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Abstract

Purpose. This article describes a unique effort underway in San Diego County to establish a
regional nonmotorized data collection system in support of long-range planning for bicycle and
pedestrian systems, and physical activity promotion and monitoring.

Design. Case study of a novel approach to siting a regional active travel data collection
program.

Setting. San Diego County, California.
Subjects. None.
Intervention. Installation of 54 automated bicycle and pedestrian counting units at 35 sites

across San Diego County.
Measures. Equipment siting criteria including population density, employment density,

median household income, planned bicycle network, and planned land uses.
Analysis. Mapping, stakeholder input, site visits.
Results. A comprehensive network of 76 sites identified and proposed for long-range

implementation.
Conclusion. This research establishes a siting methodology that holds promise for replication

in other regions. San Diego’s counting program is one of the most comprehensive automated
data collection systems of any region in the United States. (Am J Health Promot 2014;28[3s]:
S104–S111.)

Key Words: Physical Activity, Walking, Bicycling, Observation, Prevention
Research. Manuscript format: research brief report; Research purpose: describe an
active travel data collection system; Study design: descriptive; Outcome measure:
none; Setting: San Diego County; Health focus: physical activity through walking and
cycling; Strategy: installation of a regional network of automated bicycle and
pedestrian counters; Target population age: all; Target population circumstances: all

PURPOSE

This article describes a regional
active travel monitoring program that
serves as both public health interven-
tion and as a benefit to local and
regional planning agencies responsible
for planning and funding transporta-
tion projects. In particular, the article
describes one region’s efforts to link
active transportation data collection
and performance monitoring to re-
gional transportation planning by es-
tablishing a network of automated
bicycle and pedestrian count stations
along the planned regional bicycle
network, as recently adopted in the San
Diego Association of Governments
(SANDAG) 2050 Regional Transporta-
tion Plan (RTP). Transportation agen-
cies lack data about cycling and
walking, often undercount active travel
modes, and consequently are not well
positioned to promote real changes in
the built environment that can support
travel by nonmotorized modes. With-
out demonstrating sufficient need for
bicycle and pedestrian facilities, these
types of investments are likely to be
underfunded. The count station siting
methodology used a multistep process
including (1) consideration of existing
and planned bicycle networks and land
uses, (2) input from local and regional
agency staff, and (3) stratified sam-
pling of the regional bicycle network
where count equipment would be
sited. This article documents the siting
strategy in order to facilitate and
encourage replication in other regions.
While some local agencies collect
nonmotorized travel data on a routine
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basis, these efforts are often organized
and performed by volunteers and
advocacy groups. While commendable,
it reflects a persistent marginalization
of bicycle and pedestrian planning and
analysis, which mirrors how these
modes are not well positioned to
compete for space or funding within
the context of automobile-dominated
transportation systems.1

METHODS

Planning and implementation of the
San Diego counting program grew out
of collaboration between the County of
San Diego Health and Human Services
Agency (HHSA) chronic disease staff,
San Diego State University (SDSU) city
planning researchers, and SANDAG
transportation planning professionals.
The multidimensional, multidisciplin-
ary effort created a critical foundation
of funding availability, methodologic rigor,
and connection to mainstream planning
and programming. Each of these facets is
necessary for establishing a viable
nonmotorized counting program.

This unique collaboration in San
Diego was sparked by funding received
by the San Diego HHSA from the
Center for Disease Control and Pre-
vention through a Communities Put-
ting Prevention to Work grant. A key
justification for the successful grant
application stemmed from arguments
that the effectiveness of physical activ-
ity interventions, especially related to
planning for bicycle and pedestrian
travel, cannot be understood unless
there is systematic measurement of
cycling and walking. This monitoring
program offered a comprehensive and
novel approach to physical activity
measurement. The collaboration also
formed rather easily since county,
SDSU, and SANDAG staff were familiar
with each other’s expertise through
work on prior projects.

The following subsections describe
criteria for selecting the count equip-
ment vendor, as well as methods for
selecting installation sites across the
San Diego region.

Equipment Selection
The project team conducted a

review of available bicycle and pedes-
trian count technology through In-
ternet searches, contacts with bicycle

and pedestrian professionals from
other regions, and discussions with
vendors. Ultimately, Eco-Counter
equipment (Lannion, France) was
selected on the basis of three criteria:
(1) automated upload and transfer of
the count data to a Web-based server,
which precludes the need to conduct

field visits for data uploads, (2) capa-
bility to count in-street cyclists and
distinguish them from automobiles,
and (3) previous research showing
relatively high levels of accuracy.2,3

Three products were purchased from
Eco-Counter: the Zelt, the Pyro, and
the Eco-Multi. Each of these technol-

Figure 1

San Diego Regional Bicycle Network (2050 Riding to the Future)*

* Designing and Implementing a Regional Active Transportation Monitoring Program
through a County-MPO-University Collaboration.
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ogies records counts at 15-minute
intervals and the data are uploaded
daily via modem to a Web-based
server. The Zelt is used for in-street
bicycle counting; the Pyro for pedes-
trian counting, and the Eco-Multi is
used for bicycle and pedestrian
counting on separated paths. The Zelt
and Eco-Multi are installed perma-
nently, collecting continuous, 24-hour
data. The Pyro also collects continu-
ous, 24-hour data, but is mobile.

Siting a Network of Count Stations
The researchers developed a pro-

posed siting methodology and vetted it
with SANDAG and County HHSA staff,
as well as SANDAG’s Bicycle and
Pedestrian Working Group consisting
of representatives from local advocacy
groups, the 18 local incorporated
municipalities, and the California De-
partment of Transportation (Caltrans).
The final siting criteria focused on
three key features: (1) consideration of
existing and planned bicycle networks
and land uses, as adopted in the 2050
RTP and the 2004 Regional Compre-
hensive Plan (RCP); (2) input from
local and regional agency staff; and (3)
stratified sampling based on popula-
tion density, employment density, and
median household income along the
regional bicycle network where count
equipment would be sited. Each of
these siting criteria is discussed below.

SANDAG’s RTP designates a regional
bicycle network consisting of 40 corri-
dors that, when implemented, will
provide strong regional coverage and
connectivity through a ‘‘regionally pri-
oritized’’ bicycle network. Figure 1
shows SANDAG’s planned network of
regional bikeways, which serves to
focus SANDAG’s funding for bicycle
infrastructure investments. The SAN-
DAG Board of Directors has pro-
grammed $13.5 million toward
implementation of the highest-priority
bicycle corridors. Siting the network of
count stations along this existing and
planned bicycle network will allow the
region to understand how implemen-
tation of this plan affects cycling levels
over time.

SANDAG’s 2004 RCP identifies and
characterizes seven types of Smart
Growth Opportunity Areas ranging
from the metropolitan center to rural
villages. To the extent possible, siting

count stations within these areas was
pursued to support understanding how
implementation of mixed use, high-
density developments can affect walk-
ing and cycling rates over time.

Proportionate stratified sampling was
used to identify a sample of locations
where automated bicycle count equip-
ment would be installed. The overall
aim of the sampling approach was to

Figure 2

Combined Bicycle Facility Network Lines and Resulting Intersection Nodes Used

for Buffering and Defining Strata*

* Designing and Implementing a Regional Active Transportation Monitoring Program
through a County-MPO-University Collaboration.

Figure 3

Population Density, Employment Density, and Income Levels for the 27 Strata
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Figure 5

Fit Between Strata for Combined Bicycle Network and 76 Count Sites

Figure 4

Strata Distribution for Total Bicycle Network and for 76 Counts Sites
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ensure selection of a sample of count
sites that would be representative of the
bicycle network in terms of factors that
can likely influence the demand for
travel—population density, employ-
ment density, and household income.
This technique has been applied by
previous researchers to select a sample
of intersections for collecting manual
pedestrian counts that could then be
used to estimate pedestrian volume
models.4 In this previous research, the
population of sites was defined as all
intersections within the study area. For
the current study, the population of
sites is defined as all segments of a
combined network of existing bicycle
facility and proposed/unbuilt regional
bicycle network. Segments of this com-
bined network are defined by intersec-
tions along the network. Intersection
nodes (i.e., where the combined bicycle
facility network and streets intersect)
were buffered and used as the unit of
analysis for strata development. To
ensure accurate determination of in-
tersection node locations, the line
segments of the combined network
were dissolved into one feature and
resplit through the planarize lines tool

Figure 6

Strata Distribution for Combined Bicycle Network and for 35 Count Sites

Figure 7

Fit Between Strata for Combined Bicycle Network and 35 Count Sites
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in GIS (ESRI, Redlands, California).
There was a total of 10,230 intersection
nodes identified across the entire com-
bined bicycle network for the County of
San Diego. Each intersection node was
buffered using a ¼-mile buffer. This ¼-
mile buffer served as the unit of analysis
for developing sampling strata from
census geography and data.

Figure 2 displays the combined
bicycle network lines and intersection
nodes used for buffering and to
calculate sampling strata along the
combined bicycle network.

Twenty-seven population strata were
defined by using three indicators
(population density, employment den-
sity, and median household income)
believed to influence the demand for
cycling.5 The three indicators were
classified into three categories (high,
medium, and low) defined by 6.5

Table 2
Distribution of Strata for Total Combined Bicycle Network, Phase I and Phase II Sites

Strata
Strata

Definition

Intersection
Node Count

by Strata
(Total Combined
Bicycle Network)

Strata
Distribution for

Combined
Bicycle

Network, %

Phase I
Count Stations

by Strata

Strata
Distribution for

35 Count Sites, %

Proposed
Additional

Count Stations
by Strata
(Phase II)

Phase II
Total Count

Stations

Strata
Distribution
for 76 Count

Sites, %

1 P1I1E1 149 1.46 1 2.78 1 1.32

2 P1I1E2 104 1.02 1 2.78 1 1.32

3 P1I1E3 103 1.01 2 5.56 2 2.63

4 P1I2E1 2501 24.45 6 16.67 12 18 23.68

5 P1I2E2 329 3.22 2 5.56 2 2.63

6 P1I2E3 160 1.56 2 5.56 2 2.63

7 P1I3E1 803 7.85 1 2.78 4 5 6.58

8 P1I3E2 92 0.90 1 2.78 1 1.32

9 P1I3E3 24 0.23 0 0.00 1 1 1.32

10 P2I1E1 339 3.31 3 8.33 3 3.95

11 P2I1E2 249 2.43 0 0.00 1 1 1.32

12 P2I1E3 80 0.78 0 0.00 1 1 1.32

13 P2I2E1 2226 21.76 2 5.56 14 16 21.05

14 P2I2E2 601 5.87 6 16.67 6 7.89

15 P2I2E3 249 2.43 1 2.78 1 2 2.63

16 P2I3E1 194 1.90 0 0.00 1 1 1.32

17 P2I3E2 12 0.12 0 0.00 1 1 1.32

18 P2I3E3 0 0.00 0 0.00 0 0.00

19 P3I1E1 413 4.04 2 5.56 2 2.63

20 P3I1E2 313 3.06 1 2.78 1 1.32

21 P3I1E3 204 1.99 4 11.11 4 5.26

22 P3I2E1 384 3.75 1 2.78 1 1.32

23 P3I2E2 543 5.31 0 0.00 3 3 3.95

24 P3I2E3 158 1.54 0 0.00 1 1 1.32

25 P3I3E1 0 0.00 0 0.00 1 0 0.00

26 P3I3E2 0 0.00 0 0.00 0 0.00

27 P3I3E3 0 0.00 0 0.00 0 0.00

10,230 1 36 41 76

Table 1
Definitions of Sampling Strata*

Category Range Breaks Standard Deviation Range

Population density

High 3 Greater than 15.51 persons per acre þ0.5 and above

Medium 2 6.515–15.51 persons per acre �0.5 and þ0.5

Low 1 Fewer than 6.51 persons per acre Below �0.5

Employment density

High 3 Greater than 8.10 jobs per acre þ0.5 and above

Medium 2 3.39–8.10 jobs per acre 0 and þ0.5

Low 1 Fewer than 3.39 jobs per acre Below 0 (below mean)

Median income

High 3 Greater than $81,225 þ0.5 and above

Medium 2 $36,758–$81,225 �0.5 and þ0.5

Low 1 Less than $36,758 Below �0.5

* Source: U.S. Census Bureau (2010). Data by census tract for year 2010 downloaded at the
following American Fact Finder page: http://factfinder.census.gov/home/saff/main.html?_lang¼en.
U.S. Census Bureau Longitudinal Employer-Household Dynamics (LEHD), 2009. Data by census
block for year 2009 downloaded at the following source: http://lehd.did.census.gov/led/, from ‘‘On the
Map’’ application (http://lehdmap.did.census.gov/.)
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standard deviation from the mean
census tract value for each indicator.

Table 1 shows the sampling strata
definitions for population density, em-
ployment density, and medium house-
hold income. Figure 3 shows the
population density, employment den-
sity, and household income categories
for the 27 strata.

Sampling strata by census tract were
apportioned to the ¼-mile bicycle net-
work buffers. In total, a network of
approximately 76 count stations was
identified and recommended for even-
tual on-going bicycle and pedestrian
counting. These locations provided a
strong match with the siting criteria and
were well distributed across the region.
Table 2 displays a comparison of the
strata for the total combined bicycle
network, and phase I and II count sites.

Figures 4 and 5 illustrate how the
sampling strata match between the
identified 76 counting sites (Phase I
and Phase II) and the population of
combined bicycle network intersection
nodes.

Given the budget for this current
research effort, only a subset of loca-
tions from the 76 count stations could
be selected for implementation. Ap-
proximately 45 locations were initially
selected and visited in the field for
viability; these 45 were narrowed to a
set of 35 locations to fit within the
project budget. The subset of 35 sites
was generally chosen by using the
sampling strata, a strong geographic
distribution across the region, and
local agency preference.

Figures 6 and 7 illustrate the fit
between the sampling strata associated
with the total combined bicycle net-
work and the 35 sites. Although this fit
is somewhat low, especially relative to
that provided by the 76 sites, expand-
ing the system of counters over time
will allow for selection of additional
sites that improve the fit between the
count stations and the overall bicycle
network.

Figure 8 depicts the final 35 sites for
installation of automated counting
equipment.

DISCUSSION

The installation of automated
counting equipment required hiring a

construction contractor and obtaining
encroachment permits from each of
the local jurisdictions where equip-
ment would be installed. Once the

encroachment permits were obtained,
the contractor performed the installa-
tion. The count equipment was in-
stalled in a total of 14 local

Figure 8

Final Set of 35 Automated Count Site Locations
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jurisdictions in San Diego County,
which required the research team to
work with 14 different jurisdictions on
permitting applications. In general,
the installed equipment needs ongo-
ing monitoring to check for continued
operations, damaged loops, and bat-
tery life.

Since February 2011 several of the
automated count equipment units
have been installed. In addition, the
data can be accessed by project staff at
Eco-Counters Web site via their soft-
ware called Eco-Visio.

A training for SANDAG and HHSA
staff was conducted in March 2012 to
introduce key team members to the
Eco-Visio software and to view some of
the preliminary data being collected by
the count equipment. San Diego State
University staff is also working to
establish a research center that will
serve as a data clearinghouse for the
bicycle and pedestrian count data. The
proposed research center will work
with SANDAG staff to disseminate
bicycle and pedestrian count data to
jurisdictions for planning purposes, as
well as to support consideration of

bicycle and pedestrian users in all
planning and design efforts.
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SO WHAT? Implications for
Heath Promotion Practitioners
and Researchers
What is already known on this topic?

Health promotion practitioners and
researchers understand that physical
activity obtained through nonmotor-
ized utilitarian and recreational travel
holds excellent promise for improving
community health. There is a well-
documented lack of active travel data
collection. Several regions across the
county are making headway in setting
up regional networks of automated
bicycle and pedestrian data collection
systems; however, these systems remain
sparse, underfunded, and not compre-
hensively planned from their initiation.
What does this article add?

This article proposes a framework for
establishing a comprehensive, regional
nonmotorized data collection system
that provides linkages to planned
changes in the built environment, as
well as enhances transportation plan-
ners’ ability to estimate nonmotorized
travel demands through the proposed
approach to sampling count sites. The
San Diego case reflects one of the first
regions to launch a well-funded count-
ing program where multiple units were
purchased and installed, rather than
growing slowly over time. The scale of
this project set the stage for developing
a comprehensive methodology for sit-
ing the count equipment across the
region. In regions where funding is not
available to launch a significant pro-
gram upfront, the methodology de-
scribed in this article should be used to
develop a comprehensive planned net-
work of count stations, then use funds
as available to purchase and install
equipment at the defined sites.
What are the implications for health
promotion practice or research?

The design and implementation of
this regional active transportation mon-
itoring program reflect the synergy and
positive outcome that can be achieved
when public health professionals, plan-
ning professionals, and academic re-
searchers collaborate to enhance our
understanding of active travel. The
multidisciplinary approach was neces-
sary to spearhead innovation grounded
in ongoing regional transportation and
land use planning and programs. The
data will support trend analysis, before-
after analysis, and overall monitoring of
active travel impacts resulting from
implementation of SANDAG’s regional
bicycle network and smart growth land
development projects.
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