population density, percentage of college students, and 4 

road density are most highly correlated with estimated pedestrian densities. These three variables 5 
are used to create census tract sampling strata. Regression results are shown in (Table 3). 6 
 7 
Table 3: Estimated Pedestrian Density by Tract, Four Suburban Counties 8 
 9 

 ln(Estimated Pedestrian Density by Tract) 
ln(Population density) 0.846*** 

(0.037) 
ln(Percentage college students) 0.314*** 

(0.030) 
Road density 0.031*** 

(0.005) 
Constant 5.020*** 

(0.074) 
N 607 
R2 0.864 
Adjusted R2 0.864 
Residual Std. Error 0.435 (df = 603) 
F-Statistic 1281.406 (df = 3; 603) 
Notes ***Significant at the 1 percent level. 

 10 
The strongest correlates of estimated pedestrian densities in Philadelphia and the four 11 

suburban counties informed their SRS designs. In Philadelphia, there are four possible sampling 12 
strata formed by the unique combinations of the census tract’s share of college students and 13 
transit activity density classified into “high” and “low” values. For example, census tracts with 14 
an above-median percentage of college students and an above-median transit activity density fall 15 
in the HH stratum; census tracts with a below-median percentage of college students and an 16 
above-median transit activity density fall in the LH stratum. A map of the census tract sampling 17 
strata in the City of Philadelphia is shown in (Figure 5). 18 
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In the four suburban counties, there are eight possible sampling strata formed by the 1 
unique combinations of population density, the percentage of college students, and road density 2 
classified into “high” and “low” values. For example, a census tract with below-median 3 
population density, percentage of college students, and road density will fall in the LLL stratum. 4 
 5 

 6 
 7 
Figure 5 Census tract sampling strata in the City of Philadelphia. 8 
 9 
Philadelphia Transit Streets Strata 10 
In the City of Philadelphia, high- and low-ridership street segments are road segments 11 
differentiated by their levels of transit activity. Road segments within 500 feet of a bus, trolley, 12 
or heavy rail stop or station are eligible for consideration as “transit streets,” and each road 13 
segment receives the sum of transit ridership in the surrounding area. A road segment is 14 
considered high-ridership if its aggregated boards and alights are above the median of 15 
Philadelphia’s road segments with transit service; otherwise, it is a low-ridership segment. These 16 
sampling strata capture differences in pedestrian activity between road segments with high or 17 
low boards and alights. They also serve as a proxy for corridors with more or less destinations in 18 
the city, including shopping and schools. 19 
 20 
Suburban Transit Arterial Strata 21 
Transit arterial strata are road segments differentiated by the presence or absence of surface 22 
transit service (bus and trolley). It is expected that transit service drives pedestrian activity at a 23 
spatial level more granular than the census tract. For example, a pedestrian counter placed along 24 
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a road segment with a trolley station is expected to have more pedestrian activity than a road 1 
segment one block away with no transit service, all else held equal. Transit arterials are major 2 
and minor arterial segments with at least one transit stop within 0.25 miles; non-transit arterials 3 
are arterial segments farther than 0.25 miles from the nearest transit stop. Arterial segments must 4 
have sidewalk on at least one side of the road to be eligible for consideration. This strata also 5 
seeks to measure activity in mixed use or commercial corridors in the suburbs, as these are most 6 
commonly located on arterials and may have different pedestrian patterns than other land uses. 7 
 8 
Suburban School Stratum 9 
The school sampling stratum is created only for the suburban counties. Similar to transit arterials, 10 
elementary and middle schools are expected to drive local pedestrian activity. The school stratum 11 
is comprised of 2013 public schools serving students in any of the grades K through 8, including 12 
charter and magnet schools. Data was obtained from the National Center of Education Statistics. 13 
Each school is buffered by 0.25 miles to encompass the school grounds and access streets. 14 
         There is no school stratum for the City of Philadelphia. Because school children use the 15 
local public transport system to commute to and from school, we already control for some 16 
activity using the transit streets strata. 17 
 18 
Selection of Count Locations 19 
 20 
Because the selection process in the City of Philadelphia is ongoing, this section focuses on the 21 
process of selecting counts among sampling strata in the four suburban counties. In the suburban 22 
counties, there are 11 total sampling strata, including eight census tract sampling strata, transit 23 
and non-transit arterial sampling strata, and a school sampling stratum. We select 10 counts per 24 
stratum for a total of 110 counts. 25 

The site selection process includes two major steps. First, census tracts, arterial segments, 26 
and schools are randomly selected from among their sampling strata. Then, the physical 27 
attributes of each selected observation are individually inspected to identify a suitable location 28 
for pedestrian counting. This section provides an overview of these two major steps. 29 
 30 
Random Selection 31 
Davis and Wicklatz advise that each sampling stratum should have a minimum of 10 counts and 32 
that each geographic subarea of the study area should have at least three counts per stratum (12). 33 
We select 10 counts per stratum across a four-county study area. Ideally, we would have a 34 
minimum of 12 counts per stratum so that each county has at least three observations. Because of 35 
the limited number of counts, we seek to maximize geographic representativeness by ensuring a 36 
roughly equal distribution of counts in each stratum across the study area. 37 
         We first allocate 80 total census tract counts from the eight census tract sampling strata. 38 
Among census tracts with nonzero sidewalk length, two census tracts are randomly selected per 39 
stratum per county, for a total of 64 counts (2 counts * 8 strata * 4 counties = 64 counts). This 40 
leaves 16 unassigned counts. A “pool” of unassigned counts is created, and selection from the 41 
pool will be discussed later. Delaware County has 0 LLH observations, so its two census tract 42 
counts for this strata are placed in the pool as well. Therefore, the pool includes 18 total counts 43 
(2 counts * 8 strata + 2 LLH counts = 18 counts). 44 
         Among the transit and non-transit arterial strata, 10 counts of each stratum are allocated 45 
as evenly as possible among the underlying census tract strata. Because our eight census tract 46 
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strata have been demonstrated through regression analysis to correlate with changes in estimated 1 
pedestrian activity, allocating transit and non-transit arterial counts evenly among the census 2 
tract strata is a way to test whether pedestrian activity is different along transit versus non-transit 3 
arterials, regardless of the census tract characteristics. 16 of 20 counts are randomly selected (1 4 
count * 2 arterial strata * 8 census tract strata = 16 counts), and the remaining two counts per 5 
stratum are placed into the pool. 6 
The 10 counts of the school sampling stratum are distributed as evenly as possible among the 7 
underlying census tract strata, for a total of 8 of 10 total school counts (1 count * 8 strata = 8 8 
counts). The decision to allocate schools evenly among the census tract sampling strata follows 9 
the logic of the transit and non-transit arterial sampling strata. The remaining two counts are 10 
placed into the pool. 11 
The pool includes 24 unassigned counts. The remaining counts are allocated to reflect the 12 
composition of the four suburban counties. For example, LLL census tracts comprise 27% of 13 
Bucks, 52% of Chester, 7% of Delaware, and 26% of Montgomery County census tracts. The 14 
remaining LLL counts in the pool are randomly selected from Bucks and Chester Counties. A 15 
sample map of selected census tracts, arterial segments, and schools in Delaware County is 16 
shown in (Figure 6). Note that selected arterial segments have been buffered to enhance 17 
visibility. 18 
 19 

 20 
 21 
Figure 6 Selected Census tracts, arterial segments, and schools in Delaware County. 22 
 23 
Verifying Site Eligibility 24 
After SRS to select observations from the census tract sampling strata, we contacted the planning 25 
departments of each suburban county with maps of the selected census tracts and guidelines for 26 
site selection. For suburban counties, these guidelines included that count locations must have 27 
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sidewalk along at least one side of the street; cannot be on census tract boundaries; and cannot be 1 
along major or minor arterials or within the 0.25-mile school buffers, as we have created strata 2 
for arterials and schools. Each of these counties responded with a set of physical count locations 3 
within the selected census tracts. 4 

Some randomly selected observations appear to have no suitable locations for counting. 5 
For example, Census Tract 42045405000 in Chester City had several schools and the Chester 6 
Transportation Center; the prevalence of schools erased much of the tract’s eligible land area, 7 
and the remaining areas around the Chester Transportation Center could not be considered 8 
representative of the tract’s pedestrian activity as a whole. In Census Tract 42045407000 in 9 
Chester Heights borough, the only suitable count location was inside a private apartment 10 
complex; it would be difficult to obtain permission to conduct a count in this location, and the 11 
count would likely only capture pedestrian patterns within the complex. These observations were 12 
replaced with other randomly selected observations in the same sampling strata within Chester 13 
County. 14 

As for transit arterials, non-transit arterials, and schools, we selected the physical count 15 
locations from the randomly selected observations. The requirements for selecting a physical 16 
count location include: sidewalk on at least one side of the selected arterial segment; a fixed 17 
object on which to securely fasten the infrared pedestrian counting equipment pointing away 18 
from the road; reasonable distance away from places where people might be “milling about,” e.g. 19 
a bench along a downtown street or mailboxes; and nearest the bus stop with highest ridership if 20 
the transit arterial segment contains multiple bus stops. 21 
 22 
CONCLUSION 23 
 24 
The goal of the site selection process of DVRPC’s SE Pennsylvania Cyclical Pedestrian 25 
Counting Program was to maximize the representativeness of on-street pedestrian count 26 
locations while minimizing bias. Our site selection process has accomplished this goal through 27 
stepwise regression and SRS, and counts are currently being conducted in the four suburban 28 
counties of the study area at the time of writing. We also minimize bias and maximize 29 
reproducibility by automating all steps of the site selection process in R except the verification of 30 
count locations. 31 

Two unique elements of our site selection process are the pedestrian estimation formula 32 
adapted from O’Brien et al (7), which enables the creation of census tract-level estimates of 33 
pedestrian trips where counts are unavailable; and inverse distance weighted interpolation of 34 
existing counts, which allows rudimentary area-based estimates to be approximated from point-35 
level counts. Both of these elements are worth highlighting for their potential applications 36 
outside of site selection in a pedestrian count program. 37 

In the future, we will be able to assess the representativeness of our site selection process 38 
using the counts collected from this program. For example, the sampling strata could be 39 
evaluated through a cluster analysis of all counts. If the sampling strata and the resulting clusters 40 
are similar, this may indicate that the sampling strata represent different pedestrian activity 41 
patterns. These results might then be used to extrapolate on-street pedestrian patterns to other 42 
locations where counts have not yet been conducted. 43 

That said, there are opportunities for improvement in the design of this site selection 44 
process. While SRS of census tracts is good in that it allows member governments to become 45 
involved in the site selection process and the pedestrian count program more generally, it also 46 
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increases the chances of biased site selection, as many census tracts have several eligible areas to 1 
conduct a pedestrian count. SRS of eligible road segments would reduce the potential for bias in 2 
site selection and enable us to consider road functional classification aside from major and minor 3 
arterials. 4 

Our IDW interpolation method did not include any distance constraint. This means that 5 
the value assigned to a given grid cell of the 100,000 grid cells in the study area depended on the 6 
values of all on-street pedestrian counts in the region. It would be preferable to add a distance 7 
constraint so that the values of grid cells not within a reasonable distance of an existing count are 8 
not predicted. While this would reduce the number of census tracts to compare observed and 9 
estimated pedestrian densities, the results would likely be more realistic. 10 

IDW interpolation is used in this study because it is easy to implement, and it would 11 
likely be difficult to fit a semivariogram to existing pedestrian counts given the paucity of 12 
available data. However, if a study area already has several existing counts, then kriging can be 13 
used to fit a model directly to existing counts. In their tests of ordinary and universal kriging 14 
versus IDW interpolation, Zimmerman et al. find that kriging performs better than IDW 15 
interpolation on irregular surfaces and when sample points are less uniformly distributed (13)—16 
both of which are expected attributes of non-motorized count data. The applications of ordinary 17 
kriging have been previously demonstrated by Wang and Kockelman in their spatial 18 
interpolation of vehicle counts along Texas highways (14). A regression-kriging approach would 19 
combine regression with ordinary kriging and potentially enable the creation of sampling strata 20 
without needing to estimate pedestrians at the census tract level (15). 21 

IDW interpolation and kriging incorporate the distance between observations in 22 
calculation; we use straight-line distances in this paper. It would be preferable to incorporate 23 
network distance into future approaches, as demonstrated by Okabe and Sugihara for both IDW 24 
interpolation and kriging (16). 25 
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