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Abstract

Understanding Sustainable Transportation Choices:
Shifting Routine Automobile Travel to Walking and Bicycling

by
Robert James Schneider
Doctor of Philosophy in City and Regional Planning
University of California, Berkeley

Professor Robert Cervero, Chair

In the two decades since the United States Congress passed the federal Intermodal Surface
Transportation Efficiency Act, there has been a surge of interest in making urban transportation
systems more sustainable. Many agencies, representing all levels of government, have searched
for strategies to reduce private automobile use, including policies to shift local driving to
pedestrian and bicycle modes. Progress has been made in a number of communities, but the
automobile remains the dominant mode of transportation in all metropolitan regions.

Sustainable transportation advocates are especially interested in routine travel, such as shopping
and other errands, because it tends to be done frequently and for distances that could be covered
realistically by walking or bicycling. According to the 2009 National Household Travel Survey,
Americans made more trips for shopping than for any other purpose, including commuting to
and from work. One-third of these shopping trips were shorter than two miles (3.2 km).
However, 76% of these short shopping trips were made by automobile, while only 21% were
made by walking and 1% by bicycling.

In order to identify effective strategies to change travel behavior, practitioners need a greater
understanding of why people choose certain modes for routine travel. Choosing to walk or
bicycle rather than travel by automobile may help individuals get exercise, save money, interact
with neighbors, and reduce tailpipe emissions. Yet, in some communities, non-motorized modes
may also require more time and physical effort to run a series of errands, be less convenient for
carrying packages and traveling in bad weather, and be perceived as having a higher risk of
traffic crashes or street crime than driving.

A mixed-methods approach was used to develop a more complete understanding of factors that
are associated with walking or bicycling rather than driving for routine travel. An intercept
survey was implemented to gather travel data from 1,003 customers at retail pharmacy stores in
20 San Francisco Bay Area neighborhoods in fall 2009. Follow-up interviews were conducted
with 26 survey participants in spring and summer 2010 to gain a deeper understanding of factors
that influenced their transportation decisions.



The methodological approach makes several contributions to the body of research on sustainable
transportation. For example, the study:

e Explored multiple categories of factors that may be associated with walking and
bicycling, including travel, socioeconomic, attitude, perception, and shopping district
characteristics. Few studies of pedestrian or bicycle mode choices have included all of
these categories of factors. Statistical models showed that variables in all categories had
significant associations with mode choice.

¢ Documented and analyzed short pedestrian movements, such as from a parking space to a
store entrance or from a bus stop to home. These detailed data provided a greater
understanding of pedestrian activity than traditional travel survey analyses. Walking was
used as the primary mode for 65% of respondent trips between stops within shopping
districts, and 52% of all respondents walked along a street or between stops at some time
between leaving and returning home. Maps of respondent pedestrian path density
revealed distinct pedestrian activity patterns in different types of shopping districts.

e Used four different approaches to capture participant travel mode information.
Respondents reported the primary mode of transportation they were using on the day of
the survey, the mode they typically used, and all modes that they would consider using to
travel to the survey store. They also mapped all stops on their tour and said what modes
they used between each stop. These four approaches revealed nuanced travel habits and
made it possible to correct inaccuracies in self-reported primary travel mode data.

e Measured and tested fine-grained local environment variables in shopping districts rather
than around respondents’ homes. These variables characterized the shopping district area
(e.g., sidewalks, bicycle facilities, metered parking, and tree canopy coverage), the main
commercial roadway (e.g., posted speed limit, number of automobile lanes, and
pedestrian crossing distance), and the survey store site (e.g., number of automobile and
bicycle parking spaces and distance from the public sidewalk to the store entrance). This
dissertation adds to the small number of studies that have explored how the
characteristics of activity destinations are related to travel behavior.

The study results contribute to the body of knowledge about factors that may encourage people
to shift routine travel from automobile to pedestrian or bicycle modes. After controlling for
travel factors such as time and cost, socioeconomic characteristics, and individual attitudes,
mixed logit models showed that automobile use was negatively associated with higher
employment density, smaller parking lots, and metered on-street parking in the shopping district.
Walking was positively associated with higher population density, more street tree canopy
coverage, lower speed limits, and fewer commercial driveway crossings. The exploratory
analysis of a small number of bicycle tours found that bicycling was associated with more
extensive bicycle facility networks and more bicycle parking. However, people were more likely
to drive when they perceived a high risk of crime.

Results also suggest the magnitude of mode shifts that could occur if short- and long-term land
use and transportation system changes were made to each study shopping district. The mode
choice model representing travel only to and from the study shopping districts (N = 388) was
used to estimate respondent mode shares under the following three scenarios: 1) double
population and employment densities in each study shopping district, 2) double street tree
canopy coverage in each study shopping district, and 3) eliminate half of the automobile parking



spaces at the survey store. Based on the model, the combination of these three changes could
increase pedestrian mode share among the 388 sample respondents from 43% to 61% and
decrease automobile mode share from 50% to 31%. This shift could eliminate 129 (13%) of the
983 respondent vehicle miles traveled (208 of the 1,580 respondent vehicle kilometers traveled),
and 110 (36%) of the 308 times respondents parked their automobiles in the shopping district.

The mode choice model of walking versus driving within survey shopping districts (N = 286)
was used to test the combination of the following scenarios: 1) cluster separated stores around
shared parking lots, 2) consolidate commercial driveways so that there are half as many
driveway crossings along the main commercial roadway, 3) reduce all main commercial roadway
speed limits to 25 miles per hour (40 kilometers per hour), and 4) install metered parking in all
shopping districts. These changes could increase the percentage of the 286 sample respondents
walking between shopping district activities from 32% to 54%. This shift could eliminate 29
(38%) of the 76 respondent vehicle miles traveled (47 of the 122 respondent vehicle kilometers
traveled), and 105 (22%) of the 469 times respondents parked their automobiles in the shopping
district. Note that these forecasted mode shifts are illustrative examples based on cross-sectional
data and do not account for the process of modifying travel behavior habits.

Qualitative interviews provided a foundation for a proposed Theory of Routine Mode Choice
Decisions. This five-step theory also drew from survey results and other mode choice theories in
the transportation and psychology fields. The first step, 1) awareness and availability,
determines which modes are viewed as possible choices for routine travel. The next three steps,
2) basic safety and security, 3) convenience and cost, and 4) enjoyment, assess situational
tradeoffs between modes in the choice set and are supported by many of the statistically-
significant factors in the mode choice models. The final step, 5) habit, reinforces previous
choices and closes the decision process loop. Socioeconomic characteristics explain differences
in how individuals view each step in the process. Understanding each step in the mode choice
decision process can help planners, designers, engineers, and other policy-makers implement a
comprehensive set of strategies that may be able to shift routine automobile travel to pedestrian
and bicycle modes.
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EXECUTIVE SUMMARY

In the two decades since the United States Congress passed the federal Intermodal Surface
Transportation Efficiency Act, there has been a surge of interest in making urban transportation
systems more sustainable. Many agencies, representing all levels of government, have searched
for strategies to reduce private automobile use, including policies to shift local driving to
pedestrian or bicycle modes. As of January 2011, 23 states and more than 150 local and regional
governments had established official policies to improve pedestrian and bicycle conditions as a
part of all transportation plans and projects (Complete Streets Coalition 2011).

Communities have viewed pedestrian and bicycle modes as a substitute for automobile travel and
as a means to provide emissions-free mobility for people of all incomes and abilities, decrease
reliance on fossil fuels, use public infrastructure and space efficiently, reduce long-term
transportation system maintenance costs, create enjoyable streets and public spaces, and provide
physical activity and opportunities for social interaction. Progress has been made in a number of
communities, but pedestrian and bicycle planning efforts in the United States have not resulted in
broad modal shifts. The private motor vehicle accounts for 83% of all trips and is the most
common transportation mode used in every metropolitan region. Nationally, only 11% of trips
are made by walking and 1.0% by bicycling (Federal Highway Administration 2009). By
comparison, more than 20% of all trips in the United Kingdom, Germany, and Sweden are made
on foot, and 15% of all trips in Denmark and 25% of all trips in the Netherlands are made by
bicycle (Basset et al. 2008).

In order to identify planning, engineering, and design strategies that may encourage shifts from
automobile to pedestrian or bicycle transportation, there is a need to recognize what motivates
people to walk and bicycle. This includes understanding specific individual, travel, and
neighborhood environment factors associated with walking or bicycling rather than driving. It
also involves comprehending the thought process people use to select modes for routine travel
purposes.

PURPOSE, DEFINITIONS, RESEARCH QUESTION, AND CONCEPTUAL
FRAMEWORK

The Introduction (Chapter 1) provides an overview of the purpose of this dissertation, key
definitions, the primary research question and subquestions, and conceptual framework used for
data collection and analysis.

Purpose
The main purpose of this dissertation is to provide urban planners with a greater understanding
of why people choose to walk and bicycle for routine travel. This information will help
practitioners implement strategies that have the greatest potential to shift automobile travel to
pedestrian or bicycle modes and improve the sustainability of land use and transportation
systems. More specifically, this dissertation is intended to:
¢ Develop more complete methods for recording and analyzing pedestrian transportation.
¢ Understand why people choose to walk or bicycle rather than drive for routine travel
purposes, such as shopping.
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e Identify characteristics of shopping districts that may encourage people to walk rather
than drive between stores.

® Propose a theory of the mode choice decision process and suggest planning strategies that
may make walking and bicycling more attractive during all stages of this process.

The study was conducted in the San Francisco Bay Area in the United States. While some
results of this dissertation may not apply to other urban regions outside of the San Francisco
region, this research is intended to inform practice in all parts of the world, especially where the
need for sustainable transportation is growing rapidly.

Definitions
Chapter 1 provides definitions of important words that are common in the activity-based travel
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analysis field, such as “trip”, “stage”, and “tour”. It also defines key terms used throughout the
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document, such as “sustainable transportation”, “shopping district”, and “routine travel”.
Primary Research Question and Subquestions

The overarching research question explored throughout this dissertation is:

What factors are associated with walking or bicycling for routine travel?

Three research subquestions follow from this research question:

e What methods are needed to record and analyze all modes of transportation that are used
by a person on a tour from the time they leave home until they return home?

e What travel, socioeconomic, attitude, perception, and local environment characteristics
are associated with walking or bicycling rather than driving to and from shopping
districts?

e  What travel, socioeconomic, attitude, perception, street, and site characteristics are
associated with walking rather than driving between activities within the same shopping
district?



Conceptual Framework
The conceptual framework that guided the data collection and analysis process during this study

is shown in Figure 1.

Figure 1. Conceptual Framework for Data Collection and Analysis

Travel

Characteristics
(distance, time, cost, stops, bags)

Socioeconomic

Characteristics

(gender, age, income) \ Mode Choice

Attitude Walk

Characteristics > Bicycle

(enjoy walking, pro-environment) Transit
- / Automobile
Perception
Characteristics

(crash risk, crime risk)

Shopping District
Characteristics
(density, mix, facilities, parking)

Note that the conceptual framework diagram illustrates the key associations that are being
explored through the data collection and analysis process. There are also likely to be
relationships between each of the categories of explanatory variables. In particular,
socioeconomic characteristics may be related to all of the other characteristics. For example,
people who have disabilities (socioeconomic characteristic) may not enjoy bicycling (attitude
characteristic) as much as other people because bicycling is painful or not physically possible for
them.

LITERATURE REVIEW

The literature review (Chapter 2) summarizes several methodological challenges raised by
previous studies and provides an overview of factors that have uncertain relationships with
walking and bicycling mode choices.

Methodological gaps identified in the literature include:
e Lack of a clearly-defined process to collect and analyze detailed pedestrian travel data
e Few tour-based analyses of pedestrian or bicycle mode choice
¢ Undetermined magnitude of impacts of residential self-selection on travel behavior
¢ Unclear understanding of the complex decision process individuals use to choose
transportation modes
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¢ Limited understanding of factors that have causal influences on mode choice

Researchers have found several categories of factors to be related to pedestrian or bicycle mode
choices. These include travel, socioeconomic, attitudinal, perception, land use, and
transportation system characteristics. Few studies have explored all of these categories of factors
simultaneously within the same methodological framework. In addition, several factors in these
categories have uncertain relationships with pedestrian and bicycle travel, including:

e Perceptions of crime and crash risk

® Roadway design characteristics

e Number of bags being carried and number of activity stops being made

This dissertation takes a first step toward filling several of these gaps.

METHODOLOGY

The methodological overview (Chapter 3) provides a summary of the mixed-methods approach
used to explore how study participants made mode choice decisions. Quantitative survey data
were gathered from 1,003 people traveling to, from, and within 20 San Francisco Bay Area
shopping districts in fall 2009. The survey captured travel characteristics (e.g., trip-chaining,
travel distance, socioeconomic characteristics, number of bags being carried, modes used),
attitudes (e.g., views towards the environment, walking, and bicycling), and perceptions of
neighborhood traffic safety and crime. These data were compared with local environment
characteristics surrounding the survey store site. Qualitative follow-up interviews were
conducted with 26 participants to provide a richer understanding of the results of the quantitative
survey, including general information about factors that influence people’s mode choices and
specific information about how people travel in particular situations.

Specific approaches used to explore the survey and interview data included cluster analysis,
mixed logit discrete choice modeling, and interview theme identification. Cluster analysis
classified the 20 shopping districts into four general types of urban environments: 1) Urban Core,
2) Suburban Main Street, 3) Suburban Thoroughfare, and 4) Suburban Shopping Center. This
made it possible to compare survey and interview responses between different types of shopping
districts. Mixed logit models were used to identify factors associated with walking, taking
transit, or using an automobile to travel to and from shopping districts and factors associated
with walking or driving within shopping districts. Interview themes were identified by
reviewing conversations with all 26 interview participants.

Innovative Approaches

There were several innovative aspects of the methodology used for this study. The study 1)
explored multiple categories of factors that may be associated with walking and bicycling, 2)
documented and analyzed short pedestrian trips and walking as a secondary travel mode, 3) used
four different approaches to capture participant travel mode information, 4) collected fine-
grained local environment variables in shopping districts rather than around respondents’ homes,
5) used a tour-based framework to analyze pedestrian and bicycle mode choices, 6) quantified
tradeoffs between modes for small-scale travel movements using discrete choice models, and 7)
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used qualitative data collection and analysis methods to propose a theory of how people make
routine mode choice decisions.

Explored Multiple Categories Factors that may be Associated with Walking and Bicycling
Multiple categories of factors are related to the choices of walking and bicycling. This study
evaluated the association between travel, socioeconomic, attitude, perception, and shopping
district factors and pedestrian and bicycle mode choices. Most prior studies of pedestrian or
bicycle mode choices focused on one or two of these categories of factors, but few have included
all of them. The mixed logit models showed that variables in all categories had significant
associations with mode choice.

Documented and Analyzed Short Pedestrian Movements
The methods used for this study showed that it is possible to capture human-scale travel data,
including short walking trips between stores in the same shopping district and secondary waking
movements, such as from a parking space to a store entrance or from a bus stop to home. Results
from this method provided greater understanding of walking to, from, and within shopping
districts:
e Walking was used as the primary tour mode of transportation (mode used for the longest
distance on a tour) for 21% of all respondents.
® An evaluation of modes that were used at least once on each tour showed that 52% of
respondents walked along a street or between stops at some time between leaving and
returning home.
e Walking was used as the primary mode for 65% of respondent trips between stops within
shopping districts.

Used Four Different Approaches to Capture Participant Travel Mode Information

The first three questions of the survey were 1) “What is the PRIMARY type of transportation
you used to get to the store today?”, 2) “What type of transportation do you TYPICALLY use to
travel to this store?”, and 3) “What types of transportation do you CONSIDER using to travel to
this store?” The fourth method used to capture respondent travel modes was recording all modes
used on each respondent’s tour from leaving home until returning home on the survey map.
These four approaches showed important nuances in travel behavior, made it possible to verify
the accuracy of responses to the primary mode of transportation question, and helped address
potential confusion about which mode to report as the primary mode on the survey:

e 104 (10%) of the 1,003 survey respondents reported that they typically used a different
mode to travel to the store than they were using on the day of the survey.

® 563 (56%) respondents considered at least two different modes to travel to the survey
store.

e Responses to Question 1 were compared with the actual primary respondent travel mode
calculated from their geocoded tour data. This comparison showed that the initial
response and geocoded tour data differed for 72 (7.5%) of the 959 respondents. Most of
the incorrect responses to Question 1 were due to respondents reporting walking as their
primary mode when they had either used transit or an automobile for the majority of their
tour. It is likely that these respondents confused the walking that they had done from
their last activity stop, bus stop, or parking space with their overall tour mode, so it was
helpful to correct their primary mode response with the geocoded data.
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Measured and Tested Fine-Grained Local Environment Variables Characteristics in Shopping
Districts Rather than Around Respondents’ Homes

Fine-grained data on the built and social environment in the shopping district around the survey
store were collected and analyzed, including shopping district variables (e.g., sidewalks, bicycle
facilities, on-street parking, and tree canopy coverage, roadway steepness, and perceptions of
pedestrian and bicycle crash risk and crime risk), main commercial roadway characteristics (e.g.,
posted speed limit, number of automobile lanes, and pedestrian crossing distance on the main
commercial roadway), and store site characteristics (e.g., number of automobile and bicycle
parking spaces and distance from the public sidewalk to the building entrance). Most travel
behavior studies have focused on characteristics of the neighborhood around a person’s home
(Shriver 1997; Clifton and Dill 2005; Frank et al. 2006; Forsyth et al. 2007). However,
relatively few have explored characteristics of activity destinations, such as a respondent’s
workplace (Jonnalagadda et al. 2001) or other main trip destination (Cervero and Duncan 2003).
This study contributes to the body of knowledge about how the local environment around
activity destinations is related to travel behavior.

Analyzed Pedestrian and Bicycle Mode Choices within a Tour-Based Framework

The study used a tour-based analysis framework to control for the influence of trip-chaining on
mode choice. Fewer than 13% of respondents traveled only from home to the survey store and
back home, so most respondents made multi-stop tours. In addition, survey respondents made
different types of tours. Of the 959 complete tours recorded, 397 (41%) involved traveling from
home to a single shopping district and then returning home (e.g., all non-home stops were within
one-half-mile (804 m) of the survey store). In contrast, 562 (59%) of the tours were multi-
district tours, including at least one non-home stop outside of the shopping district. Respondents
making these two types of tours had different characteristics. Walking or bicycling was the
primary mode for 45% of respondents who traveled only to and from a single shopping district,
but these modes were used by only 8% of respondents who made multi-district tours.

Quantified the Value of Pedestrian and Bicycle Design Characteristics Using Discrete Choice
Models

The data collection method captured all respondent activity stop locations, even stops made at
adjacent stores within the same shopping district. This level of geographic detail allowed
pedestrian, bicycle, public transit, and automobile travel distances and times to be estimated for
short-distance trips between home and the shopping district and between each pair of stop
locations within the shopping district. Public transit and automobile out-of-pocket travel costs
were also estimated. According to the model, the value of time was $9.23 per hour for transit
users and $14.41 per hour for automobile users. This is in the same range as the value of time
calculated from the 1990 Bay Area Travel Survey (adjusted to 2009 dollars) (Purvis 1997).
Considering time and distance along with shopping district variables in the mixed logit models
made it possible to evaluate the value of certain design characteristics to pedestrians and
bicyclists.
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For example, the model of mode choice to and from the shopping district suggested:
e A typical respondent was willing to walk (rather than use other modes) on tours that were
2.1 minutes longer when there was one percent more tree canopy coverage on multilane
roads in the shopping district.
The model of tour mode choice for all survey respondents showed:
® A typical respondent was willing to bicycle for tours that were 1.6 miles (2.6 km) longer
when there was one additional mile (1.6 additional kilometers) of bicycle facilities
within the shopping district.
e Respondents were willing to choose to bicycle for tours that were 0.5 miles (0.8 km)
longer when one additional bicycle parking space was provided at the survey store.
Finally, the model of walking versus driving within shopping districts indicated:
® A typical respondent was willing to walk for trips that were 2.5 minutes longer when
there was metered on-street parking in the shopping district.
e Respondents were willing to walk for trips that were 1.0 minutes longer when there were
10 fewer commercial driveway crossings per mile (6 fewer commercial driveway
crossings per kilometer) along the main shopping district roadway.
® Respondents were willing to walk for trips that were 1.1 minutes longer when the speed
limit was five miles per hour (eight kilometers per hour) slower.

These results were intended to provide initial estimates of the value of certain pedestrian and
bicycle design characteristics for a relatively small number of respondents traveling to and from
shopping districts in one urban region. Further study is needed to refine these estimates.

Used Qualitative Data Collection and Analysis Methods to Develop a Deeper Understanding of
the Pedestrian and Bicycle Mode Choice Process
In-depth interviews confirmed the importance of many model factors, identified additional
barriers to walking and bicycling, and showed that mode choices were intertwined with family
and work responsibilities. Participant feedback suggested that the mode choice process is
complex, involving five steps: 1) awareness and availability, 2) basic safety and security, 3)
convenience and cost, 4) enjoyment, and 5) habit. The in-depth interviews were also essential
for uncovering other key themes related to the mode choice process:
e Walking and bicycling were viewed positively because they provided both physical and
mental health benefits.
* Most interviewees thought that reducing automobile travel would benefit the environment
by conserving natural resources and limiting air pollution.
® A ssingle family member or close friend inspired some interviewees to walk or bicycle
more.
e Perceptions of traffic crash risk discouraged many interviewees from bicycling.
¢ Interviewees with little bicycling experience preferred bicycling on facilities that were
physically separated from automobile traffic.
¢  Work- and family-related time constraints were a barrier to walking or bicycling.
e Travel planning time, bad weather, and carrying packages were barriers to walking and
bicycling. These barriers were less significant when activity destinations were nearby.
e Changes in work location prevented some interviewees from walking and bicycling.
e Few interviewees changed modes when gas prices spiked in Summer 2008.

XV



e Bicyclists were viewed negatively by some interviewees because they were perceived as
being in the way of automobile traffic and/or exhibiting law-breaking or reckless
behaviors.

RESULTS
This dissertation revealed several insights into pedestrian and bicycle mode choices. These
insights included geographic differences in where certain modes are used in an urban region,

factors associated with choosing walking and bicycling for routine transportation, and a theory of
how mode choice decisions are made.
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Figure 2. Primary Tour Mode Share for Survey Respondents by Shopping District
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Geographic Differences in Transportation Mode Choices

Chapter 4 shows geographic differences in the modes survey respondents used to travel to and
from shopping districts. Of the 1,003 completed surveys, 959 (96%) included map data suitable
for geocoding and analysis. Overall, the mode used for the longest distance on the 959
respondent tours was automobile (67%), followed by walking (21%), transit (10%), and bicycle
(2%). While respondents traveled to the same type of store, there were significant differences in
customer mode choice by shopping district. More than 50% of customers walked to three
shopping districts in San Francisco, while more than 90% of customers drove to four shopping
districts in newer suburban communities. Nearly 15% of customers bicycled to the shopping
district in Berkeley (Figure 2). Of customers who traveled on a tour that was longer than two
miles (3.2 km), 77% used an automobile as their primary travel mode and 9% walked or
bicycled. However, for tours shorter than one mile (1.6 km), 22% drove and 78% walked or
bicycled.

In general, these geographic differences in travel behavior reflected the convenience of each
mode in different communities. For example, Urban Core shopping districts tended to have high
population and employment densities and mixed land uses that created short trip distances
between homes, workplaces, stores, restaurants, and other activities. This made walking
convenient. They also had limited automobile parking, more traffic congestion, and frequent
transit service, making it difficult to travel by automobile and attractive to use public
transportation. In contrast, Suburban Thoroughfare and Suburban Shopping Center shopping
districts often had buildings separated by large parking lots and commercial uses isolated from
offices and residential areas. Buses ran infrequently and transit users often needed to make
transfers to access multiple activity locations. Wide roadways and parking spaces near building
entrances made automobile travel more convenient than other modes. The importance of
convenience was expressed by interviewees throughout the study region (Figure 3).

However, convenience, in terms of travel time and cost, did not appear to explain all mode
choices. For example, 66 (17%) of the 397 survey respondents who traveled only to and from
the shopping district owned a bicycle, carried one or fewer packages on their tour, did not have a
disability, and bicycling was estimated to have the lowest travel time on their tour. However,
only 3 (4.55%) of these 66 respondents actually bicycled. Not bicycling when it was relatively
faster than other modes may have reflected respondents not knowing how to ride a bicycle,
concerns about the safety of bicycling on the existing system of streets, the difficulty of riding up
hills, or other considerations. In addition, interviewees in higher-crime neighborhoods also
reported concerns about the risk of crime while walking or taking transit, so perceptions of crime
were also likely to prevent respondents from using modes that may have otherwise been
convenient for them.

While aggregate data for each shopping district showed distinct geographic patterns of

respondent travel behavior, additional analysis was needed to uncover specific factors associated
with individuals choosing to walk and bicycle for routine transportation.
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Figure 3. Interviewee Quotes about Local Transportation Convenience

San Francisco

“That light...you just stand there and
stand there and stand there. And so
that gets really old, you know? That's
one reason not to walk."

--Female, Age 60, Concord
Urban Core T
do with why I bike upto
Downtown Berkeley."
—Female, Age 50- 59 Berkeley
Tﬁmf’gftgﬁ : Me M "We go to church in Downtown
0.1 Mg 2 Oakiland, and that'’s a pretty long
--Male, Age 30, SF Fi . way to bike. "If I'm going to San Francisco from here,
e 4 _ - female, Age 50-59, Berkeley I can walk to the bus stop that’s dlosest.
"San Francisco s just wa w 1 walk for 20 minutes, at least. And then
crowded Downto less. Because I know 1 wait for the bus to arrive. And then I
50 we Just Jump e, home, there won't be take the bus to the BART station. So
(Muni tansit]. arking. that's about another 20 minutes. Then
female, Age 60-69, -~ —Female, Age 90-49, the BART to San Frandisco. 5o it's
SF Taraval Street - SF Third Street maybe easier and faster to go by a car.”
“Just hop in the ca,f.,jbmp --Female, Age 40-49, Pleasanton
in, get where I'm going, _ “The next grocery store is about
anda&_m‘”fmfabow " T'm grateful for the bus, and I have 4 to 5 miles away, and I wouldn't
anything else. used it. But there are things that think about walking or bicydling."
aaF:nCaf{yh Age 30-39, S giaybe ': need mﬂm aities, and --Female, Age 40-49, Pleasanton
--Female, Age 52, South San Franaisco
"Getting to work is not the main issue.
The main issue is any other place I
want to go (1 can only use my car]" ;
--Female, Age 60-69, South San Francisco "A car ride is more convenient,
"Living here in the suburbs.. RO i e bying (o
I L i i take the bus.
you e ngly bk —Male, Age 4049, Frémont

not being an issue. Mﬁerever

you go, you can park.”
--Female, Age 60-69,

South San Francisco

Base data layers provided by: 1) US Census (2000)
and 2) Metropolitan Transportation Commission (2008)

Map created by Robert J. Schneider
University of California Berkeley
February 2011

0 2 4 8 12 16

T W Kilometers

Note: 1 mile = 1.61 kilometers
1 square mile = 2.59 square kilometers

Interview Quote (map location corresponds

2000 Census Block Grou
dent’s home e

)
Y7

lly to resp

Population Density (pop./sq. mi.)

O San Francisco Urban Core Lsa ten 259
250t09,999
Other Features 10,000 to 19,999
3 study County Boundery 1l 20,000 to 49,999
|| Other County Boundary I 50,000 of more
Water

X1X



Factors Associated with Walking and Bicycling for Routine Transportation

The study provided several insights into factors associated with choosing to walk or bicycle for
routine travel. Some of these results were obtained directly from exploring the three research
subquestions, while other findings were identified at various times during the research process.

Research Subquestion 1: What methods are needed to record and analyze all modes of
transportation that are used by a person on a tour from the time they leave home until they
return home? (Chapter 4)

It is possible to measure short-distance and secondary pedestrian movements to, from, and within
shopping districts. This was demonstrated using an intercept survey and GIS analysis
methodology at 20 shopping districts in the San Francisco Bay Area. Respondents reported all
modes of travel that they used from the time they left home until returning home, including
secondary modes and short trips between adjacent buildings. Walking within store parking lots
or to and from parking spaces directly in front of stores were the only excluded movements.
Face-to-face interaction made it possible for surveyors to interpret and clarify responses. A
carefully-structured GIS data entry method was used to record stop locations and detailed travel
mode information. The survey data were used to develop a more complete understanding of
multimodal travel to, from, and within the shopping districts.

For example, all survey respondent pedestrian movements were geocoded and used to create
maps of walking path density in different urban environments (Figure 4). Walking in higher-
density Urban Core and Suburban Main Street shopping districts tended to be spread along the
main commercial street and on streets accessing this roadway, while walking in lower-density
Suburban Thoroughfare and Suburban Shopping Center shopping districts was typically
concentrated in the shopping complex that contained the survey store.

XX



Figure 4. Respondent Walking Path Density in Different Urban Environments
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Traditional mode share analyses do not provide a complete picture of pedestrian travel,
especially walking in urban, mixed-use environments.

Traditional measures of mode share showed that walking was the mode used for the greatest
distance on 21% of 959 respondent tours and represented only 5% of respondent distance
traveled. However, alternative measures based on the detailed survey data showed that walking
was a common element of respondent tours (52% of tours included some walking) and was the
primary mode of transportation for a majority of trip segments within shopping districts (65% of
trips between stops in shopping districts were made by walking) (Table 1).

Table 1. Mode Share Measures for All Survey Respondents

Total from all 20 Stores
Measure samplesize] ~ Walk Bike[ Transit| Auto| Total
Primary Mode Measures
Primary mode used on whole tour 959| 21.3% 2.2% 9.9%| 66.6%| 100%
Primary mode used on trips within shopping district 1382 65.2% 2.0% 0.5%]| 32.3%| 100%
Primary mode used on trips within store corridor 613| 72.8% 2.1% 0.2%| 25.0%| 100%
Primary mode used on trip accessing survey store 959 32.8% 2.3% 5.0%| 59.9%| 100%
Total Distance by Mode Measures
Total distance by mode on whole tour 959 4.5%| 0.8% 9.8%| 84.9%| 100%
Total distance by mode on trips in shopping district 1378| 54.6% 2.6% 0.8%| 42.0%| 100%
Total distance by mode on trips within store corridor 608| 67.5% 2.6% 0.2%| 29.7%| 100%
Mode Use Measures
Proportion of tours that included a specific mode 959 51.9% 2.4%| 12.1%| 68.4% N/A
Proportion of trips within shopping district thatincluded specific mode 1378| 70.1% 1.9% 0.6%| 32.6% N/A
Proportion of trips within store corridor that included specific mode 608| 75.5% 2.0% 0.2%| 25.0% N/A

Mode shares also varied by urban environment: 51% of all respondents walked on their tours to
Urban Core shopping districts, but less than 10% walked on tours to Suburban Thoroughfare and
Suburban Shopping Center shopping districts. For trip segments within shopping districts,
nearly all (96%) respondents walked within Urban Core shopping districts, but less than half
walked within Suburban Thoroughfare (30%) and Suburban Shopping Center (40%) shopping
districts. More detailed measures of walking are important for representing pedestrian travel
accurately, especially in urban, mixed-use shopping districts.

Research Subquestion 2: What travel, socioeconomic, attitude, perception, and shopping
district characteristics are associated with walking, bicycling, and taking transit to and
from shopping districts? (Chapter 5)

Results from mixed logit models suggested that certain travel, socioeconomic, attitude,
perception, and shopping district factors were associated with walking and bicycling on
respondent tours to and from shopping districts. Likelihood ratio tests showed that variables in
the attitude, perception, and shopping district categories added predictive value to models with
only travel and socioeconomic characteristics. Since these types of variables can be influenced
through planning practice, this finding suggests that planning strategies have the potential to
influence walking and bicycling mode choices.
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After controlling for socioeconomic factors, respondents were more likely to drive when they
perceived a high risk of crime, but automobile use was discouraged by higher employment
densities, smaller parking lots, and metered on-street parking. Walking to and from shopping
districts was associated with factors such as shorter travel distances, higher population densities,
more street tree canopy coverage, and greater enjoyment of walking (Figure 5). The exploratory
analysis of a small number of bicycle tours found that bicycling was associated with shorter
travel distances, more bicycle facilities, and greater enjoyment of bicycling (Figure 6). All else
equal, shopping districts located closer to a train station were more attractive for transit users.
Creating communities with characteristics that support walking and bicycling rather than driving
may make it possible for more people to live active lifestyles and make sustainable transportation
modes more convenient, safe, and useful for traveling to routine activities, such as shopping.

Figure 5. Factors Associated with Walking on Tours to and from Shopping Districts

Travel Mixed logit model results:
(+) number of stops*, no bags: Factors associated with
(-) distance in shop. dist.,, time= walking on tours to and
. . from shopping districts
Socioeconomic (N = 388)

(+) group house,
Spanish-speaker-, student,
low-income=

(-) physical disability* Mode Choice

Walk
Attitude ?

(+) enjoy walking

Transit
Perception / Automobile

(+) perceive crash risk~

Shopping District
(+) population density* Statistical association:
mplovment densi ! - *** (p <0.05) = significant
employme ens ty ! **(0.05 < p < 0.10) = moderately significant
tree canopy~ *(0.10 < p < 0.20) = slight association

(-) survey store parking spaces
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Figure 6. Factors Associated with Bicycling on Tours to and from Shopping Districts

Travel Mixed logit model resulits:
Factors associated with
(-) distance, Saturday bicycling on tours to and
from shopping districts
Socioeconomic (N =959)
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no auto, no children-
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1) All bicycle respondents enjoyed bicycling.

Respondent Mode Share Forecasts for Travel To and From Shopping Districts

The mode choice models made it possible to develop mode shift forecasts. For example, the
mode choice model representing travel only to and from the study shopping districts was used to
estimate the change survey respondent mode shares under the following three scenarios: 1)
double population and employment densities in each study shopping district, 2) double street tree
canopy coverage in each study shopping district, and 3) eliminate half of the automobile parking
spaces at the survey store. Based on the model, the combination of these three changes could
increase pedestrian mode share among the 388 sample respondents from 43% to 61% and
decrease automobile mode share from 50% to 31% (Figure 7)1. This shift could eliminate 129
(13%) of the 983 respondent vehicle miles traveled (208 of the 1,580 respondent vehicle
kilometers traveled), and 110 (36%) of the 308 times respondents parked their automobiles in the
shopping district.

! Note that this forecasted mode shift is an illustrative example based on cross-sectional data. The forecast assumes that each of
the variables that are changed would have a direct effect on mode choice and does not account for the process of modifying travel
behavior habits, so it may overstate the potential impact of the changes.
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Figure 7. Survey Respondent Mode Shares Under Different Scenarios, Based on Mode
Choice Model for Travel Only To and From Shopping Districts (N = 388)
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Respondent Mode Share Forecasts for Complete Tours that Include Shopping District Stops
The mode choice model for all 959 respondent tours was used to estimate respondent mode share
that may occur under the combination of the following scenarios: 1) double population and
employment densities in the shopping district; 2) add two additional miles of bicycle facilities
within each shopping district; 3) provide 10 more bicycle parking spaces, half as many
automobile parking spaces at the survey store, and metered on-street parking in the shopping
district. This combination could increase respondent pedestrian mode share from 21% to 27%,
increase bicycle mode share from 2.2% to 6.0%, increase transit mode share from 10% to 12%,
and decrease automobile mode share from 67% to 55% (Figure 8)2. This shift could eliminate
247 (2.5%) of the 10,036 respondent vehicle miles traveled (397 of the 16,150 respondent
vehicle kilometers traveled), and 206 (14%) of the 1,519 times respondents parked their
automobiles to access a non-home stop.

% Note that this forecasted mode shift is an illustrative example based on cross-sectional data. The forecast assumes that each of
the variables that are changed would have a direct effect on mode choice and does not account for the process of modifying travel
behavior habits, so it may overstate the potential impact of the changes.
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Figure 8. Survey Respondent Mode Shares Under Different Scenarios, Based on Mode
Choice Model for Shopping District Tours (N = 959)
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Research Subquestion 3: What travel, socioeconomic, attitude, perception, street, and site
characteristics are associated with walking rather than driving between activities within
the same shopping district? (Chapter 6)

Mixed logit modeling results showed that people were more likely to choose walking between
stops in shopping districts with certain characteristics (Figure 9). This suggests that shopping
districts can be designed to encourage walking rather than driving between stores. By
facilitating walking, shopping districts do not need to have as many parking spaces per person
per visit, which can reduce the total amount of space dedicated to parking. Consolidating space
that would otherwise be used as separate parking lots into shared parking areas, either a
pedestrian-oriented commercial street or a shared parking lot or structure, makes it possible to
cluster stores within walkable distances. This reinforces the advantage of walking between
stores, allows businesses and/or public agencies to share the cost of parking infrastructure, and
reduces the overall cost of other water, sewer, and electric lines between buildings.
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Figure 9. Factors Associated with Walking Within Shopping Districts

Mixed logit model results:
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These results suggest two possible strategies for increasing walking within shopping districts.
They are appropriate for two distinct types of urban environments.

Design Pedestrian Oriented Commercial Corridors (Walkable Main Streets)

The first strategy is to develop walkable shopping streets that have a high level of sidewalk
activity and little off-street parking. Storefronts in these districts are typically adjacent to the
sidewalk and often have large windows inviting pedestrians to window-shop.

Develop Compact Commercial Hubs with Shared Parking (Shared Parking Oriented
Development)

The second strategy is to create clusters of stores around shared parking areas so that it is
convenient to park an automobile once and then walk between activities in the shopping district.
The parking area may be a surface lot or a multi-level parking structure. In either case,
pedestrian access through the parking area is encouraged by slow speeds and designated
pedestrian walkways.

Respondent Mode Share Forecasts for Travel Within Shopping Districts
The mode choice model of walking versus driving within survey shopping districts identified the
respondent mode shift that could occur under the combination of the following scenarios: 1)
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cluster separated stores around shared parking lots, 2) consolidate commercial driveways so that
there are half as many driveway crossings along the main commercial roadway, 3) reduce all
main commercial roadway speed limits to 25 miles per hour, 4) install metered parking in all
shopping districts. These changes could increase the percentage of the 286 sample respondents
walking between shopping district activities from 32% to 54% (Figure 10)’. This shift could
eliminate 29 (38%) of the 76 respondent vehicle miles traveled (47 of the 122 respondent vehicle
kilometers traveled), and 105 (22%) of the 469 times respondents parked their automobiles in the
shopping district.

Figure 10. Survey Respondent Mode Shares Under Different Scenarios, Based on Mode
Choice Model for Travel Within Shopping Districts (N = 286)
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Mode Choice Decision Theory

Qualitative interviews provided a foundation for a proposed Theory of Routine Mode Choice
Decisions (Chapter 7). This five-step theory also drew from survey results and other mode
choice theories in the transportation and psychology fields. It is intended to provide a framework

? Note that this forecasted mode shift is an illustrative example based on cross-sectional data. The forecast assumes that each of
the variables that are changed would have a direct effect on mode choice and does not account for the process of modifying travel
behavior habits, so it may overstate the potential impact of the changes. Slower speed limit means that all main shopping district
roadways would be 25 miles per hour (40 kilometers per hour). Faster speed limit means that all main shopping district roadways
would be posted as 5 miles per hour (8 kilometers per hour) faster.
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for planners, designers, engineers, and elected officials to discuss strategies to change
community travel behavior. The five steps are illustrated in Figure 11.

Figure 11. A Theory of Routine Mode Choice Decisions
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The proposed theory suggests that there are five key steps in the mode choice decision process.
These steps are listed by order of importance, as suggested by most interviewees. The first step,
1) awareness and availability, determines which modes are viewed as possible choices for
routine travel. The next three steps, 2) basic safety and security, 3) convenience and cost, and 4)
enjoyment, assess situational tradeoffs between modes in the choice set and are supported by
many of the statistically-significant factors in the mode choice models. The order of steps two,
three, and four is intended to reflect the relative magnitude of these three categories, as
emphasized by interviewees, but they may be given different levels of importance depending on
the situational context. This order could be tested in the future under various scenarios through
ranked preference methods. The final step, 5) habit, reinforces previous choices and closes the
decision process loop. Socioeconomic characteristics explain differences in how individuals
view each step in the process.

More research is needed to determine the order of the middle three steps in the theory. However,
basic safety and security was listed before convenience in the mode choice process. This was
done because some study participants avoided walking or bicycling when they perceived them to
be too risky, even though these modes could have potentially been more convenient than driving.
Enjoyment was listed after both basic safety and security and convenience because of the large
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discrepancy between the proportion of survey respondents who reported enjoying walking and
bicycling and the proportion who actually used these modes to travel to and from the store.
Since many people enjoyed the activities of walking and bicycling, it is likely that the barriers of
lack of awareness, perceived crash and crime risk, and inconvenience prevented these modes
from being used for routine travel.

LESSONS FOR PLANNING PRACTICE

While this study identifies a number of specific characteristics that were associated with
increasing the attractiveness of walking and bicycling, the impact of any individual treatment
may be minimal unless a comprehensive set of actions is implemented. Chapter 7 presents
strategies that could be included in a comprehensive approach to promote pedestrian and bicycle
transportation, including actions that can improve awareness, provide basic safety and security,
increase convenience, make walking and bicycling more enjoyable, and change mode choice
habits. Example strategies that could be implemented by planners, designers, engineers, and
other policy-makers through each of the five mode choice steps are shown in Figure 12.

Figure 12. Strategies to Increase Walking and Bicycling through the Mode Choice Decision
Process

Pedestrian, Bicycle,
Transit, or Automobile?

1) Awareness & Availability

(Institute individualized marketing programs, bicycle give-away
programs, community-wide education campaigns, Bike to Work Day,
Walk to School Week, and other encouragement programs)

4
2) Basic Safety & Security
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- N
3) Convenience & Cost
(Allow higher population and employment densities and a finer mix
of land uses; Reduce building setbacks; Reduce automobile lanes;
Reduce off-street parking and provide market-rate on-street parking)
I

4) Enjoyment
(Plant street trees and landscaping; Zone for ground-level stores
adjacent to sidewalks; Design public streets for slow-speed activities;
Promote environmental & social benefits of walking and bicycling)
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CONSIDERATIONS FOR FUTURE RESEARCH

Chapter 8 suggests a number of possibilities for future research. New knowledge can be gained
from studies that revise and expand upon the existing research scope and explore additional
findings that were not related to the main research question or subquestions.

Revise and Expand the Study Scope
Several aspects of the study could be revised or expanded in the future. These include the study
area and survey implementation.

Study Area
¢ The San Francisco Bay Area provided a range of urban and suburban environments for

the survey and interviews. However, like any urban region, the Bay Area has distinct
characteristics that may be related to transportation mode choices. Future research could
develop models and analyze interview responses in other regions to see if the results of
this dissertation are consistent in different geographic contexts.

e The survey was done in shopping districts, so it captured travel for shopping or errands,
among other purposes. Future surveys could be done in employment centers, sports and
entertainment zones, residential neighborhoods, or recreational areas to capture travel
data in other types of locations.

Survey Administration

® Some respondents may have added unanticipated stops to their tour before returning
home but didn’t have a chance to report them on the survey. It was not possible to know
how many people revised their travel plans. This highlights a challenge of relying on
self-reported travel behavior, especially anticipated future behavior.

® Most questions on the survey were answered by more than 99% of all 1,003 respondents,
but several attitude and perception questions had lower response rates and could be
rephrased to improve respondent understanding.

e Of all 1,003 customers surveyed, 24 reported using a bicycle as their primary mode to
travel to the store. This number of bicyclists was only adequate for evaluating factors
associated with bicycling in a secondary model. Results describing factors associated
with bicycling should be viewed as preliminary.

Explore Additional Findings

The study also generated a number of findings that were not related directly to the main research
question and subquestions. Findings related to travel planning, walking and bicycling for
recreation, bicycle facility design, predispositions toward walking and bicycling, and causal
relationships could also be explored further through follow-up research.

Travel Planning
¢ Planning time was an important consideration for choosing a travel mode. Interview
respondents suggested that walking, bicycling, and transit took more planning than using
an automobile in many suburban parts of the San Francisco Bay Area. However, driving
to Downtown San Francisco required thinking about how to navigate through congested
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streets and plan where to park. Follow-up studies could take an in-depth look at factors
that influence travel planning time for each mode in different communities.

Many respondents considered an automobile as their only transportation mode option for
traveling to the survey store. Of the 736 respondents who lived within two miles (3.2
km) of the survey store, 218 (30%) did not consider walking or bicycling to the survey
store. Automobile reliance was prevalent among people traveling to suburban shopping
districts. Additional research could explore the characteristics of people who only
consider an automobile for routine transportation.

Walking and Bicycling for Recreation

Most survey respondents enjoyed walking and bicycling. Of survey participants who
reported their attitudes, 866 (87%) of 1,000 said they enjoyed walking, and 603 (61%) of
990 said they enjoyed bicycling. However, only 204 (21%) of the 959 respondents who
reported complete tours used walking and 21 (2.2%) used bicycling as their primary
mode. This may be due to study participants viewing walking and bicycling as good for
exercise and recreation but not considering walking and bicycling as transportation
modes that they would use to access activities. Additional research may uncover factors
related to safety, convenience, social status, and habit that make recreational walking and
bicycling more common than walking and bicycling to routine activities in some
communities.

Bicycle Facility Design

Nearly all interview respondents reported a fear of bicycling on roadways without
designated bicycle facilities, and most preferred lower-volume streets and separated
bikeways over on-street bicycle lanes. Follow-up studies could examine individual
factors associated with fear of bicycling on roadways and relative comfort of being
separated from moving automobiles. These studies could investigate bicycling
experience, driving experience, understanding traffic laws, physical ability, demographic
characteristics, attitudes about how roadway space is used, and other factors.

Predisposition Towards Walking and Bicycling

The results shed additional light on the influence of self-selection, or predisposition
towards walking and bicycling, on travel behavior. Respondents who walked and
bicycled to and from shopping districts were more likely to enjoy walking and bicycling.
This suggests that people who are predisposed to using active modes of transportation
may choose to live and shop in locations where they can walk and bicycle. However,
results also showed that different types of urban environments may affect how people
travel. Longitudinal studies are needed to understand the influence of predisposition
towards walking and bicycling on the use of these modes.

Causal Relationships

Interviewees provided little evidence that the gas price spike during Summer 2008 caused
them to walk or bicycle more. All interviewees were aware of the high gas prices, but
most automobile users said that they simply traveled less, consolidated their automobile
trips, or planned more efficient automobile routes. However, out-of-pocket cost was
identified as a significant factor associated with public transit and automobile use in the
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statistical models. Further research could explore how gas, toll, parking, and other price
changes impact pedestrian and bicycle mode shares in the short- and long-run.

® Additional research is needed to determine the likely magnitude of shifts to non-
automobile modes due to specific actions. This research should include longitudinal
studies that compare communities where a particular strategy has been applied (e.g.,
charge for on-street parking, increase population and employment density, install new
bicycle lanes and pathways) with control communities.

CONCLUSION

The results of this dissertation emphasize the need for a comprehensive approach to shift routine
automobile travel to other modes. Planners, designers, engineers, and other policy-makers
should implement strategies that make walking, bicycling, and public transit more attractive at
all stages of the mode choice decision process. A limited focus on a single step, such as
improving pedestrian and bicycle infrastructure, without increasing awareness of walking and
bicycling, decreasing distances to stores, schools, and workplaces, or encouraging community
support for active transportation modes may do little to reduce automobile use. However, if
pedestrian and bicycle safety and network development projects are coupled with increases in
population and employment density, conversion of extra parking lot space into housing or retail
stores, and efforts to encourage walking and bicycling as acceptable forms of routine
transportation in the community, this set of changes may result in more walking and bicycling.
Similarly, increasing automobile parking costs in a main street shopping district may be
counterproductive unless there are a sufficient number of residents living within walking
distance, safe street crossings, bicycle facility connections, and good transit service to the district
so that people can shift from driving to these other modes. It is likely that many of the factors
identified in this study have a positive relationship with walking and bicycling because they are
part of a broader set of conditions that support pedestrian and bicycle activity. Therefore,
comprehensive approaches that address awareness, basic safety and security concerns,
convenience and cost, enjoyment, and habits are important for encouraging sustainable
transportation.
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CHAPTER 1. INTRODUCTION

This chapter offers a brief description of the background issues that motivated this dissertation,
provides several definitions that are used throughout the document, presents the central research
question and three research subquestions, shows the conceptual framework used for data
collection and analysis, and outlines the contents of the rest of the document.

1.1. MOTIVATION

In the two decades since the United States Congress passed the federal Intermodal Surface
Transportation Efficiency Act, there has been a surge of interest in making urban transportation
systems more sustainable. Agencies at all levels of government have searched for strategies to
reduce private automobile travel and increase multimodal options. For example, the City and
County of San Francisco Municipal Charter (as amended in 2007) states, “Decisions regarding
the use of limited public street and sidewalk space shall encourage the use of public rights of
way by pedestrians, bicyclists, and public transit, and shall strive to reduce traffic and improve
public health and safety.” The Transportation 2035 Plan for the San Francisco Bay Area
includes a performance objective to ‘“Reduce daily per-capita vehicle miles traveled (VMT) by
10 percent from today by 2035” (Metropolitan Transportation Commission 2009). As of January
2011, 23 states and more than 150 local and regional governments had established official
policies to improve pedestrian and bicycle conditions as a part of all transportation plans and
projects (Complete Streets Coalition 2011).

This dissertation focuses specifically on efforts to shift local automobile travel to pedestrian or
bicycle modes. Communities have viewed pedestrian and bicycle transportation as a substitute
for automobile travel and as a means to provide emissions-free mobility for people of all
incomes and abilities, decrease reliance on fossil fuels, use public infrastructure and space
efficiently, reduce long-term transportation system maintenance costs, create enjoyable streets
and public spaces, support public transit, and provide physical activity and opportunities for
social interaction.

Federal policy also supports pedestrian and bicycle transportation. Walking and bicycling are
integral to the Livability Principles established by the US Department of Transportation (DOT),
Department of Housing and Urban Development, and Environmental Protection Agency (2009).
These include: “Develop safe, reliable, and economical transportation choices to decrease
household transportation costs, reduce our nation’s dependence on foreign oil, improve air
quality, reduce greenhouse gas emissions, and promote public health,” and “Enhance the unique
characteristics of all communities by investing in healthy, safe, and walkable neighborhoods—
rural, urban, or suburban.” According to the 2010 US DOT Policy Statement on Bicycle &
Pedestrian Accommodation: Regulations and Recommendations, “Transportation programs and
facilities should accommodate people of all ages and abilities, including people too young to
drive, people who cannot drive, and people who choose not to drive...Every transportation
agency, including DOT, has the responsibility to improve conditions and opportunities for
walking and bicycling and to integrate walking and bicycling into their transportation systems.”



Progress has been made in a number of communities, but pedestrian and bicycle planning efforts
in the United States have not resulted in broad modal shifts. The private motor vehicle accounts
for 83% of all trips and is the most common transportation mode used in every metropolitan
region (Federal Highway Administration 2009). Nationally, only 11% of trips are made by
walking, 4.3% by public transit, and 1.0% by bicycling. By comparison, more than 20% of all
trips in the United Kingdom, Germany, and Sweden are made on foot, and 15% of all trips in
Denmark and 25% of all trips in the Netherlands are made by bicycle (Basset ef al. 2008).
United States automobile use is even higher among the 22% of home-based trips that are made
for shopping purposes, accounting for 89% of all shopping travel (Federal Highway
Administration 2009).

In order to identify planning, engineering, and design strategies that may encourage shifts from
automobile to pedestrian and bicycle transportation, there is a need to recognize what motivates
people to walk and bicycle. This includes understanding specific individual, travel, and
neighborhood environment factors associated with walking and bicycling rather than driving. It
also involves comprehending the thought process people use to select modes for routine travel
purposes.

Interview participants from different parts of the San Francisco Bay Area suggested many factors
that may be associated with pedestrian and bicycle mode choices. Some of the most common
reasons why people chose to walk or bicycle or avoid walking or bicycling are highlighted by the
quotes below. Positive aspects of walking and bicycling included personal and public health,
enjoyment, social interaction, convenience, environmental-consciousness, and cost savings.

Personal and public health

e “If I walk more, I'll be thinner and healthier.” --Female, Age 60, Concord

e “I have noticed that my stress level has gone down since I have walked and bussed more
than [ drive.” --Male, Age 30, San Francisco Fillmore Street

e “It’s a good way to get some exercise, and it’s less pollution and all that stuff...I think
maybe, part of it may be that it’s kind of trendy...It’s kind of like the cool thing to
bike...which is probably a good thing.” --Male, Age 30, San Francisco Fillmore Street

®  “When you care for your employees and you create an atmosphere where you help them
get from point A to point B and keep them physically and mentally fit in the workplace,
there’s a lot to be said about production and achieving the goals of the company.”
--Male, Age 60-69, Brentwood

Enjoyment

e  “Walking alone...gives me a sense of solace and a time to meditate and reflect and just
take in what’s out there and stuff.” --Male, Age 30, Burlingame

e “I’ve gotten to where I just love the simplicity of walking. I get to be with my own
thoughts...” --Male, Age 50-59, San Francisco Fillmore Street

e “Abicycle is a very convenient thing...you are interacting more with the environment,
you are interacting more with the people, you feel that fresh air...you have that chance of
seeing...architecture, or smell...” --Male, Age 30-39, Berkeley



“[My girlfriend and I] prefer to walk. We enjoy walking in San Francisco and looking at
things...she loves to read restaurant menus.”
--Male, Age 50-59, San Francisco Fillmore Street

Social interaction

“We would be less isolated from one another...if we were...on a bicycle, or even
walking.” --Female, Age 60-69, San Carlos

“I think people walking is a good thing. It makes for interesting city life.”

--Male, Age 55, San Francisco Third Street

“I don’t see a lot of neighbors out on the street because people just get in their cars and
drive...it reduces my quality of life not to interact with neighbors.”

--Female, Age 40-49, San Francisco Third Street

Convenience

“I just thought it would be silly to drive because it was only a couple of blocks, and
because I have able-bodied legs that are functioning. And number two, I wouldn’t want
to create any emissions from a car just to go down the street two blocks.”

--Male, Age 30, Burlingame

“The parking...is...the big reason why I walk around my neighborhood. I could drive if I
wanted to, but I mean, it’s more inconvenient to find my car where I finally found a
parking spot. Then go find another parking spot somewhere else.”

--Male, Age 30, San Francisco Fillmore Street

“The parking is definitely such a pain in the butt, that you just say, ‘I’d rather walk.’”
--Male, Age 30, San Francisco Fillmore Street

“[It is] certainly cheaper to park downtown if you have to park and lock your bicycle
rather than your car. And I think it probably gives you greater flexibility and mobility
than walking because it’s faster. More flexible opportunities than public transportation
because you can turn the corner where a bus can’t.”

--Male, Age 55, San Francisco Third Street

“Some of them are walking because it is just more convenient than driving or taking the
bus in the City.” --Female, Age 60-69, South San Francisco

“Sometimes I think [people bicycle as] a political statement...being conscious of the
environment and pollution. And sometimes I think it’s because it is a fairly easy and
convenient way of getting around in San Francisco, except for the big hills, of course.
And sometimes I think it is for exercise...” --Female, Age 60-69, South San Francisco

Environmental-consciousness

“I’'m a big advocate of green. And every small little thing we can do it’s going to
help...the less cars we have on the road, less carbon emissions, the greenhouse gasses are
not generated as much, the bicycle is good...” --Female, Age 40-49, Pleasanton

Do you think that changing how people travel is a good way to improve the environment?
“I definitely think it is good for the environment. Basically, less pollution...is a big
thing...Cars have to go somewhere, and that’s usually a junkyard...And also...noise
pollution. Cars are generally pretty dirty...All the chemicals that are in cars...oil, old
transmission fluid.” --Male, Age 30, San Francisco Fillmore Street



Cost savings
e  “We just walk because we can be together and we save money and we try to get our

exercise.” --Male, Age 50-59, San Francisco Fillmore Street
e “I know friends who have never driven...They do not have a car—they do not have the
resources to buy a car or insure it.” --Male, Age 55, San Francisco Third Street

Interview participants also suggested barriers to shifting from automobile to pedestrian or bicycle
modes. These included travel distance and time, planning time, the need to make multiple stops,
carrying packages, traveling with other people, physical effort and ability, bad weather, family
and work responsibilities, perceptions of crash and crime risk, social expectations, community
design, and habits.

Travel distance and time

e “The next grocery store is about four to five miles away, and [ wouldn’t think about
walking or bicycling.” --Female, Age 40-49, Pleasanton

e “Where I previously lived in a more commercial area, I did walk to the stores or just take
in a walk, or to the movie, or whatever else. But again, now I’m in a more residential
area and it’s not as convenient, so I do drive my car more.”
--Female, Age 50-59, Berkeley

e “Ifit’s more than [a mile or two], you’re not going to walk, you’re not going to cycle,
you’re going to take the car and go.” --Male, Age 40-49, Fremont

Planning time
e  “Walking requires that I get up on time and out the door sooner...”

--Female, Age 30-39, Daly City

The need to make multiple stops

e “Icould take a bike, but normally when I'm going, it’s because I'm between two places,
and it’s just more convenient to drive because I happen to have the car.”
--Female, Age 40-49, Danville

e “The time commitment is a lot longer on any of them—walking, biking, or taking the
bus. There’s going to be a lot more time involved in getting this errand accomplished.
And if I have multiple errands, it’s even more complicated.”
--Female, Age 60-69, San Carlos

Carrying packages
e  “[could walk, but I couldn’t buy as many groceries and walk back home if I do.”
--Female, Age 60-69, San Carlos
e “[usually take things with me in my car to work back and forth—laptop and stuff like
that—which makes it a little bit tougher to ride my bike.”
--Female, Age 50-59, San Carlos

Traveling with other people
e “If I'm bringing my dogs, that’s not going to happen on a bike. Or if I'm bringing more
people, like picking up someone. Those get in the way of walking or bicycling.”
--Female, Age 50-59, Berkeley




Physical effort and ability
* “I’m at an age, and I also have a disability that...I don’t walk as fast as I used to. Ican’t
physically do it. --Female, Age 40-49, San Francisco Third Street
e “My kids are all gone, and because of my arthritis, it is harder for me [to bicycle].”
--Female, Age 52, San Carlos
e “If there weren’t as many hills, we might go out and walk more.”
--Female, Age 52, South San Francisco

Exposure to bad weather
e “Maybe in the summer I'll walk more. That would be good. It’s warmer; I like the
warmer weather.” --Female, Age 60, Concord
e “The weather affects whether I choose to drive or bike.” --Female, Age 50-59, Berkeley
e  “Sometimes I feel like [walking], and sometimes I don’t feel like [walking], so I try to
catch it the next day. If it’s raining, it’s really bad, I ain’t going nowhere.”
--Male, Age 57, Oakland

Family and work responsibilities

¢ “In this time of my life...everything I'm trying to do it...in the least time possible, so a
car seems very convenient.” --Male, Age 30-39, Berkeley

e  “Although I live very close to work, I choose to use my car because I have a very busy
schedule. And sometimes I only have a few minutes to run from one place to another.”
--Male, Age 30-39, Berkeley

* “My kids were still younger...we always used to be on the time crunch. They would wait
for me to come home. There was something else for them that I had to drop them
off...things like that, I would always go for car. That’s faster and more convenient.”
--Female, Age 40-49, Pleasanton

Perceptions of crash risk
e “I’m not a skilled bicyclist...bicycling on the road, so I don’t really feel very safe at all.”
--Female, Age 30-39, Daly City
e “Ilike to ride on my bike, but some places in [my community] they don’t have a bike
lane. It’s not designated or marked prominently, so it’s not really safe.”
--Female, Age 40-49, Pleasanton

Perceptions of crime risk
e  “When you are walking in this neighborhood, there’s nobody else walking. You look
like a target here.” --Female, Age 40-49, San Francisco Third Street
e “Idon’tlike to walk too much in the dark unless I have to.” --Male, Age 30, Burlingame

Social expectations
e “It’s a cultural thing...social pressure, if you will...If you had a car, why would you
cycle?” --Male, Age 40-49, Fremont
e  “Most of the families I know, their hope and expectation is that each of their kids have
their own vehicle once they are driving age.” --Female, Age 30-39, Daly City




Community design
e “Icome from Cuba. The cities are planned in a different way...Here everything is so
huge. When you say ‘one mile’...there’s nothing in between there and yourself...you
feel like you are walking two miles. The distance[s] are huge...from here to there, what
is there to see? Nothing. There’s not even a person to say, ‘Hello,” ‘Good morning,’
‘How are you today?’” --Male, Age 30-39, Berkeley

Habits

e “Acariseasy. It’s easy. It’s comfortable. So it means that to not do that and to walk
more, ride a bicycle more, or even take public transportation is less comfortable.”
--Female, Age 60-69, San Carlos

e “Just hop in the car...jump in, get where I'm going, and don’t think about anything else.”
--Female, Age 30-39, Daly City

e “I’'mused tousing a car. It’s easy. I can getin; I can park in my driveway at night. I get
in, [ go.” --Male, Age 55, San Francisco Third Street

1.2. PURPOSE

The main purpose of this dissertation is to provide urban planners with a greater understanding
of why people choose to walk and bicycle rather than travel by automobile. This information
will help practitioners implement strategies that have the greatest potential to shift automobile
travel to pedestrian or bicycle modes and improve the sustainability of land use and
transportation systems. More specifically, this dissertation is intended to:
¢ Develop more complete methods for recording and analyzing pedestrian transportation.
¢ Understand why people choose to walk or bicycle rather than travel by automobile for
routine purposes, such as shopping.
e [dentify characteristics of shopping districts that may encourage people to walk rather
than drive between stores.
® Propose a theory of the mode choice decision process and suggest planning strategies that
may make walking and bicycling more attractive during all stages of this process.

While this study was conducted in the San Francisco Bay Area, land use and transportation
systems are also changing, often more rapidly, in other urban regions of the world. As
urbanization continues on a global scale, these developing metropolitan regions may have an
even larger impact on the global environment than the United States if they choose to follow
similar patterns of land use and transportation system development. Between 1960 and 2002,
automobile ownership grew by an average of 4.4% per year in a sample of 45 countries, and the
number of automobiles in the world increased from 122 million to 812 million. Growth in
automobile use is expected to accelerate in the 21* Century, with the world automobile fleet
projected to more than double to 2.08 billion by 2030 (Dargay, Gately, and Sommer 2007).

The vision that national, regional, and local governments set for land use and transportation
system development today will impact the long-term cost of infrastructure, use of public space,
availability of transportation choices, ability of people of all incomes and physical abilities to
access activities, and character of the natural environment for decades into the future. While
some results of this dissertation may not apply to other urban regions outside of the San



Francisco Bay Area, this research is intended to inform practice in all parts of the world,
especially where the need for sustainable transportation is growing rapidly.

1.3. DEFINITIONS

This dissertation explores travel behavior within a tour-based framework. Therefore, it uses
several terms that are common in the activity-based travel analysis field. It is important to
understand the following fundamental definitions that are used throughout this document.

e Trip: A trip is a movement by an individual between a pair of activity locations, or stops
(e.g., between home and work or between a store and a park). In general, a trip does not
include travel on the same property. Travel between two different stores in the same
shopping complex is considered to be a trip, as long as it involves travel outside of a
building.

e Stage: Each trip includes at least one stage. A stage represents movement using a single
mode of transportation. If a person changes modes in the middle of a trip between two
activity locations (e.g., changing from walking to riding the bus), he or she is changing
stages of his or her trip.

e Tour: A tour (i.e., trip chain) is the set of all trips that a person makes from the time he or
she leaves home until he or she returns home.

In addition, several other terms are used in the document to refer to particular transportation
modes, travel purposes, and geographic areas.

e Sustainable transportation: Sustainable transportation modes include pedestrian, bicycle,
and public transit modes. In general, these transportation modes produce fewer
pollutants, use less infrastructure, and take up less public space per traveler than private
automobiles. While an empty bus tends to produce more pollution and take up more
space per traveler than a single automobile, this study recommends land use strategies
that would increase the use of existing transit systems towards their full capacity.
Therefore, transit is included in the definition of a sustainable mode.

e Shopping district: For this study, a shopping district is defined as the area within a half-
mile (804-m) radius of a retail pharmacy store survey site. This distance was chosen to
create consistent measures of the built environment in each shopping district. This
distance captured more than 60% of the non-home stops made by survey respondents.
Only 20% of non-home stops were located between 0.5 miles (804 m) and two miles (3.2
km) from the store, and 19% were located further than two miles from the store. The
shopping districts included many commercial establishments, such as retail stores, banks,
post offices, gas stations, and movie theaters, but they also included a range of other land
uses, including industrial, government, and residential properties. One specific part of
the shopping district is the store corridor. This is defined as the area 0.2-miles (321-m)
wide and 0.5-miles (804-m) long—0.25 miles in (402 m) in either direction—along the
commercial street adjacent to the store.

e Routine travel: Routine travel includes movement through space to participate in an
activity at a specific location. This may involve driving to a friend’s house, bicycling to
work, or walking between stores. Routine travel does not include movement that is done
exclusively for recreation or exercise (starting and ending at the same location without
stopping along the route to participate in an activity). It also excludes travel made




outside of a person’s local urban region (e.g., the nine-county San Francisco Bay region).
Note that many people who walk and bicycle to work, shopping, church, or the gym
enjoy the benefit of exercise, but these movements are still classified as routine travel
because they involve a person participating in an activity outside of his or her home at
some point on his or her tour.

1.4. RESEARCH QUESTION AND CONCEPTUAL FRAMEWORK
The overarching research question explored throughout this dissertation is:
What factors are associated with walking or bicycling for routine travel?

In particular, what travel, socioeconomic, attitude, perception, and shopping district
characteristics are associated with walking or bicycling rather than driving to, from, and within
shopping districts?

Research Subquestions
This question led to three specific research subquestions. These subquestions are explored in
depth in the main body of this dissertation:

Chapter 4: What methods are needed to record and analyze all modes of transportation that are
used by a person on a tour from the time they leave home until they return home? This includes
detailed information about short pedestrian trips and walking done as a secondary mode of
transportation (e.g., walking from a street parking space to a store entrance or walking from
home to a bus stop).

Chapter 5: What travel, socioeconomic, attitude, perception, and local environment
characteristics are associated with walking or bicycling rather than driving to and from
shopping districts?

Chapter 6: What travel, socioeconomic, attitude, perception, shopping district, street, and site
characteristics are associated with walking rather than driving between activities within the
same shopping district?



Conceptual Framework
The conceptual framework that guided the data collection and analysis process during this study

is shown in Figure 1.1.

Figure 1.1. Conceptual Framework for Data Collection and Analysis
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Note that the conceptual framework diagram illustrates the key associations that are being
explored through the data collection and analysis process. There are also likely to be
relationships between each of the categories of explanatory variables. In particular,
socioeconomic characteristics may be related to all of the other characteristics. For example,
people who have disabilities (socioeconomic characteristic) may not enjoy bicycling (attitude
characteristic) as much as other people because bicycling is painful or not physically possible for
them.

DOCUMENT ORGANIZATION

This dissertation is organized into eight chapters. Following this introduction, Chapter 2,
“Literature Review”, includes a summary of existing literature related to pedestrian and bicycle
mode choice, and Chapter 3, “Methodology”, provides a general overview of the mixed-methods
methodology applied in this study. Both Chapter 2 and Chapter 3 provide general information.
Additional topics from the literature and specific details of the methodological approaches
related to particular research subquestions are described in Chapters 4, 5, and 6.



Chapter 4, “Measuring Transportation at a Human Scale: An Intercept Survey and GIS
Approach to Capture Pedestrian Travel,” Chapter 5, “Factors Associated with Sustainable Travel
to and from Shopping Districts,” and Chapter 6, “Walk or Drive Between Stores? Factors
Supporting Sustainable Transportation within Shopping Districts,” are the core chapters of this
document. Each covers one of the research subquestions. Chapter 7, “Lessons for Planning
Practice,” discusses overall conclusions from the study and presents a theory of how people
choose transportation modes. It also suggests how the study findings can lead to practical
strategies to increase walking and bicycling for routine transportation. Finally, Chapter 8,
“Considerations and Future Research,” provides an overview of follow-up studies that could be
conducted to build on the findings of this dissertation.

10



CHAPTER 2. LITERATURE REVIEW

This dissertation is intended to improve upon existing research methodologies and provide new
insights into several theoretical debates in the sustainable transportation field. Therefore, this
literature review chapter presents several overarching issues that are discussed in greater detail in
later chapters. The first section covers existing methodological challenges, and the second
section describes factors that have uncertain relationships with walking or bicycling in the
existing literature. These issues drove the development of this research project.

2.1. METHODOLOGICAL ISSUES IN MULTIMODAL TRANSPORTATION
RESEARCH

Pedestrian and bicycle transportation choices have often been analyzed within methodological
frameworks developed for analyzing the choice of automobile versus public transportation.
These existing frameworks have several limitations. They typically:

® Analyze only the primary mode of transportation used for a trip rather than accounting
for walking or bicycling that occurs after parking a car or getting off a bus or train.

e Use large geographic zones (e.g., traffic analysis zones) to quantify, analyze, and predict
future travel between different parts of urban regions, when most walking and bicycling
activity occurs within these zones.

¢ [gnore the influence of tour-level decisions on mode choice (e.g. choosing to leave home
with a car or with a bicycle may make it less likely to walk for a short trip distance within
a trip chain), although activity-based approaches are addressing this issue.

e Rely almost exclusively on statistical models to understand transportation mode choices,
when the complex set of factors that influence travel behavior (especially walking and
bicycling behavior) are very difficult to distill into a small number of predictive variables.

¢ Discount the influence of cultural norms and perceptions of safety and security on travel
behavior, but these factors may be particularly important for pedestrian and bicycle mode
choices.

Several methodological challenges identified from previous pedestrian and bicycle travel
behavior studies are described below.

Lack of a clearly-defined process to collect and analyze detailed pedestrian travel data

A limited number of studies have gathered and analyzed detailed data on short pedestrian trips or
secondary walking movements, such as the time spent walking to and from transit stops or
walking across the street from a parking space to a store. Several regional travel surveys have
attempted to capture all modes used between activity locations (Metropolitan Transportation
Commission 2000; Delaware Valley Regional Planning Commission 2000; Chicago
Metropolitan Agency for Planning 2008). However, most studies using regional household
travel survey data do not analyze secondary walking trips. Even when short pedestrian stages are
captured, it is not common for analysts to examine these data. According to a summary report
for the Chicago Regional Household Travel Inventory, “If every single walking movement were
gathered, the final mode to almost every location would be by foot” (Chicago Metropolitan
Agency for Planning 2010).
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Detailed information about walking has been captured in studies that have used global
positioning systems and/or accelerometers (Rodriguez, Brown, and Troped 2005; Forsyth et al.
2007; Dill and Gliebe 2008; Forsyth et al. 2008). However, it was necessary for researchers to
pre-select study participants to use these technologies. These studies did not solicit participants
while they were conducting routine travel. Participants in these studies had time to think about
their travel, think about researcher or social expectations for their behavior, and potentially
adjust their routine travel patterns consciously or unconsciously.

Other researchers have gathered walking data from mobile devices (Ratti et al. 2006) or bicycle
route data from smart phone global positioning systems (GPS) applications (Charlton et al. 2011)
to map paths in urban environments. However, these studies do not use controlled samples—
only people who own particular mobile devices and have them turned on are able to be tracked.
Maps of pedestrian or bicycle tracks from mobile devices do not represent all walking or
bicycling activity in a particular location or represent the share of total travel in a community that
is done by walking or bicycling. In addition, it is not possible to match geographic walking or
bicycling tracks with traveler socioeconomic information or other important attitude and
perception characteristics unless the subjects enter data into a smart phone or other application
(Charlton et al. 2011).

There are few studies that have captured detailed walking movements while also capturing
respondent socioeconomic information and their attitudes and perceptions related to walking.
The method used in this dissertation gathered both types of data from a sample of people who
were in the process of doing routine travel.

Few tour-based analyses of pedestrian and bicycle mode choice

This study captured information about the entire tour made by survey participants, rather than
viewing individual trip links in isolation. Previous pedestrian, bicycle, and physical activity
studies have tended to either examine the characteristics of individual trips, such as home to
work, school, or transit station (Loutzenheiser 1997; Purvis 1997; Dill and Carr 2003; Cervero
and Duncan 2003; Schlossberg et al. 2006; Kim and Ulfarsson 2008; Ryley 2008) or general
levels of walking, bicycling, or physical activity during a particular time period (Ball et al. 2001;
Clifton and Dill 2005; Frank et al. 2006; Forsyth et al. 2007; Brown, Khattak, and Rodriguez
2008; Forsyth et al. 2008). However, there are many short trips that appear to be good
candidates to be made by walking or bicycling, but they are made by automobile because they
are part of an entire tour that can be made more conveniently by automobile. Therefore, several
researchers have considered walking and bicycling as a part of entire tours, or trip-chains, which
include the set of trips from the time a person leaves home until they return home (Bowman and
Ben-Akiva 2000; Jonnalagada et al. 2001). Chen, Gong, and Paaswell (2008) suggest that trip
chains, rather than individual trips, should be used for analyzing mode choice. Controlling for
trip-chaining characteristics in this study revealed factors that were associated with pedestrian
mode choice (such as more street trees, lower commercial roadway speed limits, and fewer busy
commercial roadway driveway crossings).

Undetermined magnitude of impacts of residential self-selection on travel behavior
Some researchers suggest that the characteristics of a neighborhood do not have as much
influence on residents’ choices to walk and bicycle as their predisposition towards walking or
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bicycling. People who have pro-environment attitudes or who enjoy walking and bicycling will
do these activities more, regardless of where they live (Kitamura, Mokhtarian, and Laidet 1997,
Shriver 1997). While changing the design of a neighborhood may motivate some changes in the
travel behavior of existing residents, people who prefer walking and bicycling also self-select
into neighborhoods where walking and bicycling are convenient and comfortable (Handy and
Mokhtarian 2005; Cao, Mokhtarian, and Handy 2009). Compared to people who do not bicycle
at least once per week, regular bicyclists are more likely to choose to live in a bicycle-friendly
community (Handy, Xing, and Buehler 2010). This indicates that it is important to control for
personal attitudes when studying neighborhood factors that may be associated with pedestrian
and bicycle mode choice.

Unclear understanding of the complex decision process individuals use to choose transportation
modes

A number of researchers have suggested that new approaches are needed to understand the
complex causal mechanisms involved in travel decisions (Lee and Moudon 2004; White 2007;
Forsyth et al. 2008; Saelens and Handy 2008; Handy, Xing, and Buehler 2010). These new
approaches include talking with individuals about general influences on their travel behavior and
more specifically about how they make mode choice decisions for particular trips. This study
supplemented survey data with in-depth interviews to explore how several study participants
considered time and travel distance, personal environmental values, and social norms related to
walking and bicycling within their local community when making mode choice decisions. This
approach provided a deeper understanding of individuals’ mode choice decision-making
processes than survey data alone.

Limited understanding of factors that have causal influences on mode choice

Many studies have identified significant associations between built environment variables and
pedestrian and bicycle activity levels through cross-sectional studies. However, these
associations do not prove that causal relationships exist (Handy, Xing, and Buehler 2010). For
example, adding bicycle facilities to a shopping district may make it a more attractive place to
bicycle, which could increase bicycling for routine trips. But communities often add bicycle
facilities in areas that already have high bicycle volumes in order to make conditions safer and
more comfortable for existing bicyclists. In this case, a high level of bicycling would precede
the bicycle facilities. Therefore, bicycle facilities and bicycle mode choice may have an
endogenous relationship.

Showing that a particular factor caused a change in walking or bicycling requires quantifying the
level of pedestrian or bicycle activity in an area before and after the intervention was done while
showing that this change was greater than the change in walking or bicycling that occurred in a
similar control area over the same time period. As a cross-sectional study, this dissertation does
not imply that particular planning strategies will cause more walking or bicycling. However,
planning shopping districts with higher population and employment densities, a greater mix of
uses, more street trees, less expansive parking, more designated bicycle facilities; designing
commercial streets to have lower speed limits and fewer busy driveway crossings; and clustering
stores around shared parking areas are likely to make these activity centers comfortable for
walking and bicycling. Even if residents living near a shopping district that is redeveloped with
these characteristics do not immediately shift to walking and bicycling more, they may change
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their behavior slowly over time. The shopping district may also attract new residents who prefer
to walk and bicycle more.

2.2. FACTORS THAT HAVE UNCERTAIN RELATIONSHIPS WITH PEDESTRIAN
AND BICYCLE TRAVEL

It is not clear which planning strategies may have the greatest potential to increase pedestrian
and bicycle activity in different types of urban environments. Researchers have found several
categories of factors to be related to pedestrian or bicycle mode choice. These categories include
travel time and cost (Purvis 1997; Bowman and Ben-Akiva 2000; Jonnalagadda et al. 2001;
Cervero and Duncan 2003; Mackett 2003; Kim and Ulfarsson 2008; Ryley 2008), socioeconomic
(Bowman and Ben-Akiva 2000; Cervero and Duncan 2003; Kim and Ulfarsson 2008), attitudinal
(Kitamura, Mokhtarian, and Laidet 1997; Handy and Mokhtarian 2005; Walton and Sunseri
2007; Handy, Xing, and Buelher 2010), perception (Saelens et al. 2003; McMillan et al. 2006;
Handy, Xing, and Buelher 2010), neighborhood land use (Purvis 1997; Cervero and Duncan
2003; Kim and Ulfarsson 2008; Krizek, Forsyth, and Baum 2009; Schneider, Arnold, and
Ragland 2009; Ewing et al. 2010; Ewing and Cervero 2010; Handy, Xing, and Buehler 2010),
and transportation system factors (Black, Collins, and Snell 2001; Jonnalagada et al. 2001; Dill
and Carr 2003; Cervero and Duncan 2003; Ewing et al. 2010; Ewing and Cervero 2010; Handy,
Xing, and Buehler 2010).

While many studies have found associations between travel time and cost, socioeconomic
characteristics, attitudes towards walking and bicycling, and certain local environment
characteristics and higher levels of walking and bicycling, most studies have looked at only one
or two categories of factors. Few existing studies have attempted to control for a wide range of
factors within the same research framework. Therefore, practitioners have little guidance about
which factors may be most effective at changing travel behavior to increase walking and
bicycling.

This study also explores several specific types of factors that have not shown definitive
relationships with walking and bicycling in detail. These factors include perceptions of crime
and crash risk, urban design characteristics, and the number of activity stops being made and
bags being carried by travelers their tours.

Perceptions of Crash and Crime Risk

This study explored the relationship between people’s perceptions of traffic safety (e.g., crash
risk) and personal security (e.g., crime risk) and walking and bicycling in the shopping district
study areas. This issue was also discussed during in-depth interviews. Several previous studies
had explored perceptions of traffic safety and personal security. Some found that perceptions of
safer streets were associated with more walking and bicycling (Saelens et al. 2003; Cao, Handy,
and Mokhtarian 2006; McMillan et al. 2006). However, perceptions of crime had a significant
association with walking and bicycling in some studies (Hooker et al. 2005), but not others
(Saelens et al. 2003). Some studies analyzed perceptions of “safety”, including both crime risk
and crash risk in a single factor (Suminski et al. 2005). This study made a distinction between
these two concepts, as done by Saelens et al. (2003). It also explored how people’s perceptions
were different between daytime and night. Concerns about both traffic safety risk and crime risk
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were mentioned by many interview participants as influencing their travel behavior, and the
survey showed that crash risk perceptions had a statistically-significant relationship with mode
choice.

Roadway Design Factors

Researchers have struggled to identify how roadway features such as sidewalks, bicycle lanes,
median islands, traffic signals, roadway speed limits, and driveway crossings impact pedestrian
and bicycle use. This is because few have had resources to develop detailed measures of these
features, quantify walking and bicycling that occurs on or near these features, and use research
designs that control for the influence of travel distances and land use characteristics on mode
choice. For example, it is common for researchers to classify entire neighborhoods or traffic
analysis zones as “traditional”, “suburban”, “new urbanist” or “transit-oriented” and use
aggregate measures of neighborhood walking and bicycling conditions, such as “pedestrian
accessibility”, “walkability”, “route-comfort”, or “bicycle-friendliness” (Parsons Brinckerhoff
1993; Kitamura, Mokhtarian, and Liadet 1997; Shriver 1997; Ewing and Cervero 2001; Cervero
and Duncan 2003; Clifton and Dill 2005; Cao, Handy, and Mokhtarian 2006; Handy, Cao, and
Mokhtarian 2006; Brown, Khattak, and Rodriguez 2008). These aggregate measures do not
capture the effects of pedestrian and bicycle facilities on specific roadway segments or
intersections. This dissertation used detailed measures of urban design characteristics as
variables in mode choice models and identified significant relationships between several of these

features and walking and bicycling.

Many studies have found that people prefer walking on streets with important aesthetic features
such as street trees (Appleyard 1980; Southworth 2005; Ewing et al. 2006), low noise levels
(Appleyard 1980; Gehl 2002), inviting windows and fences (Ewing et al. 2006), good views
(Gehl 2002), and street lights (City of San Francisco 2008). Other studies have shown that
people prefer to bicycle on multi-use trails, bicycle lanes that are separated by barriers from
moving vehicles, and quiet residential streets rather than sharing roadways with high-speed,
high-volume automobile traffic (Schneider et al. 2006; Winters and Teschke 2010; Winters et al.
2010). However, few of these studies quantify the effect of these design features on pedestrian
and bicycle volumes or mode choice. This study was able to quantify the relationship between
several urban design features and the choice of walking or bicycling to, from, and within
shopping districts.

Number of Bags and Number of Activity Stops

This study gathered information about the total number of activity stops and total number of
items subjects were carrying on their tours. While this would seem to be an important barrier to
walking, bicycling, and taking transit, few studies have identified the significance of this factor
using empirical data. Richards and Ben-Akiva (1974) inferred that walking for shopping trips
was more onerous than walking to work because a person was more likely to be carrying bags,
and qualitative responses to a journey-to-school survey showed that heavy backpacks were a
barrier to walking (Schlossberg et al. 2006). Carrying heavy packages was cited as a primary
reason for using a car instead of walking or bicycling for shopping trips shorter than five miles
(Mackett 2003) and listed as one of the top 10 deterrents of bicycling (Winters et al. 2010).
However, Amado (2006) observed shoppers at several grocery stores in the Seattle region and
concluded that the number of bags carried by customers did not influence mode choice.
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In addition, it is not clear whether the number of activity stops on a trip chain have any
association with mode choice. Compared with driving, people may be less likely to bicycle and
much less likely to take transit and walk on tours that have a greater number of stops
(Jonnalagadda et al. 2001). However, a study of four Austin neighborhoods showed that
between 82 and 92 percent of walking trips were made for more than one activity (Shriver 1997).

2.3. SUMMARY OF RESEARCH NEEDS

Methodological gaps identified in the literature include:
e Lack of a clearly-defined process to collect and analyze detailed pedestrian travel data
e Few tour-based analyses of pedestrian and bicycle mode choice
¢ Undetermined magnitude of impacts of residential self-selection on travel behavior
¢ Unclear understanding of the complex decision process individuals use to choose
transportation modes
¢ Limited understanding of factors that have causal influences on mode choice

Researchers have found several categories of factors to be related to pedestrian or bicycle mode
choices. These include travel, socioeconomic, attitudinal, perception, land use, and
transportation system characteristics. Few studies have explored all of these categories of factors
simultaneously within the same methodological framework. In addition, several factors in these
categories have uncertain relationships with pedestrian and bicycle travel, including:

e Perceptions of crime and crash risk

® Roadway design factors

e Number of bags being carried and number of activity stops being made

This dissertation takes a first step toward filling several of these gaps.
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CHAPTER 3. METHODOLOGY

This chapter provides an overview of the methodology used for this study of sustainable
transportation mode choice. It includes background information about the study area, survey site
selection process, survey instrument and administration procedures, interview questionnaire and
administration procedures, built environment variable measurements, and data analysis
approaches. More detail about certain methodological approaches, as they relate to specific
research subquestions, is provided in Chapter 4, Chapter 5, and Chapter 6.

3.1. STUDY AREA

Twenty shopping districts located within four San Francisco Bay Area Counties were chosen for
the study. Alameda, Contra Costa, San Francisco, and San Mateo counties have a combined
population of approximately 4 million residents (US Census Bureau 2008). Environments within
this study area range from the San Francisco central business district and surrounding dense
residential neighborhoods to moderately-dense suburbs developed along streetcar lines to low-
density, automobile-oriented suburbs. The Bay Area Rapid Transit (BART) system has regional
rail stations in all four counties, and San Francisco operates a light rail system within its city
limits. Several transit companies provide bus service throughout the study area.

Each shopping district was defined as the area within a 0.5-mile (804-m) radius of the retail
pharmacy store where the survey was administered. This distance captured more than 60% of
the non-home stops made by survey respondents. Only 20% of non-home stops were located
between 0.5 miles (804 m) and two miles (3.2 km) from the store, and 19% were located further
than two miles (3.2 km) from the store. The shopping districts included many commercial
establishments, but they also included a range of other land uses, including industrial,
government, and residential properties.

3.2. SURVEY SITE SELECTION

This section describes the rationale for choosing to survey at retail pharmacy stores and the
process used to select store sites for distributing the survey.

Rationale for Choosing to Survey at Retail Pharmacy Stores

The survey was conducted at retail pharmacy stores in 20 shopping districts, five in each of the
four counties. Retail pharmacy stores were used for several reasons: 1) the stores were located in
a variety of built environments (urban and suburban) and have a variety of site designs (parking
lot vs. no parking lot; different setbacks; different square footage); 2) the stores were patronized
by customers with a wide range of ages, incomes, professional backgrounds, and other
socioeconomic characteristics; 3) the stores sold a relatively consistent basket of goods; 4) the
stores were distributed throughout the Bay Area in such a way that most people are within two
miles of a store, which was a “comfortable” bicycling distance and possible for walking; and 5)
the stores had only one entrance, which prevented the systematic bias of surveying people from
one entrance by the sidewalk versus a different entrance by the parking lot.

17



Grocery stores were not chosen because people shopping for groceries often need to carry
multiple bags, which tends to favor driving to the store and between locations within the
shopping district. Each store was selected from the same national retail pharmacy chain in order
to control for individual store and brand preferences.

Surveys were administered at stores rather than at people’s homes for several reasons: 1) In order
to analyze associations between shopping district and store site characteristics and travel
behavior, it was necessary to have a sufficient number of surveys completed at specific sites. If
neighborhood residents were surveyed at their homes, it would not be possible to invite a
sufficient sample of people who had been to a specific retail pharmacy store site recently; 2)
Survey participants were surveyed systematically on site, which could be done more quickly than
sampling from a list of neighborhood addresses; 3) Respondents were more likely to recall the
specific stops and short walking trips that they had just made and were about to make on their
tour than if they had been trying to recall a tour from earlier in the day or from a previous day.

In fact, some survey respondents needed to think for several seconds to remember where their
first stop had been and where they had transferred modes on more complex tours. This loss of
accuracy would have been more significant if more time had passed before a respondent was
asked to recall the characteristics of his or her tour.

Survey Store Site and Surrounding Shopping District Selection Process

In order to explore how site and shopping district characteristics were associated with different
transportation mode choices, it was important to conduct surveys at retail pharmacy stores in a
variety of urban and suburban environments. This required collecting detailed local environment
data at a sample of potential store sites and then selecting 20 specific study sites that had a range
of characteristics.

A two-step process was used to select store locations. First, since the national retail pharmacy
chain had more than 150 locations in the four-county study area, it was not feasible to collect
detailed neighborhood and site data for all stores. Instead, a preliminary list of 30 stores was
selected by reviewing all store addresses in each county and selecting locations that represented
different geographic areas. Each county had between seven and nine stores in the preliminary
list. Store site and surrounding shopping district characteristics were collected for each of the 30
preliminary stores. Second, 10 variables were used to select a subset of 20 stores that had a wide
variety of characteristics representing land use and proximity, transportation infrastructure and
metered parking, urban design elements, and crime risk. This was done by generating several
possible sets of 20 stores from the list of 30 stores. Each set had five stores from each county.
These sets were reviewed, and the set with the greatest range of values for the 10 variables was
chosen for the study (Table 3.1).

The 20 study shopping district locations are shown in Figure 3.1. The characteristics of these 20
shopping districts are summarized in the following paragraphs. Each of the variables discussed
was hypothesized to have an association with store customer mode choice. Note that many
additional variables were measured and used in the analysis, but these preliminary measurements
ensured that a variety of urban environments were represented in the study.
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Table 3.1., Part 1. Characteristics Considered for Initial Selection of 20 Retail Pharmacy Store Sites

Survey Location Land Use & Proximity | Transportation Infrastructure & Metered Parking Urban Design Elements Crime Risk Other Characteristics
3) % sidewalk Median
2)Total coverage on 9)Tree 10)Crime risk fannual Proportion of |Proportion of Number of

1) Total number of arterial & 4)Kilometers |5)Kilometers coverage category of household population households through-lanes

residential commercial collector ofbicycle ofautomobile |6)Presence of |7) Meters from |8) Meters from | category of neighborhood |income living within  |within 0.5 Total number Number of onadjacent
population properties streets within |facilities through-lanes |payparking store doorto |store to streets within |within0.5 (Dollars) 0.5 miles miles (804 m) |ofjobs within [Store hasa parking spaces|street with the
within 0.5 within 0.5 0.5 miles (804 |within 0.5 within 0.5 within 0.1 public closest BART |0.25 miles miles within 0.5 (804 m)thatis [thathaveno [0.5 miles (804 |drive through |inthe store most through-

Name County miles (804 m)’ [miles (804 m)* |m)’ miles (804 m)" [miles (804 m)° [miles (161 m)° |sidewalk’ station” (402 m)’ (804 m)"° miles (804 m) |White automobile  |m) window parkinglot [lanes

Berkeley Alameda 12233 112 100] 8.96| 81.74 1 10| 564 Medium Medium 35934 0.52] 0.21] 6331 0 37 4 00|
Oakland Alameda 12542 72 90 1.45 88.01 0 2 1497 Low High 30787 0.15] 0.20] 1594 1 51 4 00|
Hayward Alameda 6246 69) 90| 0.00| 78.68 0 20, 1506 Low High 45779 0.60| 0.10] 1711 0 44 6 00|
Fremont Alameda 6475 15 100] 3.41 60.98 0 10| 412 Medium Medium 63094 0.48] 0.13] 4205 1 197 6 00|
Pleasanton Alameda 3798 21 100] 1.71 65.00 0 52 3646 High Low 92688 0.88] 0.03] 1208 0 442 4 00|
Danville Contra Costa 1635 51 90 7.74] 53.74 0 20 11997 High Low 93413 0.90] 0.02] 609 0 290 4 00|
Brentwood Contra Costa 1655 40 70 8.69 52.94 0 28 24280 High Low 57478 0.76 0.10 195 1] 193 4 00}
Concord Contra Costa 4320 141 100 0.00] 69.67 0 10) 997| High Medium 44435 0.63] 0.31] 11634 0 59 4 00|
Richmond Contra Costa 10899 82 95 2.72 86.08 0 33 430]  Medium High 28243 0.21] 0.30] 3229 0 310] 4 00|
El Cerrito Contra Costa 6358 95 100 10.18 79.81 1 40 227  Medium High 54250 0.27] 0.13] 2216 1 250 5 00|
SF--Market St. _[San Francisco 22148 528] 100 5.87| 109.89 1 1 342 Medium Medium 31216 0.42] 0.81] 145200, 0 0 4 00|
SF--Fillmore St. [San Francisco 23960 122 100 0.00] 84.96 1 1 1899, High Medium 63896 0.60| 0.33] 14561 0 10 3 00|
SF--Taraval St. _[San Francisco 12732 71 100 2.82 66.13 1 1 3605 Low Medium 71323 0.45] 0.11] 2132 0 0 4 00|
SF--Mission St. |San Francisco 32190 204 100 3.14] 90.75 1 1 203| Medium High 55520 0.57] 0.33] 7584 0 0 4 00|
SF--Third St. San Francisco 12733 70) 100 0.53 70.64 0 3 3403 Low High 43055 0.10] 0.19] 3359 0 44 4 00|
S. San Francisco|San Mateo 8635 9 80, 2.65 67.58| 0] 90| 2295 Medium| Medium 72741 0.27 0.04 778 0 420 5 00|
Daly City San Mateo 12000 155 80 0.00] 82.06 1 1 538| Low Low 58819 0.27] 0.11] 2394 0 78| 6 00|
Burlingame San Mateo 4411 86 70] 0.00| 69.51 1 3 2473 High Low 90478 0.79) 0.05] 4375 0 20| 2 00|
San Mateo San Mateo 9631 207, 95, 1.56 69.83 1 1 6826 High High 73154 0.64] 0.16] 6332 1 60| 2 00|
San Carlos San Mateo 4931 147 50 3.54 65.97] 0] 39 16727 Low Low 74540 0.83 0.06 4195 1 85 5 00|
Mean 10477 115 91 3.25 74.7] 0.45 18 30 4193 59042 0.52 0.19 11192 0.30] 129 50, 4 20|
Std. Dev. 7849 112 14 3.30] 13.7 051 2320 6356 20336 0.25 0.18 31757 0.47] 142.14 1.11]
Median 9133 84 98| 2.69 702 0 00] 10 00 1703] 58148 0.54] 0.13 3294 0.00| 59.50 4 00|
Minimum| 1635 9| 50] 0.00] 52 9] 0 00| 100 203] 28243 0.10] 0.02 195 0.00| 0 00| 200
Maximum 32190 528 100 10.18 109 9 100 90 00 24280 93413 0.90] 0.81 145200 1.00] 442 00 6 00
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Table 3.1., Part 1. Characteristics Considered for Initial Selection of 20 Retail Pharmacy Store Sites: Footnotes

1) Total population within 0.5 miles (804 m) was calculated from 2000 census block group data. The calculation of population only included portions of census block
groups within the 0.5-mile (804-m) radius of the store.

2) Commercial retail/entertainment properties were defined by the four county assessor's offices. These commercial land uses included commercial, entertainment, store,
service, tourism, store on first floor with other above, department store, single-story store, restaurant, post office, bank, supermarket, food store, lodge hall, car wash, gas
station, auto dealer, movie theater, bowling alley, winery, stadium, commercial mix, and commercial building. This category did notinclude commercial office buildings.
Note that one building structure could include multiple commercial properties.

3) The sidewalk coverage calculation assumed that complete coverage was continuous sidewalks on both sides of the street. Therefore, if a street had sidewalks on both
sides, it had 100% sidewalk coverage. If a street had a complete sidewalk on one side, but no sidewalk on the other, it had 50% coverage.

4) Bicycle facilities included bicycle lanes, shared lane markings, bicycle boulevards, and multi-use trails. They did not include streets that only had bicycle route signs.
Bicycle facility kilometers were calculated using the same methodology as automobile lane kilometers. If bicycle lanes or shared lane markings were on both sides of a
one-kilometer-long street segment, this represented two kilometers of bicycle facilities (this avoided the problem of misrepresenting one-way bicycle facilities on one-way
streets). Bicycle boulevards and multi-use trails are two-way facilities, so one-kilometer of centerline counted as two kilometers of bicycle facilities.

5) The calculation of automobile lane kilometers included only surface streets. It did notinclude limited-access highways or private drives. Automobile lane kilometers
were calculated by direction. Therefore, a one-kilometer segment of two-lane roadway was counted as two lane kilometers. Exclusive turn lanes were notincluded in this
calculation. Local streets (not arterial or collector roadways) were assumed to have one lanein each direction.

6) Presence of pay parking within 0.1 miles (161 m) was noted using Google Street View.

7) Meters from store door to public sidewalk was measured as the most direct path from the door to the sidewalk that did not involve crossing fences or landscaping.
Measurement was done using the Google Earth measuring tool. Building doors were located using Google Street View.

8) Meters from store to closest BART station was measured as the straight-line distance from the store centroid to the BART station centroid. Measurement was donein
GIS.

9) Tree coverage was based on an estimate of the total public right-of-way surface area within 0.25 miles (402 m) of the store that was covered by tree canopy. Estimates
were made based on Google Earth aerial images from June 2007 and July 2007 (leaves were on the trees). The tree coverage estimates associated with each category were:
High (>10%), Medium (5% to 9%), and Low (<5%).

10) Major crime risk was based on the four Part 1 violent crimes, as defined by the FBI Uniform Crime Report Categories. These crimes are homicide, rape, aggravated
assault, and robbery. The crime data included all Part 1 violent crimes reported in June 2009 within 0.5 miles (804 m) of each store location. Data were collected from
local police department staff, local police department websites, and CrimeReports.com. The data were normalized to a crime rate by dividing the number of reported
crimes by the estimated weekly pedestrian volume at an intersection adjacent to the store and multiplying by 100,000. The pedestrian volume estimate was based on the
model developed by Schneider, Arnold, and Ragland (2009), which predicts pedestrian volume based on population within 0.5 miles (804 m), employment within 0.25
miles (402 m), commercial properties within 0.25 miles (402 m), and regional transit stations within 0.1 miles (161 m). The crime rates associated with each category
were: High (>80), Medium (20 to 80), and Low (<20). Crime data were not available for one location that was not selected.




Figure 3.1. San Francisco Bay Area Shopping District Survey Sites
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Land Use and Proximity
e 3 selected survey stores had more than 20,000 people living within 0.5 miles (804 m); 6
selected locations had fewer than 5,000 people living within 0.5 miles (804 m).
® 5 survey stores had more than 140 commercial properties within 0.5 miles (804 m); 6
locations had fewer than 70 commercial properties within 0.5 miles (804 m).

Transportation Infrastructure and Metered Parking

e 10 survey stores had 100 percent sidewalk coverage on arterial and collector streets
within 0.5 miles (804 m) and 5 had less than 90 percent coverage.

e 5 survey stores had more than 3 miles (4.8 km) of bicycle facilities within 0.5 miles (804
m); 8 survey stores had less than 1 mile (1.6 km) of bicycle facilities within 0.5 miles
(804 m).

e 7 survey stores had more than 50 automobile lane miles (80 automobile lane kilometers)
within 0.5 miles (804 m); 3 survey stores had fewer than 40 automobile lane miles (64
automobile lane kilometers) within 0.5 miles (804 m).

® 9 gsurvey stores had pay parking spaces within 0.1 miles (161 m); 11 survey stores did not
have pay parking nearby.

Urban Design Elements

® 5 survey stores had doors that were more than 30 meters from the closest public
sidewalk; 9 survey stores had doors that were less than 3 meters from the sidewalk.

e 7 survey stores were located within 0.5 miles (804 m) of the closest BART station; 10
survey stores were located further than 1 mile (1.6 km) from a BART station.

e 7 survey stores had “high” tree coverage; 7 stores had “medium” tree coverage; 6 stores
had “low” tree coverage. The tree coverage category represented the estimated
percentage of public right-of-way surface area covered by tree canopy within 0.25 miles
(402 m).

Crime Risk
e 7 survey stores had “high” crime risk; 7 stores had “medium” crime risk; 6 stores had
“low” crime risk. Crime risk was estimated by the number of violent crimes reported
within 0.5 miles (804 m) of the store in June 2009 normalized by estimated pedestrian
volume.

Additional Characteristics
While the 10 variables listed above were used to select the 20 study shopping districts, several
other measures indicated that there was good variety between the 20 sites:

e 7 survey store shopping districts had neighborhood median household incomes of more
than $70,000; 4 shopping districts had neighborhood median household median incomes
of less than $40,000.

e 5 survey store shopping districts had more than 30 percent of households without an
automobile; 5 shopping districts had more than 90 percent of households with an
automobile.

e 7 survey stores had parking lots with more than 100 spaces; 5 stores had parking lots with
fewer than 50 spaces; 3 stores did not have parking lots.
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® 6 survey stores were adjacent to main roadways with more than 4 lanes; 3 stores were
adjacent to main roadways with fewer than 4 lanes.

® 6 survey stores had drive-through pharmacy windows; 14 stores did not have drive-
through windows.

3.3. SURVEY INSTRUMENT AND ADMINISTRATION PROCEDURES

This section describes the survey instrument used at 20 retail pharmacy store study sites and
provides an overview of how the survey was administered by three data collectors.

Survey Instrument

The survey was designed to capture customer travel patterns, socioeconomic characteristics,
attitudes towards different travel modes, and perceptions of neighborhood crime and
transportation safety (see Appendix A). General travel information included the number of stops
(activity destinations) that the respondent had already been to and was planning to visit before
returning home, out-of-pocket travel costs, number of people traveling with the respondent,
number of packages or bags being carried by the respondent, and when the respondent decided to
visit the store.

Socioeconomic information collected in the survey included household size, vehicle ownership
(automobile and bicycle), employment, annual household income, age, and gender. Other
questions gathered information about how easy it would be to change personal travel behavior,
transportation and the environment, pedestrian and bicycle safety, personal attitudes towards
walking and bicycling, perceptions of neighbors’ attitudes towards walking and bicycling, and
perceptions of crime and traffic safety in the area surrounding the retail pharmacy store.

Detailed travel data were collected within a two-mile (3.2-km) radius of the store. Surveyors
marked the location of all stops within the two-mile (3.2-km) radius (exact location or the closest
intersection) and also wrote the general locations of other stops made outside of the two-mile
(3.2-km) radius (i.e., name of the city or neighborhood where each stop was made) on a map on
the back side of the survey form. Respondents who lived outside of the two-mile (3.2-km) radius
were included in the survey (they represented 23% of respondents).

A two-mile (3.2-km) radius was used to define the map area because this study focuses on
pedestrian and bicycle travel. The 2009 NHTS showed that approximately 97% of walking trips
and 74% of bicycling trips are two miles (3.2 km) or less (unweighted trip data) (Federal
Highway Administration 2009). In addition, the map scale was approximately the smallest
possible that allowed nearly all streets to be labeled.

As the surveyors recorded the route taken by the respondent, they asked about different travel
modes used on the tour. If an automobile was used for any part of the tour, respondents were
asked to report whenever they walked for one-half block or more from a parking spot to an
activity or home (i.e., the only pedestrian movements that were not recorded were walking
within a parking lot, from a driveway into a house, or from a street parking space directly in front
of a destination). If transit was used, respondents were asked to report how far they walked to
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and from each transit stop (walking within a transit station or transit station parking lot was not
recorded).

The survey instrument was pilot tested in spring 2009 and was approved by the UC Berkeley
Committee on the Protection of Human Subjects in August 2009. English and Spanish versions
of the survey instrument were used. The consent form that was offered to all survey participants
is included in Appendix B.

Survey Administration

More than 1,000 retail pharmacy store customers took the survey between August 29, 2009 and
December 9, 2009. 4,585 retail pharmacy store customers were invited to participate in the
survey, and 1,003 customers (22%) took the survey. Permission to administer the survey was
provided by the retail pharmacy store company, and the head data collector notified the store
manager in person at the beginning of each survey period. Surveys were distributed relatively
evenly between each of the 20 stores (between 45 and 56 customers from each store were
surveyed). A summary of response rates from each of the 20 stores is presented in Table 3.2.

Approximately half of the surveys at each site were done on weekday afternoons between 4:00
p-m. and 6:00 p.m. (Fridays were excluded because they were expected to have substantially
different travel patterns than other days of the week). The other half of the surveys at each site
were done on Saturday late mornings and afternoons between 11:00 a.m. and 5:00 p.m. Most
survey periods were two hours in duration, but some were 30 minutes or one hour. Surveys were
done at more than one site on some days. All surveys were administered during daylight and fair
weather conditions. Temperatures during survey periods ranged from 50 °F (10 °C) to 85 °F (29
°C). Surveys were not offered when it was raining or when the previous day’s forecast predicted
more than a 50 percent chance of rain.

Table 3.2. Number of Surveys Completed by Location

Survey Location Completed Surveys Refusals
Weekday| Weekday Saturday| Saturday Total # of Response
ID|Address Municipality County Survey Dates Surveys| SurveyDates Surveys Surveys| Refusals Rate’
1/2801 Adeline Street Berkeley Alameda 9/3,9/21,10/21 26| 8/29,12/5 29| 55 263 17.3%
4/8102 E 14th Street Oakland Alameda 10/22 27 10/24] 24 51| 135 27.4%
6|21463 Foothill Boulevard Hayward Alameda 9/2,9/29 31 10/3 23 54 123] 30.5%
7|2600 Mowry Avenue Fremont Alameda 9/15 23 10/24 26 49 176 21.8%
8|1763 Santa Rita Road Pleasanton Alameda 9/23 21 12/5 28 49 163| 23.1%
9|611 San Ramon Valley Blvd. |Danville Contra Costa 10/7 21 11/21 24 45 112] 28.7%)
10|4520 Balfour Road Brentwood Contra Costa 10/28 24| 9/19,11/21 21 45 121 27.1%
12|1800 Concord Avenue Concord Contra Costa 10/8 26| 9/19,11/21 21 47| 174 21.3%
141150 Macdonald Avenue Richmond Contra Costa 9/14 23 10/10 28 51 140 26.7%
15|11565 San Pablo Avenue El Cerrito Contra Costa 8/31 25| 9/5,10/10 24 49 193] 20.2%
16|730 Market Street San Francisco |San Francisco 9/10, 12/9 26| 10/17,12/9 26, 52| 283| 15.5%,
171899 Fillmore Street San Francisco |San Francisco 10/5, 12/9 27| 11/14,12/9 26, 53| 225 19.1%,
19(1201 Taraval Street San Francisco |San Francisco 9/30 21| 11/7,11/14 26 47 180] 20.7%
20[2690 Mission Street San Francisco |San Francisco 9/28| 25 10/17 31 56| 178| 23.9%
21]5300 3rd Street San Francisco |San Francisco 10/1 24 11/14 25 49 121] 28.8%
24[2238 Westborough Blvd. S. San Francisco|San Mateo 10/20 26 9/26 22 48| 201 19.3%
25|22 San Pedro Road Daly City San Mateo 10/15 23 10/31 24 47 236 16.6%
26|1160 Broadway Burlingame San Mateo 10/26, 10/29 28| 9/26,12/5 26, 54 155 25.8%
27|191E 3rd Avenue San Mateo San Mateo 9/17, 10/26 27 10/31 26 53| 223 19.2%
28|1414 El Camino Real San Carlos San Mateo 9/24 25 9/12 24 49 180 21.4%
Total| 8/31to 12/9 499| 8/29to 12/5 504 1003 3582 21.9%

1) Response rate is calculated as (Number of surveys/Total number of people invited to participate in survey).
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Distribution Process

Surveys were offered to customers exiting each of the retail pharmacy stores. The first person to
exit the store at the beginning of the survey period was invited to participate in the survey. If
that person refused, the next person to exit the store was invited. After each completed survey,
the next customer who exited the store was asked to participate. Minors (younger than age 18)
were not allowed to participate. Some customers shopped in a group. As a group exited, the
first adult from the group was asked to participate. Only one member of each group was allowed
to participate.

Surveyors used a variation of the following question to invite customers to participate: “Hi,
could you help with a short survey?” In some cases, customers showed interest, but wanted
additional information or required more convincing before agreeing to participate. In these
cases, surveyors made statements, such as “I know you are in a hurry; I can do it fast”, “It will
only take three minutes”, “It is about transportation”, “It is about transportation and land use”, “It
is for my dissertation”, or “It is for school research”. When survey participants indicated an
initial willingness to participate, they were given the survey consent form.

Survey questions were read aloud to each participant, and the surveyors recorded all responses.
This was more efficient than having participants read through the questions and write their own
responses. In addition, it was helpful for survey participants who may have had difficulty
reading or writing. In some cases, surveyors were able to help respondents understand questions.
In other cases, surveyors were able to ask follow-up questions to clarify respondents’ answers.

Three different surveyors distributed surveys throughout the fall 2009 study period, including the
lead researcher and two Spanish-speaking assistants (Table 3.3). Each specific survey period
was covered by one or two of the surveyors. The surveyors stood approximately 10 feet (3 m)
from the store exit. Each surveyor had a clipboard with surveys, and the back side of the
clipboard had a sign that said “Student Survey.” At times when two surveyors were used, at
least one of the surveyors spoke Spanish. When one surveyor was administering a survey, the
other invited exiting customers to participate. When neither surveyor was administering a
survey, the surveyors typically alternated inviting customers to participate. If a customer said
that he or she did not speak English, he or she was directed to the Spanish-speaking surveyor, if
that surveyor was available.

Table 3.3. Number of Surveys Administered by each Surveyor

Surveyor Total Surveys| Percentage
Robert Schneider 549 54.7%
Carlos Velasquez (S) 304 30.3%
Melissa Chinchilla (S) 150 15.0%
Total 1003 100.0%

(S) indicates that the surveyor spoke both English and Spanish.

The survey was designed to be completed in three minutes for someone who was on a relatively
simple tour (e.g., one or two other stops besides the survey store) using a single travel mode.
However, the average survey time was estimated to be five minutes, and some surveys took up to
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10 minutes. During the survey, some participants added their own comments about specific
transportation modes, problems with the local transportation system, opinions about the
neighborhood, and other topics, so this extended the time needed to complete some surveys.

Non-Response
The gender, estimated age, and group size of all people who refused to participate in the survey

were recorded. This information was compared to the characteristics of the survey participants
to identify potential non-response bias.

59% of respondents were female; 41% of respondents were male (56% of non-
respondents were female; 44% of non-respondents were male). The survey respondents
were slightly more likely to be female than non-respondents at the 20 survey stores.

31% of respondents were between ages 18 and 34, 56% were between 35 and 64, and
13% were age 65 or older (30% of non-respondents were estimated to be between ages
18 and 34, 56% were estimated to be between 35 and 64, and 14% were estimated to be
age 65 or older). The survey respondents had an age distribution that was similar to non-
respondents at the 20 survey stores.

73% of respondents were traveling alone, 19% were traveling in two-person groups, 5%
were traveling in three-person groups, and 2% were traveling in four-or-more person
groups (78% of non-respondents were estimated to be traveling alone, 16% were
estimated to be traveling in two-person groups, 4% were estimated to be traveling in
three-person groups, and 1% were estimated to be traveling in four-or-more person
groups). The data recorded as non-respondents exited the store suggested that the survey
was more likely to capture people traveling in groups than is typical for the 20 survey
stores. However, it is likely that some customers who declined to participate were
traveling with other group members who were waiting in a car, shopping in a nearby
store, or exiting the Walgreens store at a different time. Therefore, the actual group size
for some customers refusing to participate in the survey could have been larger than
recorded.

Note that it was not possible to offer the survey to all customers exiting the store. It is not
known how many people exited the store while surveys were being administered to other
customers or how many people were not offered the survey because they exited at the same time
as another customer who was offered the survey. Insights into non-response were gained over
three months of surveying. Reasons why people did not participate in the survey are discussed in

Chapter 4.

Basic survey data are summarized in Appendix C. Some survey participants also provided
additional comments as they responded to the survey. These comments are summarized in
Appendix D.

3.4. INTERVIEW QUESTIONNAIRE AND ADMINISTRATION PROCEDURES

The goal of the interviews was to gain a deeper understanding of certain survey responses and to
get a sense for which factors have the strongest influence on mode choice decisions. Several sets
of questions were used to gather this information:

26



e Background information about the interview participants’ families, professions, and how
they traveled to different activities over the last day. These initial questions were also
used to build rapport with the interview participants.

¢ Opinions about transportation and the environment, including how difficult it would be
for the interviewees to change routine travel habits.

¢ General information about participants’ tour characteristics and mode choice, including
when they decided to use particular modes of transportation and how the number of
activity stops they needed to make and number of packages they needed to carry on their
tour.

¢ Thoughts about how neighborhood or built environment characteristics influence the
interviewees’ mode choices, including changes they would like to see in their
neighborhood to make walking and bicycling safer or more convenient. This included
information about types of locations where respondents liked to walk for pleasure.

e Feedback about the influence of parking cost, tolls, and transit fares on the interviewees’
mode choices. This also included feedback about specific travel behavior changes when
gas prices spiked in Summer 2008. It was anticipated that some participants could have
difficulty recalling specific travel behaviors after more than one year, but nearly all of the
interviewees recalled that there were higher gas prices and commented about them.

e Attitudes towards walking and bicycling, including what came to the interviewees’ minds
when they saw people walking or bicycling along a street in their community and reasons
why people in their community chose to walk or bicycle. This section also explored
whether or not the interviewees bicycled when they were children or teenagers, and how
their attitudes towards bicycling and bicycling behavior changed over time.

¢ Thoughts about generational differences in walking and bicycling behaviors, attitudes,
and perceptions, including whether the participants thought there were differences
between their peers and people who were older or younger. Follow-up questions were
often asked about how the interviewees had changed travel habits during different stages
of life.

The interview questionnaire was pilot tested with three of the lead researcher’s family members
in February 2010 to practice taking notes, asking follow-up questions, and make sure that the
questions were understandable to people who were not in the transportation planning field. The
final version of the questionnaire is provided in Appendix E.

In-depth interviews were conducted with 26 of the retail pharmacy store participants between
March 12, 2010 and July 15, 2010. The 26 interviewees were selected from the list of 172
survey participants who agreed to be contacted for a follow-up interview. An attempt was made
to contact all 172 people on the list by phone and/or e-mail, but not all people provided correct
contact information, and most people who had provided correct contact information did not
respond to the request for an interview. The 26 interview participants represented all parts of the
four-county study area. However, it is likely that these interviewees were more interested in the
topics of transportation and urban planning than non-participants, so their responses may reflect
this bias.

Nearly all interviews were conducted by telephone and recorded using a teleconferencing service
(www.totallyfreeconferencecalls.com). One participant wished to do the interview in-person on
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the UC Berkeley campus, and this conversation was recorded using the lead researcher’s mobile
phone. The lead researcher forgot to activate the conference call recording capabilities for one
participant, so the responses from this interview came from hand-written notes.

Before the interview started officially, the lead researcher went over the interview consent script
and asked the potential participant for verbal consent to conduct and record the interview
(Appendix F). There were no right or wrong answers, participants did not need to answer
questions that they did not feel comfortable answering, and they could end the interview at any
time. After receiving verbal consent, the recording was started, and the interview began.

Interview Theme Identification
Many important themes emerged from the interviews. Participant feedback suggested that the
mode choice process is complex, involving several considerations: 1) awareness and
availability, 2) basic safety and security, 3) convenience and cost, 4) enjoyment, and 5) habit.
These key considerations formed the basis of a proposed Theory of Routine Mode Choice
Decisions (Chapter 7). The in-depth interviews were also essential for uncovering insights about
several key themes related to the mode choice process:
e Walking and bicycling were viewed positively because they provided both physical and
mental health benefits.
® Most interviewees thought that reducing automobile travel would benefit the environment
by conserving natural resources and limiting air pollution.
¢ A single family member or close friend inspired some interviewees to walk or bicycle
more.
® Perceptions of traffic crash risk discouraged many interviewees from bicycling.
¢ Interviewees with little bicycling experience preferred bicycling on facilities that were
physically separated from automobile traffic.
¢  Work- and family-related time constraints were a barrier to walking or bicycling.
e Travel planning time, bad weather, and carrying packages were barriers to walking and
bicycling. These barriers were less significant when activity destinations were nearby.
¢ (Changes in work location prevented some interviewees from walking and bicycling.
¢ Few interviewees changed modes when gas prices spiked in Summer 2008.
e Bicyclists were viewed negatively by some interviewees because they were perceived as
being in the way of automobile traffic and/or exhibiting law-breaking or reckless
behaviors.

Each of the specific themes are described in more detail with specific quotes from interviewees
in Appendix G.

3.5. SHOPPING DISTRICT DESIGN VARIABLE MEASUREMENTS

More than 50 shopping district variables were measured using aerial photographs. Aerial
photographs were available from two commercial sources, Google Earth and Microsoft Bing
Maps. These aerial photographs had sub-one-foot pixel resolution, which made it was possible
to see automobile and bicycle lane lines, curb lines, sidewalk edges, buffer zones between the
curb and sidewalk, and building footprints. The aerial photographs were georeferenced, so they
could be matched with data layers in GIS. However, they were not corrected for the angle of the
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camera when the photo was taken, so some sidewalk sections were hidden “under” the roofs of
taller buildings in certain images. The width of these hidden sidewalks was estimated based on
the sidewalk width at the corner of the block and sidewalk on the opposite side of the street. The
aerial photographs from both sources had been taken between 2007 and 2009, so they provided a
close representation of the built environment that was present when respondents took the survey
at retail pharmacy stores in fall 2009.

The shopping district variables were measured and entered into the GIS database layers listed
below. More details about the variables created from these measurements, including sample
size, units of measurement, and summary statistics, are provided in Chapter 5 and Chapter 6.

Multilane roadways (roadways with 3 or more through-lanes) within the shopping district

around each survey store (e.g., within 0.5 miles (804 m) of the store). One measurement

was taken for each block, and the measurement represented the average value for the

entire block. Measurements were made to the closest 0.5 feet (15 cm). These data were

entered into a GIS line shapefile database.

Roadway width (curb-to-curb)

Sidewalk width (both sides, each entered into a separate database field)

Buffer width (both sides, each entered into a separate database field)

On-street parking lane width (both sides, each entered into a separate database field)

Outside lane width (both sides, each entered into a separate database field)

Bicycle lane or shoulder width (both sides, each entered into a separate database

field)

Raised median width

Number of automobile through-lanes

o Number of alley and busy driveway crossings (busy driveways included non-
residential driveways and driveways accessing residential buildings estimated to have
10 or more units)

o Average building setback from the public sidewalk or roadway right-of-way

o Steepness (difference in elevation between intersections at the end of each block—
this was converted to grade by dividing the change in elevation by the block length)

o Tree canopy coverage (estimated percentage of roadway and sidewalk right-of-way
covered out of the total land area devoted to public right-of-way)

Main commercial roadway within the shopping district (this street was the primary

commercial street adjacent to the survey store, and measurements were taken 0.25 miles

(402 m) in each direction from the store, constituting a 0.5-mile (804-m) corridor). One

measurement was taken for each block, and the measurement represented the average

value for the entire block. Measurements were made to the closest 0.5 feet (15 cm).

These data were entered into a GIS line shapefile database.

Roadway width (curb-to-curb)

Sidewalk width (both sides, each entered into a separate database field)

Buffer width (both sides, each entered into a separate database field)

On-street parking lane width (both sides, each entered into a separate database field)

Outside lane width (both sides, each entered into a separate database field)

Bicycle lane or shoulder width (both sides, each entered into a separate database

field)

o Raised median width

O O O O O O

o O

O O O O O O
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(@)

Number of automobile through-lanes

Number of alley and busy driveway crossings (busy driveways included non-
residential driveways and driveways accessing residential buildings estimated to have
10 or more units)

Average building setback from the public sidewalk or roadway right-of-way
Steepness (difference in elevation between intersections at the end of each block—
this was converted to grade by dividing the change in elevation by the block length)
Tree canopy coverage (estimated percentage of roadway and sidewalk right-of-way
covered out of the total land area devoted to public right-of-way)

e Main commercial roadway intersection crossing characteristics (this includes all
crossings 0.25 miles (402 m) in each direction from the store, constituting a 0.5-mile
(804-m) corridor). These data were entered into a GIS point shapefile database.

O

(@)

Crossing distance (curb-to-curb) across the commercial roadway approaches to the
intersection, representing the shortest line within the marked or unmarked crosswalk
(both approaches, each entered into a separate database field)

Crossing distance (curb-to-curb) across the cross-street roadway approaches to the
intersection, representing the shortest line within the marked or unmarked crosswalk
(both approaches, each entered into a separate database field)

Number of through-, left-, and right-turning lanes that pedestrians must cross on the
commercial roadway approaches to the intersection (both approaches, each entered
into a separate database field)

Number of through-, left-, and right-turning lanes that pedestrians must cross on the
cross-street roadway approaches to the intersection (both approaches, each entered
into a separate database field)

Raised median width on the commercial roadway approaches to the intersection (both
approaches, each entered into a separate database field)

Raised median width on the cross-street approaches to the intersection (both
approaches, each entered into a separate database field)

Tree canopy coverage (estimated percentage of intersection and sidewalk corner
right-of-way covered out of the total land area devoted to public right-of-way)

e Store site characteristics. These data were entered into a GIS point shapefile database.

o
O
o

Distance from store entrance to closest sidewalk
Gross store footprint area
Single-store vs. part of shopping complex with shared parking lot

Several other important shopping district variables were collected through field observations in
spring 2010. These included:
e Main commercial roadway intersection crossing characteristics (this includes all
crossings 0.25 miles (402 m) in each direction from the store, constituting a 0.5-mile
(804-m) corridor). These data were entered into a GIS point shapefile database.

O
o

Posted speed limit

Running speed, observed by driving the length of each corridor three times in both
directions. Since these measurements were not taken at the same time of day under
similar traffic conditions, they were not used for further analysis.

Street activity (categorical variable: high, medium, low). Since these observations
were not taken at the same time of day, they were not used for further analysis.
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e Store site characteristics. These data were entered into a GIS point shapefile database.
o Average mid-day on-street parking price per hour within 0.1 miles (161 m) of store
o Number of bicycle parking spaces on store property only
o Number of bicycle parking spaces within 0.1 miles (161 m) of store, including on
store property and on sidewalks

Photographs were also taken in the field in spring 2010 to document shopping district
commercial roadway characteristics. The following photographs were taken:

¢ Picture from street directly in front of the store

¢ Picture from street approach at left of the store from 30 degree angle

e Picture from street approach at right of the store from 30 degree angle

Several other data items were collected for each shopping district or survey store using
secondary data sources. These included:

e Pedestrian and bicycle crashes reported in the shopping district over a 10-year period.
Reported crashes from 1998 to 2007 were queried from the California Highway Patrol
Statewide Integrated Traffic Records System (SWITRS) database.

¢ Euclidian distance between store entrance and nearest bus stop. These distances were
calculated using the Metropolitan Transportation Commission transit stop GIS layer,
which was updated in 2009.

The shopping district design variables that were measured were hypothesized to be associated
with customer mode choices based on previous research and pedestrian and bicycle design
practice. To date, relatively few of these characteristics have been demonstrated to have a clear
connection with pedestrian or bicycle mode choices. For example, sidewalk presence and width
are critical for providing accessibility for pedestrians of all ages and abilities, but they have not
been shown conclusively to be related to higher levels of pedestrian activity. Several studies
have identified a positive relationship between bicycle facilities such as bicycle lanes and multi-
use trails and overall levels of bicycling at the community level, but more evidence is needed to
show this relationship at the neighborhood scale. Many of the other urban design characteristics,
such as buffer presence, median presence, number of automobile lanes, and automobile volume
have been related to pedestrian and bicycle crash rates or perceived comfort, but they have not
been connected to pedestrian or bicycle mode choice. Finally, few studies have had adequate
data to test the association between walking or bicycling and design characteristics such as
driveway crossings, roadway crossing distance, building setbacks, bicycle parking spaces, or tree
canopy coverage. Therefore, this study represented an excellent opportunity to measure and test
these design variables.

However, all of the shopping district design variables were not expected to show statistically-
significant relationships with walking or bicycling in the statistical models. The survey sample
was not large enough to include all of the measures in a single model, and many of the local
environment variables were correlated. Therefore, different subsets of shopping district
variables were explored in the models with other travel, socioeconomic, attitude, and perception
characteristics. Tests of the overall model fit helped show which specific design variables had
the most significant relationships with mode choice.
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3.6. DATA ANALYSIS APPROACHES

Several data analysis approaches were used to develop a greater understanding of the
characteristics of each shopping district in the study. Cluster analysis and factor analysis were
preliminary steps in the process. Cluster analysis was used to classify the 20 shopping districts
into four general categories. This was intended to develop a typology that could be used to
analyze patterns of travel behavior in different urban environments. Factor analysis was used to
group a variety of correlated shopping district variables into a smaller number of core
explanatory variables. The main research hypotheses were tested using mixed logit modeling.
Three mixed logit models were estimated to identify relationships between travel,
socioeconomic, attitude, perception, and shopping district variables and the mode used by survey
respondents to travel to, from, and within shopping districts.

Cluster Analysis

The 20 shopping districts were located in a variety of built environments. Cluster analysis
identified types of shopping districts that had similar characteristics. Six built environment
variables were used to identify these similarities. Three of the clustering variables described the
shopping district ( of the store (number of residents, number of jobs, and sidewalk coverage
along multilane roadways), and three of the variables applied to the roadway corridor adjacent to
the store (average number of through-lanes along the roadway in either direction within 0.25
miles (402 m) of the store, average number of major driveway crossings per mile along the
roadway in either direction within 0.25 miles (402 m) of the store, and number of spaces in the
store parking lot) (Table 3.4). None of the six variables were highly correlated (Ipl > 0.6). Other
shopping district variables not used in the cluster analysis are presented in Table 3.5.

Cluster analysis was performed on standardized measures of each variable for each store (range
from -1 to 1). The furthest neighbor method was used, and the differences between clusters of
shopping districts were identified by comparing the squared Euclidian distance between
measures of each variable. Four categories of shopping districts were identified: 1) Urban Core,
2) Suburban Main Street, 3) Suburban Thoroughfare, and 4) Suburban Shopping Center. In
general, the stores in each category had the following characteristics:

e Urban Core: Surrounding neighborhood has high residential and employment density and
extensive sidewalk coverage. Roadway corridor has short building setbacks, metered on-
street parking and minimal off-street parking, two to four general-purpose through-lanes,
and few non-residential driveways. The roadway is lined with commercial retail
properties over the length of the corridor.

e Suburban Main Street: Surrounding neighborhood has moderate residential and
employment density and extensive sidewalk coverage. Roadway corridor has mostly
small commercial stores with short building setbacks, on-street parking (some metered)
and minimal off-street parking, and two to four through-lanes. The roadway is lined with
commercial retail properties over the length of the corridor.

¢ Suburban Thoroughfare: Surrounding neighborhood has low residential and employment
density with moderate sidewalk coverage. Roadway corridor is a high-speed, high-
volume multilane street with commercial properties that are generally set back from the
sidewalk behind moderate-sized parking lots. Roadway corridor has minimal on-street
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parking. The roadway is lined with commercial retail properties over the length of the
corridor.

e Suburban Shopping Center: Surrounding neighborhood has low residential and
employment density with moderate sidewalk coverage. The store is in a shopping
complex with extensive off-street parking and tends to be separated from surrounding
areas by high-speed, high-volume, multilane streets. Roadway corridor has minimal on-
street parking. Beyond the shopping area, the corridor has few commercial retail
properties.

Output files from the cluster analysis are provided in Appendix H. The geographic distribution
of the three Urban Core, eight Suburban Main Street, seven Suburban Thoroughfare, and two
Suburban Shopping Center shopping districts is shown in Figure 3.2. Four example maps are
provided in Figure 3.3 to illustrate differences between the each general category of shopping
district at a small geographic scale. These detailed maps of the Mission Street (Urban Core),
Burlingame (Suburban Main Street), El Cerrito (Suburban Thoroughfare), and Pleasanton
(Suburban Shopping Center) shopping districts also list several of the fine-grained design
measurements that were collected. Detailed maps of all 20 shopping districts are included in
Appendix L

An analysis of variance (ANOVA) procedure was used to test if there were statistically-
significant differences in the automobile mode shares between types of shopping districts. The
F-value calculated from the automobile mode share data (85.7) was significantly higher than the
critical value of F for o = 0.01 (5.29). Therefore, there was evidence that the automobile mode
shares between the four categories of shopping districts were significantly different. The Tukey-
Kramer method for identifying differences between group means was then used to determine if
each pair of shopping districts had distinct automobile mode shares. This analysis showed that
the automobile mode shares for Urban Core (16%) and Suburban Main Street (64%) shopping
districts were different from all other groups for o = 0.01. The automobile mode shares for the
Suburban Thoroughfare (87%) and Suburban Shopping Center (93%) shopping districts were
distinct from both of the other districts, but they were not statistically different from each other
for a = 0.05.

The ANOVA for pedestrian mode shares showed similar results to automobile mode shares. The
F-value from the pedestrian mode share data (44.2) was significantly higher than the critical
value of F for a = 0.01 (5.29), and the Tukey-Kramer analysis showed that the comparisons of
pedestrian mode shares between shopping district groups were statistically distinct for all but the
Suburban Thoroughfare versus Suburban Shopping Center comparison. The ANOVA F-test for
bicycle mode shares showed no statistically-significant differences between shopping districts.
The ANOVA F-test for transit mode shares was significant. Transit mode share for Urban Core
shopping districts (31.8%) was distinct from the other three types of shopping districts, but there
were no other statistically-significant differences.

Note that these ANOVA analyses assumed that the mode share for survey respondents in each

shopping district was consistent for all travelers to the shopping district (since there were slight
differences in the number of respondents at each survey store).
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Table 3.4., Part 1. Variables Used in Cluster Analysis and Respondent Tour Mode Share by Type of Shopping District

1. Urban Core

Variables Used in Cluster Analysis

Respondent Primary Tour Mode Share’

Residential Sidewalk coverage| Average commercial| Commercial street| Automobile parking
population within Jobs within| onmultilane roads street number of| major driveway| spaces at the survey
Shopping District shopping district' shopping district’ |within shop. district’ lanes’|  crossings per km® store® N Walk| Bicycle Transit| Automobile
SF-Market St. 22100, 145200 100% 4.00 0.00 0] 49 46.9% 4.1% 40.8% 8.2%
SF-Fillmore St. 24000 14600 100% 2.00 0.00 10 52 59.6% 0.0% 15.4% 25.0%
SF-Mission St. 32200 7600 100% 4.00 0.00 0 53 45.3% 1.9% 39.6% 13.2%
Cluster Average 26100 55800 100% 3.33 0.00 3| 154 50.6% 1.9% 31.8% 15.6%
2. Suburban Main Street Variables Used in Cluster Analysis Respondent Primary Tour Mode Share’
Residential Sidewalk coverage | Average commercial] Commercial street| Automobile parking
population within Jobs within| onmultilane roads street number of| major driveway| spaces at the survey
Shopping District shopping district' shopping district’ |within shop. district’ lanes’|  crossings per km® store® N Walk| Bicycle Transit| Automobile
Berkeley 12200 6300 100% 2.91 21.50 37| 54 31.5% 13.0% 1.9% 53.7%
Oakland 12500 1600 89% 4.00 20.44 51 50 18.0% 2.0% 6.0% 74.0%
Richmond 10900 3200 95% 2.78) 1.20 310 50 24.0% 2.0% 10.0% 64.0%
SF-Taraval St. 12700 2100 98% 4.00 1.25 0 47 25.5% 0.0% 19.1% 55.3%
SF-Third St. 12700 3400 96% 4.00 4.96 44 45 17.8% 0.0% 15.6% 66.7%
Daly City 12000 2400 81% 4.00 13.55 78 45 22.2% 0.0% 20.0% 57.8%
Burlingame 4400 4400 77% 2.77 16.19 20, 52 25.0% 3.8% 1.9% 69.2%
San Mateo 9600 6300 100% 2.21] 14.86 60| 53 24.5% 1.9% 1.9% 71.7%
Cluster Average 10900 3700 92% 3.33 11.75 75| 396 23.7% 3.0% 9.1% 64.1%
3. Suburban Thoroughfare Variables Used in Cluster Analysis Respondent Primary Tour Mode Sha re’
Residential Sidewalk coverage | Average commercial] Commercial street| Automobile parking
population within Jobs within| onmultilane roads street number of| major driveway| spaces at the survey
Shopping District shoppingdistrict'|  shopping district’|within shop. district® lanes*|  crossings per km® store® N Walk Bicycle Transit|] Automobile
Hayward 6200 1700 87% 5.72 44.82 44 51 11.8% 0.0% 3.9% 84.3%
Fremont 6500 4200 97% 6.00) 14.70 197 47 14.9% 2.1% 2.1% 80.9%
Danville 1600 600 92% 4.00 28.63 290 42 2.4% 0.0% 0.0% 97.6%
Brentwood 1700 200 80% 4.00 8.86 193 43 2.3% 4.7% 2.3% 90.7%
Concord 4300 11600 97% 5.78 23.67 59 45 17.8% 0.0% 0.0% 82.2%
El Cerrito 6400 2200 100% 4.28 36.09 250 41 7.3% 0.0% 4.9% 87.8%
San Carlos 4900 4200 74% 5.00 19.98 85 47 2.1% 4.3% 6.4% 87.2%
Cluster Average 4500 3500 90% 4.97 25.25 160] 316 8.5% 1.6% 2.8% 87.0%
4. Suburban Shopping Center Variables Used in Cluster Analysis Respondent Primary Tour Mode Share’
Residential Sidewalk coverage | Average commercial| Commercial street| Automobile parking
population within Jobs within| onmultilane roads street number of| major driveway| spaces at the survey
Shopping District shopping district'|  shopping district’|within shop. district’ lanes’|  crossings per km® store® N Walk| Bicycle Transit|] Automobile
Pleasanton 3800 1200 84% 4.87 11.49 442 47 4.3% 2.1% 2.1% 91.5%
S. San Francisco 8600 800 54% 4.53 9.51 420 46 6.5% 0.0% 0.0% 93.5%
Cluster Average 6200 1000 69% 4.70 10.50 431 93 5.4% 1.1% 1.1% 92.5%
Overall Variables Used in Cluster Analysis Respondent Primary Tour Mode Share’
Residential Sidewalk coverage | Average commercial| Commercial street| Automobile parking]
population within Jobs within| onmultilane roads street number of| major driveway| spaces at the survey
shoppingdistrict'|  shopping district’|within shop. district® lanes*|  crossings per km’ store® N Walk Bicycle Transit| Automobile|
Overall Average 10500 11200 90% 4.04 14.59 130] 959 21.3% 2.2% 9.9% 66.6%
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Table 3.4., Part 2. Footnotes

1) The calculation of population only included portions of census block groups that were within the 0.5-mile (804-m) radius of the store.
Source: US Census (2000).

2) The calculation of jobs only included portions of traffic analysis zones that were within the 0.5-mile (804-m) radius of the store. Source:
San Francisco Bay Area Metropolitan Transportation Commission traffic analysis zones (2005).

3) The sidewalk coverage calculation assumed that complete coverage was continuous sidewalks on both sides of the street. Therefore, if a
street had sidewalks on both sides, it had 100% sidewalk coverage. If a street had a complete sidewalk on one side, but no sidewalk on the
other, it had 50% coverage. Source: Google Earth & Bing Maps aerial photographs (2007-2009).

4) Travel lanes included all general purpose through-lanes in both directions. The number of through-lanes did notinclude left- or right-turn
lanes, two-way center turn lanes, bicycle lanes, shoulders, or other auxilary lanes. In addition, it did notinclude lanes that ended within the
segment. Source: Google Earth & Bing Maps aerial photographs (2007-2009).

5) Major driveway crossings inclued all active non-residential and more than 10-unit residential property driveways. Source: Google Earth &
Bing Maps aerial photographs (2007-2009).

6) Number of parking spaces in the store parking lot (included shared parking with other stores in the same shopping complex). Source:
Google Earth & Bing Maps aerial photographs (2007-2009).

7) Survey respondent transportation mode share was the mode that respondents used for the greatest distance on their whoe tour. Cluster
average was weighted average of individual store mode shares based on surveys per store (2009).
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Table 3.5., Part 1. Other Shopping District Characteristics by Type of Shopping District

1. Urban Core

Other Shopping District Characteristics not Used in Cluster Analysis

Store has a drive-| Length of bicycle| 4-wayintersections| Postedspeed limit] Auto traffic volume Average main Average main|Avg. building setback Survey store area Bicycle parking Median on-street Main commercial

through pharmacy| facilities within within shopping| on main commercial| on main commercial| commercial street| commercialstreet along main (gross square| spaces at the survey| parking price within| street ROW covered|
Shopping District (1 Yes; 0 No)1 shop. district (km)2 district® street (mph)A street (AAD'I’)5 width (m)6 on-st. parking cov.”| commercial st. (m)E melers)9 store’® 0.1mi (161 m)“ by tree ca nopy]2
SF-Market St. 0] 5.87 124 25.0 11800 16 0 0% 0 750 0 $3 50 13%
SF-Fillmore St. 0) 0.00 113 25.0 9800 11.6 100% 0 490 2] $2 00| 14%
SF-Mission St. 0| 3.14 126 25.0 16500 159 100% 0 1040| 2 $2 00| 7%)
Cluster Average 0.00 3.00 121 25.0 12700| 14.5 67% 0 760 1 $2.50) 11%

2. Suburban Main Street

Other Shopping District Characteristics not Used in Cluster Analysis

Store has a drive-| Length of bicycle| 4-wayintersections| Postedspeed limit] Auto traffic volume Average main Average main|Avg. building setback Survey store area Bicycle parking Median on-street Main commercial

through pharmacy| facilities within within shopping| on main commercial| on main commercial| commercial street| commercialstreet alongmain (gross square| spaces at the survey| parking price within| street ROW covered|
Shopping District (1 Yes; 0 No)1 shop. district (km)2 district® street (mph)A street (AAD'I’)5 width (m)6 on-st. parking cov.”| commercial st. (m)E melers)9 store’® 0.1mi (161 m)“ by tree ca nopy]2
Berkeley 0 8.96 92 25.0 21000 223 100% 3 2160 12 $0 00| 6%
Oakland 1 1.45 62 30.0 25300 220 100% 6) 1270 0 $0 00| 9%
Richmond 0 2.72 97 25.0 12000 18.1] 85% 14 1330 6 $0 00| 11%
SF-Taraval St. 0) 2.82 83 25.0 12400 183 100% 1 530 0 $2 00| 3%
SF-Third St. 0 0.53 73 25.0 24700 24.4 77% 4 1180 0 $0 00| 3%
Daly City 0 0.00 61 35.0 25000 230 71% 7] 780 0 $0 50 2%
Burlingame 0 0.00 45 25.0 12000 16.1] 58% 1] 690 0 $0 50 3%
San Mateo 1 1.56) 74 25.0, 12000 155 100% 1 1400] 10 $0 50 13%
Cluster Average 0.25 2.25 73 26.9 18100 20.0 87% 5 1170 4 $0.44 6%

3. Suburban Thoroughfare

Other Shopping District Characteristics not Used in Cluster Analysis

Store has a drive-| Length of bicycle| 4-wayintersections| Postedspeed limit| Auto trafficvolume Average main Average main|Avg. building setback Survey store area Bicycle parking Median on-street Main commercial

through pharmacy| facilities within within shopping| on main commercial| on main commercial| commercial street| commercial street along main (gross square| spaces at the survey| parking price within| street ROW covered
Shopping District (1 Yes;0 No)'| shop. district (km)’ district’ street (mph)* street (AADT) width (m)°’| on-st. parkingcov.”| commercial st. (m)° meters)’ store'” 0.1 mi(161m)" by tree canopy’’
Hayward 0 0.00 17 35.0 50500 29.4 50% 5] 1380 0 $0 00| 7%
Fremont 1 3.41 10 37.5 32300 325 13% 24 1390 0 $0 00| 4%
Danville 0 7.74 6) 30.0 25000 24.7, 0% 14 2340 6 $0 00| 16%
Brentwood 1 8.69 18 37.5 30000 24.4 0% 11 1340 4 $0 00| 3%
Concord 0) 0.00 37 35.0 35900 292 0% 10 1270 6) $0 00| 9%
El Cerrito 1 10.18 30) 30.0 26000 259 58% 26 1310 0 $0 00| 5%
San Carlos 1 3.54 50| 35.0 25600 265 78% 8| 1710 0 $0 00| 3%)
Cluster Average 0.57 4.79) 24 34.3 32200 27.5 28% 14 1540 2 $0.00 7%

4. Suburban Shopping Center

Other Shopping District Characteristics not Used in Cluster Analysis

Store has a drive-| Length of bicycle| 4-wayintersections| Postedspeed limit| Auto trafficvolume Average main Average main|Avg. building setback Survey store area Bicycle parking Median on-street Main commercial
through pharmacy| facilities within within shopping| on main commercial| on main commercial| commercial street| commercial street along main (gross square| spaces at the survey| parking price within| street ROW covered
Shopping District (1 Yes; 0 No)1 shop. district (km)z district’ street (mph)" street (AAD'I’)5 width (m)E on-st. parking cov.”| commercial st. (m)E melers)9 store’® 0.1mi (161 m)“ by tree ca nopy“
Pleasanton 0] 171 14 35.0 33500 28.4 56% 19 1010 0 $0 00| 12%
S. San Francisco 0| 2.65 14| 35.0 25000 26.4 0% 25 1640| 0 $0 00| 9%
Cluster Average 0.00 2.18 14 35.0 29200 27.4 28% 22, 1330 0 $0.00) 11%

Overall Other Shopping District Characteristics not Used in Cluster Analysis
Store has a drive-| Length of bicycle| 4-wayintersections| Postedspeed limit| Auto traffic volume Average main Average main|Avg. building setback Survey store area Bicycle parking Median on-street Main commercial
through pharmacy| facilities within within shopping| on main commercial| on main commercial| commercial street| commercialstreet along main (gross square| spaces at the survey| parking price within| street ROW covered|
(1 Yes; 0 No)1 shop. district (km)2 district® street (mph)A street (AAD'I’)5 width (m)6 on-st. parking cov.”| commercial st. (m)E melers)9 store’® 0.1mi (161 m)“ by tree ca nopy]2
Overall Average 0.30) 3.25 57 30.0 23300 22.5 57% 9 1250 2 $0.55 8%
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Table 3.5., Part 2. Footnotes

1) Survey stores with drive-through pharmacy windows were identified through field observations in spring 2010.

2) Bicycle facilities include bicycle lanes, shared lane markings, bicycle boulevards, and multi-use trails. They do notinclude streets that only have bicycle
route signs. Bicycle facility miles were calculated using the same methodology as automobile lane miles. If bicycle lanes or shared lane markings are on both
sides of a one-mile-long street segment, this represents two miles of bicycle facilities (this avoids the problem of misrepresenting one-way bicycle facilities on
one-way streets). Bicycle boulevards and multi-use trails are two-way facilities, so one-mile of centerline counts as two miles of bicycle facilities.

3) Street intersections include intersections of public streets. They do notinclude intersections of public streets and driveways. Source: Google Earth & Bing
Maps aerial photographs (2007-2009).

4) Average posted speed limit along commercial roadway corridor 0.25 miles (402 m) in either direction of the store site). Commercial roadway was defined as
the main roadway for commercial activity adjacent to the survey store. Source: Field observations (2010). Note: 10 mph =16.1 kph.

5) Estimated main commercial roadway traffic volume in both directions (AADT) adjacent to store. Source: Local jurisdiction and California Department of
Transportation traffic volume databases.

6) Main commercial roadway width was measured for each block from aerial photographs. Source: Google Earth & Bing Maps aerial photographs (2007-2009).
7) Ablock is considered to have on-street parking if on-street parking is legal (i.e., parked cars do not need to be present). Each side of the street was considered
separately (e.g., on-street parking on both sides = 100% coverage; on-street parking on one side =50% coverage). Source: Field observations (2010).

8) Average setback is a rough estimate of the average distance between the sidewalk or roadway edge and the front of each building. If a road segment does not
have buildings (e.g., overpass, underpass, etc.), it is not considered in the average setback measurement for the neighborhood. Source: Google Earth & Bing Maps
aerial photographs (2007-2009).

9) Store gross square meters was estimated from aerial photographs. Source: Google Earth & Bing Maps aerial photographs (2007-2009).

10) Bicycle parking spaces at the survey stores were counted during field visits in spring 2010.

11) Median weekday mid-day on-street parking price per hour within 0.1 miles of the survey store. Source: Field observations (2010).

12) Tree canopy coverage of the commercial street right-of-way (ROW) was estimated from aerial photographs. Some aerial photographs were taken when
leaves were not on trees, so canopy coverage was estimated for when leaves were present. Source: Google Earth & Bing Maps aerial potographs (2007-2009).




Figure 3.2. 20 San Francisco Bay Area Shopping Districts with Retail Pharmacy Store
Study Sites: Four Types of Shopping Districts Identified through Cluster Analysis
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Figure 3.3., Part 1. Detailed Shopping District Characteristics: Urban Core
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Figure 3.3., Part 2. Detailed Shopping District Characteristics: Suburban Main Street
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Figure 3.3., Part 3. Detailed Shopping District Characteristics: Suburban Thoroughfare
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Figure 3.3., Part 4. Detailed Shopping District Characteristics: Suburban Shopping Center
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Factor Analysis

The set of variables considered for models of mode choice included more than 50 measures
quantifying different aspects of the shopping district, main commercial roadway, and survey
store site. Many of these variables were correlated. For example, for the 959 respondents who
reported complete tour data, the shopping district main commercial roadway curb-to-curb width
was positively correlated with the number of automobile lanes, automobile traffic volume, and
posted speed limit and negatively correlated with metered parking along the roadway (Ipl > 0.7).
Similarly, the average building setback along the main commercial roadway was positively
correlated with the number of parking spaces in the survey store parking lot and distance
between the store door and nearest public sidewalk (Ipl > 0.7). Since these variables were
correlated, they did not have independent relationships with the mode chosen by survey
participants to travel to and from or within shopping districts. Including correlated variables in
the same model would likely create multicollinearity problems when parameters were estimated.

One strategy to capture the influence of shopping district variables is to combine correlated
variables into distinct factors using factor analysis. This approach has been used in previous
studies to explore the relationship between built environment variables and pedestrian and
bicycle mode choice (Cervero and Kockelman 1997; Cervero and Duncan 2003).

For this study, 17 correlated variables were considered for factor analysis. Each of these 17
variables had some correlation (|pl > 0.6) with at least one other variable, but most were
correlated with several variables. Varimax rotation was used to calculate the loadings of each
variable onto specific factors. Three factors were identified using a minimum eigenvalue of 1.5,
and they represented a fairly high proportion (72%) of the variance between all 17 variables.
These three factors were characterized as 1) “Automobile-Oriented Thoroughfare”, 2)
“Pedestrian Barriers”, and 3) “Development Density”:
¢ Automobile-Oriented Thoroughfare: The automobile-oriented thoroughfare factor had
high loadings (> 0.7) for the following variables: commercial roadway width, percentage
of commercial roadway with a buffer area between the street and sidewalk, commercial
roadway posted speed, commercial roadway traffic volume, and less commercial
roadway on-street parking. These variables are generally associated with wider, higher-
speed, higher-volume main commercial roadways in shopping districts.
e Pedestrian Barriers: The pedestrian barriers factor has high loadings (> 0.7) for the
following variables: number of parking spaces at the survey store, distance from the
closest sidewalk to the store entrance, slope of multilane roadways within 0.5 miles (804
m) of the store, and less sidewalk coverage on multilane roadways within 0.5 miles (804
m) of the store. These variables are generally associated with greater walking distance,
more challenging terrain, and disconnected pedestrian facility networks in shopping
districts.
¢ Development Density: The development density factor has high loadings (> 0.7) for the
following variables: number of housing units within 0.5 miles (804 m) of the store,
number of jobs within 0.5 miles (804 m) of the store, and number of commercial
properties within 0.25 miles (402 m) of the store. These variables are generally
associated with close proximity between residences, jobs, and stores in shopping districts.
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Overall, the factors were intuitive and had Eigenvalues greater than 1.5, indicating that each
factor explained a distinct dimension in the data. Other studies have indicated that factors
exhibit this “deep structure” when Eigenvalues are greater than 1.0 (Cervero and Duncan 2003;
Pinjari et al. 2008). Output files from the factor analysis are provided in Appendix J. The
variables derived through factor analysis were not used in any of the models in this dissertation.
However, it may be possible to explore their associations with respondent mode choice in
follow-up studies.

Mixed Logit Discrete Choice Modeling

Mixed logit models were used to identify factors that were associated with the choice of mode
used by customers to travel to and from each shopping district and within each shopping district.
Mixed logit models have several advantages over standard multinomial logit models. Like other
discrete choice models, mixed logit measures the contribution of various explanatory variables
towards the utility of choosing a particular travel mode. However, mixed logit has a flexible
error structure that allows the covariance between the choice of two modes to be estimated
(Hensher and Greene 2003; Train 2009). For example, people may have a preference for either
walking or bicycling to shopping districts rather than taking transit or driving because they do
not have access to an automobile or because they enjoy physical activity. Estimating the
interdependence, or nested relationship, between walking and bicycling allows a mixed logit
model to reflect the preference of respondents who choose walking to shift to bicycling with a
greater probability than to transit or automobile. A basic multinomial logit model does not have
this flexibility. It assumes that there is independence of irrelevant alternatives (ITA):
respondents will have an equal probability of shifting to other modes when their first choice is
not available. However, in reality, the IIA assumption does not hold if pedestrians are more
likely to shift to bicycling than to transit or automobile.

The flexible error structure of the mixed logit model also makes it possible to evaluate multi-
level, or panel, data collected from identical surveys distributed in different locations (Bhat and
Gossen 2004). Multi-level data collection is a common approach to studying relationships
between neighborhood characteristics, physical activity, and pedestrian travel (Shriver 1997;
Steiner 1998; Mackett 2003; Brown, Khattak, and Rodriguez 2008). However, few previous
studies have employed mixed logit models.

More details about the mixed logit models that were estimated as a part of this dissertation are
provided in Chapter 5 and Chapter 6.
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CHAPTER 4. MEASURING TRANSPORTATION AT A HUMAN SCALE:
AN INTERCEPT SURVEY AND GIS APPROACH TO CAPTURE
PEDESTRIAN TRAVEL

4.1. SUMMARY

Growing interest in sustainable transportation systems and livable communities has created a
need for more complete measures of multimodal travel, including walking. Many common
transportation analysis techniques consider only the primary mode used by travelers. Secondary
modes, such as walking from a street parking space to a store entrance or walking from a bus
stop to home are often ignored. This chapter presents an intercept survey and GIS analysis
methodology used to measure multimodal transportation to, from, and within 20 shopping
districts in the San Francisco Bay Area. Respondents reported all modes of travel that they used
from the time they left home until returning home, including secondary modes and short trips
between adjacent buildings. Walking within store parking lots or to and from parking spaces
directly in front of stores were the only excluded movements. Face-to-face interaction made it
possible for surveyors to interpret and clarify responses. A carefully-structured GIS data entry
method was used to record stop locations and detailed travel mode information. Traditional
measures showed that walking was the mode used for the greatest distance on 21% of 959
respondent tours and represented only 5% of respondent miles traveled. However, alternative
measures based on the detailed survey data showed that walking was a common element of
respondent tours (52% of tours included some walking) and was the primary mode of
transportation for a majority of trip segments within one-half mile of Urban Core and Suburban
Main Street survey stores (96% of trips within Urban Core shopping districts and 63% of trips
within Suburban Main Street shopping districts were made by walking). These results suggest
that traditional mode share analyses do not provide a complete picture of pedestrian travel,
especially in urban, mixed-use environments.

4.2. INTRODUCTION
“How did you travel to the store today?”

This is a common way of asking survey participants to report their mode of transportation to an
activity destination. Respondents might answer with the mode that they used for the longest
distance since leaving home or the mode that they used for the longest distance since leaving
their last activity. However, these responses leave out information about secondary modes.
People often use more than one mode to access a series of activities, even if the secondary mode
is walking one block between home and a bus stop or between an on-street parking spot and a
store entrance. These walks use public infrastructure, represent exposure to potential traffic
injury, generate physical activity for travelers, and provide mobility that does not consume fossil
fuel or produce tailpipe emissions. Transportation systems are multimodal, and accurate
pedestrian data are essential for making informed planning and policy decisions. Improved
pedestrian data can:

¢ Provide a more complete representation of the amount of travel done by all modes in

metropolitan areas.
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¢ Be used to evaluate how well local, regional, and national transportation systems are
helping communities achieve sustainability and livability goals.

¢ Quantify the amount of exposure that pedestrians have to traffic crashes in order to
improve estimates of injury and fatality rates.

® Document the complexity of travel, especially for trip-chains that utilize multiple modes
and involve multiple stops.

Purpose

This chapter has two main purposes. The first purpose is to present an intercept survey and GIS
analysis method for capturing detailed information about walking on multimodal tours. This
approach demonstrates that it is possible to survey retail pharmacy store customers and gather
detailed data about all modes of transportation that they use from the time they leave home until
they return home. The second purpose is to quantify the full extent of pedestrian travel on
survey respondent tours. This includes showing differences in the amount of secondary
pedestrian travel that occurs in different types of shopping districts.

Definitions

Several terms are used throughout this document to describe travel by individuals. A trip is a
movement between a pair of activity locations, or stops (e.g., between home and work or
between a store and a park). In general, a trip does not include travel on the same property.
Travel between two different stores in the same shopping complex is considered to be a trip, as
long as it involves travel outside of a building. Each trip includes at least one stage. A stage
represents movement using a single mode of transportation. If a person changes modes in the
middle of a trip between two activity locations (e.g., changing from walking to riding the bus),
he or she is changing stages of the trip. Finally, a tour (i.e., trip chain) is the set of all trips that a
person makes from the time he or she leaves home until he or she returns home. This tour
definition is similar to the framework proposed for analyzing tours in the 2001 National
Household Travel Survey (McGuckin and Nakamoto 2004). One difference between these
definitions is that McGuckin and Nakamoto separate home-to-home tours into distinct tours if a
respondent stays at one location for more than 30 minutes. For example, someone who is at
work for eight hours would have a home-to-work tour and a work-to-home tour. The dwell-time
distinction was not used in this analysis because it focused on mode choice. The choice of mode
for individual trips or an entire tour was assumed to be independent of the amount of time spent
at any particular stop on a tour.

4.3. LITERATURE REVIEW

Several types of multimodal transportation surveys have collected detailed pedestrian data.
These include destination-based trip generation studies and household travel surveys.

Destination-based trip generation studies have traditionally focused on automobile traffic
entering and exiting specific land use sites or developments, but pedestrian, bicycle, and transit
modes have recently been added to the formal data collection methodology in the United States
(Institute of Transportation Engineers 2008). However, most trip generation studies analyze only
the primary transportation mode of survey respondents, typically defined as the mode used for
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the greatest distance between a person’s home and the study site (Steiner 1998; Bent and Singa
2009).

Household travel surveys have been designed to collect detailed information about respondent
socioeconomic characteristics and travel behaviors. Several regional travel surveys have
attempted to capture all modes used between activity locations, including walking from a transit
stop or parking lot to a destination (Metropolitan Transportation Commission 2000; Delaware
Valley Regional Planning Commission 2000; Chicago Metropolitan Agency for Planning 2008).
Others exclude walking that is done to get to and from a private vehicle or trips that are less than
a specified distance or time (Puget Sound Regional Council 2006; United Kingdom Department
for Transport 2008; Federal Highway Administration 2009a). Even when short pedestrian stages
are captured, it is not common for analysts to examine these data. According to a summary
report for the Chicago Regional Household Travel Inventory, “If every single walking movement
were gathered, the final mode to almost every location would be by foot” (Chicago Metropolitan
Agency for Planning 2010).

In general, multimodal travel survey data show that:

¢ The private automobile is the mode used for the greatest distance for most tours in
metropolitan regions throughout the United States (Metropolitan Transportation
Commission 2000; Delaware Valley Regional Planning Commission 2000; Puget Sound
Regional Council 2006; Chicago Metropolitan Agency for Planning 2010; Federal
Highway Administration 2009b).

¢  When walking is included in regional, state, or national analyses of person miles traveled
(PMT), its mode share is often dwarfed by higher-speed modes (Hu and Reuscher 2004).

e Walking, bicycling, and public transit are common modes of access to activity sites in
urban areas. This is shown by examples from California. Afternoon peak hour surveys
found that these modes accounted for 43% of trips to a bakery in Berkeley, 83% of trips
to a coffee shop in San Diego, and 40% of trips to a restaurant in San Francisco
(California Department of Transportation 2009). More than one-third of customers used
walking, bicycling, or public transit as their primary mode of transportation to access six
traditional urban shopping areas in Oakland and Berkeley (Steiner 1998). Fewer than
20% of all people traveling to shopping areas in Downtown San Francisco used a private
automobile (Bent and Singa 2009).

e The probability of a person choosing to walk decreases as tour distance increases
(Bowman and Ben-Akiva 2000). People with poor accessibility to shopping destinations
are more likely to drive to multiple-store locations on a single tour, while people who live
close to neighborhood commercial streets are more likely to walk and bicycle to stores
(Limanond and Niemeier 2004).

e Measuring pedestrian movement is one of the challenges to quantifying multimodal
transportation. Pedestrian travel tends to be underreported because it usually covers short
distances and is often done as the beginning or end stage of a longer automobile or public
transit trip (Wittink 2001).

Research is needed to understand the advantages and disadvantages of different methodologies

for collecting and analyzing detailed pedestrian data. This analysis of existing studies suggests
that there is a need to:
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e Recognize differences in how pedestrian travel distance, duration, and mode share are
represented by different agencies and researchers.

e Compare how well different survey methods represent the actual amount of pedestrian
travel within metropolitan areas.

e Understand the implications of setting minimum distance or duration thresholds for
including or analyzing trips in survey databases, particularly for underreporting
pedestrian travel.

¢ Identify different parts of urban regions where pedestrian travel is underrepresented by
common travel survey analysis methods.

This chapter provides a foundation to address these issues.
4.4. METHODOLOGY

Detailed travel mode data were gathered from an intercept survey of retail pharmacy store
customers in the San Francisco Bay Area. Information about the study area, survey distribution
times and techniques, survey participant characteristics, and number of surveys completed by
store location was provided in Chapter 3. The sections below focus specifically on how the
survey distribution method and survey instrument were tailored to capture detailed pedestrian
travel data.

Capturing Detailed Pedestrian Travel Data

Three aspects of the methodological approach were particularly important for gathering
information about respondents’ detailed pedestrian movements. These included building trust
and engagement in the survey topic, preparing respondents to provide detailed walking
information by asking particular questions early in the survey, and mapping activity stop
locations to provide a framework for recording modes used between stops.

Build Trust and Engagement in the Topic

It is likely that survey respondents are more willing to provide detailed information such as
short-distance pedestrian travel when they trust the surveyor, do not feel intimidated by the
survey process, and are engaged in the survey topic. In addition to using standard confidentiality
and consent procedures, the surveyors asked questions verbally and recorded responses on the
survey form to build rapport with the participants and speed the survey process. This also
allowed participants to ask clarifying questions about particular parts of the survey, which was
likely to help respondents decide on answers more quickly and improve the accuracy of
responses. Verbal questions and responses also avoided possible embarrassment for people who
may have had difficulty reading questions or writing answers.

In addition, the front side of the survey included questions that could be completed relatively
quickly (Appendix A). Surveyors oriented the clipboard so that the participants could see their
answers being recorded, which built trust that their responses were documented correctly and
showed that they were making steady progress through the questions. In addition, some
participants could have been intimidated by the map on the back side of the survey, so it was not
revealed until they completed all of the questions on the front. This allowed participants to
become engaged in the survey before they were asked to provide detailed information about
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walking on their tour. Only 22 (2.2%) of the participants who began the survey quit before
completing the map exercise on the back side, indicating a high level of buy-in to the survey
topic.

Prepare Respondents to Provide Detailed Walking Information
Mode choice information was the central focus of the survey. Therefore, the following questions
were asked first:

e  “What is the PRIMARY type of transportation you used to get to the store today?”

e “What type of transportation do you TYPICALLY use to travel to this store?”

e  “What types of transportation do you CONSIDER using to travel to this store?”

Possible responses to these questions included “Walk™, “Bicycle”, “Bus”, “BART”,

“Car/Truck”, or “Other”. While these initial questions focused on the primary (greatest-distance)
mode used on the respondent’s tour rather than secondary modes, the list of possible responses
put respondents in the frame of mind to be thinking about transportation from a multimodal
perspective. Even if they hadn’t walked to the store, they would recognize that walking was
included in this transportation survey.

In addition, this set of three questions gave respondents an early outlet and framework for
explaining nuance in their travel behavior. 104 (10%) of the 1,003 survey respondents reported
that they typically used a different mode to travel to the store than they were using on the day of
the survey, and 563 (56%) respondents considered at least two different modes to travel to the
survey store. Therefore, if the survey had only asked for the primary type of transportation that
the respondent used to travel to the store, some respondents may have wondered if they should
report the mode that they usually used or the mode they were using on the day of the survey.
Other respondents may have wanted to be recognized for making the effort to use a particular
type of transportation to go to the store (such as walking), even if they did not use this mode on a
regular basis. These questions helped clarify mode choice responses and provided interesting
data about infrequent pedestrian travel for further research.

One of the final sets of questions on the front side of the survey was about the number of stops
respondents made on their tour. The two questions were:
e “How many stops (work, daycare, etc.) have you made since leaving home (not including
here)?”

¢ “How many more stops will you make after this (not including stopping at home)?”

Asking respondents to quantify the number of stops they had already made and were planning to
make before returning home helped prepare them to think about their travel within the
framework of a home-to-home tour. This may have made it easier for respondents to report the
locations of all of their tour stops and the types of transportation they used to travel between
these stops on the map on the back side of the survey form.
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Map Stop Locations to Provide a Framework for Recording Modes Used Between Stops
Surveyors asked participants to identify the locations of their homes and all stops they made on
their tours on the back side of the survey (Appendix A). While the survey initially specified that
surveyors should mark an “X” on all stop locations, the surveyors quickly changed to numbering
the stop locations in the order they were visited on the respondent’s tour.

Since the surveyor already knew how many stops a respondent had made since leaving home
from the question on the front side of the survey, he or she was able to prompt for the location of
each stop efficiently. For example, it was often easiest to point to where the survey store was
located on the map and say, “So this store is your third stop. Where did you stop before coming
here?” This made it relatively easy to work backward to the respondent’s home. Then the
surveyor would say, “Where are you planning to stop next after you leave here?”, which made it
possible to work forward to the respondent’s home. Knowing the total number of stops on the
tour from the background questions also made it easy for the surveyor to prompt for the locations
of stops that the respondent may have forgotten when going through the map exercise.

After locating all stops on the map, respondents were asked to report all modes of transportation
that they used on trips between each stop. If an automobile was used for any stage within a trip,
respondents were asked if they parked in a parking lot, in a driveway, or on the street directly in
front of their stop location. If not, the distance or number of blocks that they walked between the
parking space and each activity location was recorded. If transit was used, respondents reported
how far they walked to and from each transit stop (walking within a transit station or transit
station parking lot was not recorded). Surveyors took detailed notes on the map to indicate
transitions between modal stages (Figure 4.1).

Surveyors estimated that between 15% and 25% of respondents did not look closely at the map
even when the surveyor pointed to specific locations on it. This may have been because they
were describing a short, simple tour or because they had a difficult time interpreting the map.
Participants who did not look at the map tended to point towards particular intersections and
landmarks when describing their tour. The surveyors were then able to translate the verbal
description to the map and verify it with the participant. Therefore, the face-to-face survey
method helped overcome some map interpretation barriers. Anecdotally, no particular
demographic groups appeared to have an easier or more difficult time with the map exercise, but
participants who walked generally seemed to be more familiar with local street names and
intersection locations than participants who used other modes.

GIS Database of Detailed Travel Data

Of the 1,003 participants, 959 (96%) provided tour data suitable for geocoding. The data were
mapped using geographic information systems (GIS) (Figure 4.2). A total of 5,028 home and
activity stop locations were entered in a point database, and 4,945 tour stages were entered into a
line segment database (the total number of trips was 5,028 — 959 = 4,069, but 604 trips included
more than one stage). Stops from the survey map were entered first. These stops were given
unique identification numbers that indicated the overall survey number and a sequential stop
number representing the order of each stop on the tour. The respondent’s home location was
geocoded twice—first as stop zero, representing the start of the tour, and second as the final stop
number, representing the end of the tour (Figure 4.3).
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Individual stages in the tour were drawn as lines connecting each stop. Each line was assigned a
trip identification number to indicate the overall survey number and a sequential trip number
representing the order of each trip in the tour. The trip number corresponded with the number of
the stop at the end of the trip (e.g., the trip from home to the first stop was trip number one). The
mode used for each stage of the trip was recorded in a separate field (Figure 4.4). When
respondents used more than one mode on a trip segment, such as walking to the bus stop and
then taking the bus to reach an activity, each stage had the same trip identification number but a
different mode. Note that the “Unique_ID” field in the stop database and the “Trip_ID” field in
the stage database had corresponding identification numbers so that stop data (e.g., stop location,
parking and land use characteristics around the stop) could be joined with line segment data (e.g.,
stage length, travel mode) during the analysis process.
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Figure 4.1. Respondent Tour Information Recorded on Survey Maps: Mission Street Site

Example of Driving Tour with Secondary Walking
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Figure 4.2. Respondent Tour Data Entered into GIS Database: Mission Street Site
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Figure 4.3. Five Example Tours in GIS Stop Database

Shape*® | SurveylD | StoplD | Unique_ID | Home1| Store | Home2|
Point 2005 0 2005000 1 0 0
Point 2005 1 2005001 0 1 0
Point 2005 2 2005002 0 0 0
Point 2005 3 2005003 0 0 0
Point 2005 4 2005004 0 0 1
Point 2008 0 2006000 1 0 0
Point 2008 1 2006001 0 0 0
Point 2006 2 2006002 0 0 0
Point 2006 3 2006003 0 1 0
Point 2006 4 2006004 0 0 0
Point 2006 5 2006005 0 0 1
Point 2007 0 2007000 1 0 0
Point 2007 1 2007001 0 0 0
Point 2007 2 2007002 0 1 0
Point 2007 3 2007003 0 0 0
Point 2007 4 2007004 0 0 1
Point 2008 0 2008000 1 0 0
Point 2008 1 2008001 0 0 0
Point 2008 2 2008002 0 1 0
Point 2008 3 2008003 0 0 0
Point 2008 4 2008004 0 0 0
Point 2008 S 2008005 0 0 1
Point 2009 0 2009000 1 0 0
Point 2009 1 2009001 0 1 0
Point 2009 2 2009002 0 0 0
Point 2009 3 2009003 0 0 0
Point 2009 4 2009004 0 0 1

Each record in this database corresponded with a
specific tour stop location. For example, Respondent
#2005 made four stops on her tour (including
returning home). Her first stop was at the survey
store. Respondent #2008 made five stops, and the
second stop on her tour was at the survey store.

Figure 4.4. Five Example Tours in GIS Stage Database

Shape * | SurveylD | LinkiD | Trip_ID | Mode | Len_Mi| Home_From| Store_To | Store_From | Home_To
Polyline 2005 1| 2005001 | Bike 0.3143 1 1 0 0
Polyline 2005 2 | 2005002 | Bike 1.52881 0 0 1 0
Polyline 2005 3| 2005003 | Bike 1.40104 0 0 0 0
Polyline 2005 4 | 2005004 | Bike 0.66742 0 0 0 1
Polyline 2006 1| 2006001 | Auto 2.90377 1 0 '] 0
Polyline 2006 1| 2006001 | BART | 10.5155 1 0 0 0
Polyline 2006 1| 2006001 | Walk 0.05748 1 0 0 0
Polyline 2006 2 | 2006002 | Walk 0.045%8 0 0 0 0
Polyline 2006 3| 2006003 |Wak | 0.10748 0 1 0 0
Polyline 2006 3| 2006002 | BART | 10.5191 0 1 0 0
Polyline 2006 3 | 2006003 [Wak | 0.14292 0 1 0 0
Polyline 2006 4 | 2006004 | Wak 0.0564% 0 0 1 0
Polyline 2006 5| 2006005 | Wak 0.05788 0 0 0 1
Polyline 2006 S | 2006005 | Auto 3.01434 0 0 0 1
Polyline 2007 1| 2007001 | Auto 484837 1 0 0 0
Polyline 2007 1| 2007001 | Walk 0.05157 1 0 0 0
Polyline 2007 2| 2007002 | Wak | 0.13666 0 1 0 0
Polyline 2007 3| 2007003 [ Wak | 0.13666 0 0 1 0
Polyline 2007 4 | 2007004 [Wak | 0.05157 0 0 0 1
Polyline 2007 4 | 2007004 | Auto 4.85807 0 0 0 1
Polyline 2008 1| 2008001 | Walk 0.44122 1 0 0 0
Polyline 2008 2 | 2008002 | Wak 0.1493% 0 1 ] 0
Polyline 2008 3| 2008003 | Wak 0.22898 0 0 1 0
Polyline 2008 4 | 2008004 | Wak 0.4382 0 0 0 0
Polyline 2008 5| 2008005 | Wak | 0.31245 0 0 0 1
Polyline 2009 1| 2009001 | Bus 0.81673 1 1 0 0
Polyline 2009 1| 2009001 | Wak | 0.07377 1 1 0 0
Polyline 2009 2| 2009002 | Wak | 0.10932 0 0 1 0
Polyline 2009 3| 2009003 | Wak 0.29336 0 0 0 0
Polyline 2009 4 | 2009004 | Wak 0.03884 0 0 0 1
Polyline 2009 4 | 2009004 | Bus 0.41077 0 0 0 1

Note: 1 mile = 1.61 kilometers

Accuracy of Geocoded Tour Data
Of the 5,028 stop locations, 3,976 (79%) were within the 2-mile (3.2-km) radius of the survey
store. These stops were marked on the survey map and geocoded to within approximately one-
half block (within 0.02 to 0.05 miles (30 to 80 m)) of the actual stop location. For stops made

Each record in this line segment
database corresponded with the
location of a specific tour stage. For
example, Respondent #2005 made all
four trips in her tour by bicycle.
Respondent #2006 drove from home to
a BART station, took BART, and then
walked the final 0.06 miles (100 m) to
her first stop. From there, she walked
to her second stop. Then she walked,
took BART, and walked to the survey
store. After walking to her fourth stop,
she walked to her car and drove home.
Respondent #2007 had his car at home,
then drove and parked in the shopping
district. He walked from his car to all
three stops, and then walked back to
his car and drove home. Respondent
#2008 walked for her entire tour.
Respondent #2009 took the bus from a
stop in front of her home, walked
between stops in the shopping district,
and took the bus back to her home.
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outside of this radius, respondents listed the name of the city or neighborhood where they
stopped. These locations were geocoded to a general location within the neighborhood or
community. In addition, actual travel routes were approximated because it was not feasible to
ask respondents to list specific roadways used on their tour within the short survey timeframe.
Therefore, longer stage distances in the GIS line database were less accurate than shorter stage
distances.

Types of Shopping Districts

In order to evaluate pedestrian activity in different urban environments, the 20 shopping districts
were classified into general categories using furthest neighbor cluster analysis. Four categories
of shopping districts were identified: 1) Urban Core, 2) Suburban Main Street, 3) Suburban
Thoroughfare, and 4) Suburban Shopping Center (Figure 3.2 and Table 3.4). The cluster
analysis methodology and the four types of shopping districts are described in Chapter 3.

4.5. RESULTS

Results showed that the human-scaled transportation survey provided a more thorough
understanding of pedestrian travel than traditional metrics, quantified key differences in
pedestrian travel by urban environment, and made it possible to illustrate geographic patterns of
fine-grained walking movements near survey stores.

Comparison of Traditional Mode Share Metrics with Additional Metrics

Having detailed travel data that included short trips and secondary modes used for stages within
trips made it possible to represent pedestrian transportation more completely than typical
transportation mode share analyses (Table 4.1). Analysis of all 959 tours showed:

Traditional Metrics

® Primary tour mode. The mode used for the longest distance on most respondent tours
was automobile (67%), followed by walking (21%), transit (10%), and bicycle (2%)
(Figure 4.5).

® Person distance traveled on entire tour. Respondents reported traveling approximately
11,800 miles (19,000 km) on their tours (an average of 12.3 miles (19.8 km) per
respondent). Less than five percent of total respondent travel distance was covered by
walking. This is because automobile, public transit, and bicycle modes tended to cover
greater distances in the same amount of time as walking. However, walking still
represented approximately 533 miles (858 km) of travel by the 959 respondents (0.56
miles (0.90 km per respondent). Information about total walking distance on public
streets in specific geographic areas is important for evaluating exposure to traffic crashes
and understanding the potential for routine travel to provide physical activity.

Additional Metrics
® Primary trip mode on trips within shopping districts. Walking was used as the primary
mode for 65% of respondent trips between pairs of stops within shopping districts (e.g.,
within one-half mile of the survey store) and for 73% of trips between pairs of stops
within store corridors (e.g., within an area 0.2-miles (321-m) wide and 0.5-miles (804-m)
long—0.25 miles (402 m) in either direction—along the commercial street adjacent to the
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store). In addition, 33% of respondents used walking as their primary mode on the trip
accessing the survey store (e.g., between the last stop and the survey store, even if the last
stop was outside the shopping district).

Person miles traveled on trips within shopping districts. Of the 377 miles (607 km)
respondents traveled between stops within shopping districts, 206 miles (331 km) (55%)
were covered by walking. Walking accounted for 56 miles (90 km) (68%) of the 83
miles (134 km) of travel reported within store corridors.

Mode use. An evaluation of modes that were used at least once on each tour showed that
52% of respondents walked along a street or between stops at some time between
leaving and returning home. Walking was utilized for at least one stage of travel within
the shopping district by 70% of respondents and for at least one stage of travel within the
store corridor by 76% of respondents.

These additional metrics illustrate that it is common for people to walk as a part of routine travel.
They are especially useful for understanding the prevalence of walking within specific
geographic areas, such as shopping districts and activity centers, and for certain types of trips,

such as

accessing a specific type of store.

Table 4.1. Mode Share Measures for All Survey Respondents

Total from all 20 Stores
Measure samplesize]  Walk Bike| Transit| Auto| Total
Primary Mode Measures
Primary mode used on whole tour 959| 21.3% 2.2% 9.9%| 66.6%| 100%
Primary mode used on trips within shopping district 1382 65.2% 2.0% 0.5%| 32.3%| 100%
Primary mode used on trips within store corridor 613 72.8% 2.1% 0.2%| 25.0%| 100%
Primary mode used on trip accessing survey store 959 32.8% 2.3% 5.0%| 59.9%| 100%
Total Distance by Mode Measures
Total distance by mode on whole tour 959 4.5% 0.8% 9.8%| 84.9%| 100%
Total distance by mode on trips in shopping district 1378| 54.6% 2.6% 0.8%| 42.0%| 100%
Total distance by mode on trips within store corridor 608| 67.5% 2.6% 0.2%| 29.7%| 100%
Mode Use Measures
Proportion of tours that included a specific mode 959| 51.9% 2.4%| 12.1%| 68.4% N/A
Proportion of trips within shopping district that included specific mode 1378| 70.1% 1.9% 0.6%| 32.6% N/A
Proportion of trips within store corridor that included specific mode 608| 75.5% 2.0% 0.2%| 25.0% N/A
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Figure 4.5. Primary Tour Mode Share for Survey Respondents by Shopping District
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Pedestrian Travel by type of Urban Environment

Detailed measures of walking made it possible to illustrate differences in pedestrian travel in
particular urban environments. This indicated that it was especially important to capture short-
distance pedestrian trips and secondary pedestrian stages in Urban Core and Suburban Main
Street shopping districts.

Walking was used as the primary tour mode by many respondents in dense, mixed-use,
urban areas, but relatively few respondents in suburban areas. Walking was the primary
mode used by 51% of participants surveyed in Urban Core shopping districts, 24% in
Suburban Main Street, 9% in Suburban Thoroughfare, and 5% in Suburban Shopping
Center shopping districts (Table 4.2).

While walking may represent a small share of overall transportation movement in a
metropolitan region, walking was used for greater distances on tours to Urban Core
shopping districts. Pedestrian travel represented 244 (18%) of the 1,360 respondent miles
traveled (393 of the 2,190 respondent km traveled) on these tours. Respondents traveling
to Urban Core shopping districts walked much further during their tours (average of 1.58
miles (2.54 km) per tour) than respondents traveling to other types of shopping districts
(average of 0.36 miles (0.58 km) per tour).

Alternative measures of mode share showed that walking was very common in higher
density, mixed-use shopping districts. Trips that began and ended within the shopping
district were commonly made by walking in Urban Core corridors (96%) and Suburban
Main Street corridors (63%). Considering overall tour mode use, 97% of respondents
traveling to and from Urban Core shopping districts and 58% traveling to and from
Suburban Main Street shopping districts did some walking on their tour.

Walking was not as common among respondents in Suburban Thoroughfare and
Suburban Shopping Center shopping districts, but these automobile-oriented shopping
districts still had pedestrian activity. 30% of respondent trips starting and ending within
in Suburban Thoroughfare shopping districts and 40% of respondent trips within
Suburban Shopping Center shopping districts were made by walking. In addition, more
than one-quarter of full tours to and from Suburban Thoroughfare (28%) and Suburban
Shopping Center (32%) shopping districts included at least one pedestrian stage. This
finding underscores the importance of making all urban areas accessible and safe for
pedestrians because people will walk, even when land use patterns and neighborhood
design make walking inconvenient.

A majority of respondents considered using walking as an option to travel to the Urban
Core (80%) and Suburban Main Street (62%) survey stores, but fewer considered
walking to the Suburban Thoroughfare (35%) and Suburban Shopping Center (50%)
stores. This may indicate that walking is less convenient in suburban locations because,
on average, people live further from stores than in urban areas. However, it could also
suggest that conditions for walking are viewed as uncomfortable or unsafe in suburban
communities (e.g., disconnected pedestrian facility networks; difficult pedestrian
crossings of multi-lane arterial thoroughfares). Greater consideration of walking in
Urban Core areas may also reflect that automobile parking is limited and expensive, so
driving is not viewed as an attractive mode choice (only 25% of respondents surveyed at
Urban Core stores considered driving, compared to 74% at Suburban Main Street, 92% at
Suburban Thoroughfare, and 95% at Suburban Shopping Center stores).
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Table 4.2. Primary Mode Share Used by Respondents in Different Urban Environments

1. Urban Core Respondent Mode Sha re’

Shopping District N Walk Bicycle Transit Automobile
SF-Market St. 49 46.9% 4.1% 40.8% 8.2%
SF-Fillmore St. 52 59.6% 0.0% 15.4% 25.0%
SF-Mission St. 53 45.3% 1.9% 39.6% 13.2%
Cluster Ave rage 154 50.6% 1.9% 31.8% 15.6%

espondent Mode Sha re’

x

2. Suburban Main Street

Shopping District N Walk Bicycle Transit Automobile
Berkeley 54 31.5% 13.0% 1.9% 53.7%
Oakland 50 18.0% 2.0% 6.0% 74.0%
Richmond 50 24.0% 2.0% 10.0% 64.0%
SF-Taraval St. 47 25.5% 0.0% 19.1% 55.3%
SF-Third St. 45 17.8% 0.0% 15.6% 66.7%
Daly City 45 22.2% 0.0% 20.0% 57.8%
Burlingame 52 25.0% 3.8% 1.9% 69.2%
San Mateo 53 24.5% 1.9% 1.9% 71.7%
Cluster Average 396 23.7% 3.0% 9.1% 64.1%

espondent Mode Sha re’

x

3. Suburban Thoroughfare

Shopping District N Walk Bicycle Transit Automobile
Hayward 51 11.8% 0.0% 3.9% 84.3%
Fremont 47 14.9% 2.1% 2.1% 80.9%
Danville 42 2.4% 0.0% 0.0% 97.6%
Brentwood 43 2.3% 4.7% 2.3% 90.7%
Concord 45 17.8% 0.0% 0.0% 82.2%
El Cerrito 41 7.3% 0.0% 4.9% 87.8%
San Carlos 47 2.1% 4.3% 6.4% 87.2%
Cluster Average 316 8.5% 1.6% 2.8% 87.0%

espondent Mode Sha re’

=

4. Suburban Shopping Center

Shopping District N Walk Bicycle Transit Automobile
Pleasanton a7 4.3% 2.1% 2.1% 91.5%
S. San Francisco 46 6.5% 0.0% 0.0% 93.5%
Cluster Average 93 5.4% 1.1% 1.1% 92.5%
Overall Respondent Mode Sha re’

N Walk Bicycle Transit Automobile
Overall Average 959 21.3% 2.2% 9.9% 66.6%

1) Survey respondent transportation mode share is the mode that the person used for the greatest distance on their entire
tour from the time they left home until the time they returned home. Cluster average is weighted average of individual store
data based on surveys per store (2009).



Pedestrian Path Density

Detailed data on short trips and secondary modes of transportation provided useful data for
representing pedestrian movements geographically. Path density maps showed where
concentrations of respondent pedestrian activity occurred. Survey respondents in Urban Core
shopping districts tended to walk along the entire commercial street as well as along streets that
provided connectivity to the main shopping area (Figure 4.6). Respondent pedestrian patterns in
Suburban Main Street shopping districts tended to concentrate along the length of the main
shopping street (Figure 4.7). In contrast, many pedestrian movements in Suburban Thoroughfare
and Suburban Shopping Center shopping districts were contained within specific shopping
complexes, indicating that most respondents traveled to the district by automobile and some
walked between stores (Figure 4.8). Respondent walking path density maps are provided for all

20 shopping districts in Appendix L

Figure 4.6. Respondent Walking Path Density in Urban Core Shopping Districts
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Figure 4.7. Respondent Walking Path Density in Selected Suburban Main Street Shopping

Districts
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Figure 4.8. Respondent Walking Path Density in Suburban Thoroughfare and Suburban

Shopping Center Shopping Districts
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Potential Applications

Detailed tour mode data provide a foundation for analyzing travel movements at a human scale
and offer potential to improve pedestrian planning, design, and engineering. More complete
information about walking can help practitioners analyze pedestrian safety needs and improve
pedestrian crossings with treatments such as new traffic signals, median islands, and curb
extensions. Detailed pedestrian travel data can also help prioritize pedestrian network
improvements, such as filling sidewalk gaps and enhancing streetscapes with new landscaping
and street trees. More accurate information about pedestrian mode share can also help
communities allocate street right-of-way space so that it serves existing and future users
adequately, which may include removing or narrowing automobile travel lanes and widening
sidewalks beyond minimum accessibility requirements.

Specific applications of fine-grained pedestrian data include:

e Performance measurement. Detailed information about walking mode shares and
distances can be used to create more accurate transportation system performance
measures. Pedestrian performance measures can be used to assess progress towards
community transportation goals, such as increasing the use, comfort, and safety of
walking. These performance measures can be documented at regular intervals to see how
pedestrian travel changes over time.

e Transportation impact assessment. Pedestrian data can demonstrate how a particular type
of development may impact the amount and type of walking in a community. This will
make it possible for communities to make walking comfortable, convenient, and safe,
which may include levying development impact fees for pedestrian infrastructure and
safety improvements.

e Trip generation studies. The amount of walking generated by a store may be different
depending on surrounding land uses, neighborhood socioeconomic characteristics, or
transportation infrastructure. The number of pedestrian trips that are made to and from a
particular store within a specific time period can be used to calculate pedestrian trip
generation rates, which can be used in regional travel models. These more accurate trip
generation rates can also be used to design sidewalks and other pedestrian facilities that
go beyond minimum accessibility requirements and serve anticipated pedestrian demand.

e Safety analysis. Measures of walking within a specific geographic area can be used to
quantify the amount of exposure that pedestrians have to traffic crashes and injuries. The
number of reported crashes can be normalized by exposure to estimate the risk of walking
in particular locations.

e Physical activity assessment. Quantifying the distance traveled by walking can provide
estimates of the amount of physical activity done by people using this active mode.
Incorporating more physical activity into routine travel can help reduce obesity and
related diseases.

e Travel behavior analysis. Measures of pedestrian travel to, from, and within shopping
districts allow researchers to identify how variables related to the store site, nearby
roadway corridor, and surrounding neighborhood are associated with walking.
Practitioners can use the research results to promote land use and transportation strategies
that help achieve local and regional pedestrian mode share goals.
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Survey Lessons Learned

Many lessons were learned by implementing the human-scaled transportation survey. The
following lessons about the survey administration process and travel data accuracy and
completeness may lead to advances in pedestrian data collection.

Survey Administration Process

The survey instrument and distribution process were designed to avoid systematic exclusion of
any type of customer from participating. However, it was not possible to offer the survey to all
customers exiting the store. The characteristics of customers who were invited to take the survey
but declined to participate were documented, but people who exited the store while surveys were
being administered to other customers were not recorded. Insights into non-response were
gained over three months of surveying. Reasons for not participating in the survey included:

® Lack of time. People who declined to participate said things like: “I’m in a hurry”,
“Sorry, I don’t have time”, “My parking meter is expired, and I don’t want to get a
ticket”, “I’m double-parked”, “I need to get to an appointment”, or “I’m at work—I'm
not even supposed to be here”. Several respondents said that they only had one or two
minutes, but couldn’t do the survey if it was three minutes.

e Childcare responsibilities. Parents refused the survey by saying, “Sorry, my kids are
with me”, “My kids are waiting in the car”, “I’ve got to get my daughter to her soccer
game”, “I’ve got to get my son to a birthday party”, “I’m late for picking up my daughter
from daycare”, and “I can’t stop—my son needs to go to the bathroom”.

e Language barriers. While the surveys were offered in English and Spanish, resources
were not available to offer the survey in other languages. This prevented some customers
from participating, especially Asian-language speakers at the stores in Daly City, in
South San Francisco, and on Taraval Street in San Francisco. A common response from
people who declined the survey was, “Sorry, I do not speak English.”

e (Cell phones and other distractions. A few people were talking on a cell phone as they
exited the store. While many of these people were invited to participate in the survey,
none stopped to take the survey. A few people answered their cell phone after they had
started the survey, but all of these participants completed the survey.

e Distaste for surveys or distrust of surveyors. A few people refused the survey by saying,
“I don’t do surveys.” Some people appeared to try to avoid being asked to participate by
walking closely behind other customers exiting the store. Others appeared to simply
ignore the surveyor’s verbal invitation to participate. Several people were skeptical of
the survey, saying “Yeah, right, you aren’t a student”, “I don’t want to buy any”, or
“How much money do you want?”

e Jllness. A few people declined to participate because they said they were sick. However,
several people still took the survey even though they were congested, coughing, or said
that they didn’t feel well.

These common reasons for not participating in the survey may indicate certain types of non-
response bias. For example, illness may have prevented some people who declined to participate
from walking or bicycling, traveling long distances, or making multiple-stop tours. People who
were in a hurry (e.g., working professionals or parents with childcare responsibilities) may have
had more time pressure than people with more time available (e.g., people who were
unemployed or retired), so they may have been more likely to choose a mode that had a higher
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travel speed, such as automobile, rather than walking. Since people who were in a hurry may
have been less likely to participate, the modes reported by respondents may have been biased
towards modes used by people who were less time-constrained. However, the value of time
reported by respondents was similar to the value of time reported in the Bay Area Travel Survey,
so this indicates that the time-constraint bias in this retail pharmacy store customer survey may
not be very different from the well-established, larger-sample regional household survey. The
value of time finding is discussed in more detail in Chapter 5.

Skilled surveyors were needed to gather high-quality data. While the lead researcher conducted
549 (55%) of the surveys, two research assistants conducted the remaining surveys. These
assistants were Masters students in the UC Berkeley Department of City and Regional Planning,
and they were trained by discussing the survey distribution method and each survey question in
detail with the lead researcher. The assistants learned the survey method very quickly with
minimal in-the-field training. However, the lead researcher and both assistants improved their
survey technique with experience. For example, the response rate increased from 21.0% for the
first 502 surveys to 22.8% for the remaining 501 surveys, and the number of surveys with
complete tour information increased from 94.8% during the first half to 96.4% during the second
half of data collection. Future training with less skilled assistants could be done by having the
assistants conduct practice surveys or watch the lead surveyor administer several surveys.

Initially, the survey was designed to exclude people living more than two miles from the survey
store in an attempt to ensure that most tour locations could be located on the map. This initial
screening question was attempted on the first survey day, but it was determined to be disruptive
to the flow of the survey. It was essential to engage the participant in the survey mode choice
questions immediately to generate interest in the topic and move quickly through the initial
socioeconomic questions to build rapport. In addition, some people who may have wanted an
excuse not to participate would probably say that they lived too far away, while others would not
have known if they lived within two miles. The screening question was also eliminated because
the mapping exercise made it possible to classify respondents by geographic location: 736
(77%) of the 959 respondents who provided complete tour data lived within two miles (3.2 km)
of the store.

Travel Data Accuracy and Completeness

Mapping respondent tour stops and routes was useful for improving the accuracy of the initial
responses to the survey. The first survey question asked respondents to report the primary mode
of transportation they were using on their tour. Responses to this question were compared with
the actual primary respondent travel mode calculated from their geocoded tour data. This
comparison showed that the Question 1 response and geocoded tour data differed for 72 (7.5%)
of the 959 respondents. Most of the incorrect responses to Question 1 were due to respondents
reporting walking as their primary mode when they had either used transit or an automobile for
the majority of their tour. It is likely that these respondents confused the walking that they had
done from their last activity stop, bus stop, or parking space with their overall tour mode, so it
was helpful to correct their primary mode response with the geocoded data.

A small number of respondents did not begin or end the day at home. One respondent had been
on a business trip in Las Vegas, flew to Oakland, went to the office, and stopped at the store
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before going home. Another respondent lived in Brentwood and stopped at the store on the way
to a multi-day conference in San Jose. The route information from these respondents was not
used.

Several respondents reported the locations of other stops they made before the store, but they did
not know where they were going afterward. After prompting, these participants reported
locations where they thought they might go. In addition, some respondents may have added
unanticipated stops to their tour before returning home. It was not possible to know how many
people revised their travel plans after completing the survey. Responses describing when
participants decided to go to the survey store provided some insight into unplanned stops: 24%
did not decide until after they left home, and 15% decided when they were passing by the store.
Therefore, it was relatively common for people to make unplanned stops on a tour. This
highlights a challenge of relying on self-reported travel behavior, especially for anticipated
travel.

Global positioning systems (GPS) techniques may be able to collect similar complete tour data,
and this technique has been used to document bicycle travel routes and speeds (Dill and Gliebe
2008; Charlton et al. 2011). Several challenges for using this type of approach include 1)
participants being aware of carrying the devices and possibly modifying their travel behavior to
conform with social norms, 2) representative sampling (i.e., if GPS units are used, only a certain
type of person may be willing to travel with a device; if tracks from mobile devices are used, the
analysis will only represent people who own these devices), 3) difficulty identifying the exact
locations of transitions between modes such as walking, bicycling, and public transit based on
the recorded speed of movement along a route, and 4) missing route data due to loss of contact
with satellites, devices being turned off or running out of batteries, or other recording errors.
However, this technology would be interesting to pursue through future research. If GPS units
were used to collect respondent tour data, survey participants could correct route information and
verify the mode used on each stage of their tour during a follow-up interview (Dill and Gliebe
2008).

The survey was designed to capture all walking respondents did on public streets and between
stores in shopping complexes. As respondents used the map to describe where they parked their
car or got off the bus, surveyors were able to ask if they walked for short distances. Many
people reported these walking movements, but it is likely that others did not mention these short
walking stages because they had already forgotten them, had survey fatigue, or did not anticipate
that they would be walking from parking or bus stops later in their tour. Therefore, it is likely
that the survey still underreported pedestrian travel.

However, it is likely that the face-to-face survey method was able to capture more complete data
about respondent walking than a telephone, internet, or mail survey. Talking with the respondent
while they were on their tour probably made it easier for them to recall walking stages that they
had done. They would be less likely to remember these walking stages if they needed to wait
until the end of the day or week to complete a trip diary or phone interview. In addition, other
types of surveys are not able to relate to the respondent’s specific tour in real time, but surveyors
in the field can point to nearby buildings and refer to local landmarks to help respondents
describe their travel.
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4.6. CONCLUSION

Some existing surveys do not capture short-distance pedestrian movements. When walking
information is collected, it may not be very accurate, and it is rarely analyzed. This chapter
described an intercept survey and GIS analysis method that was used to capture and quantify
short pedestrian trips and other walking movements that were part of automobile or transit tours
to, from, and within 20 shopping districts in the San Francisco Bay Area. Short pedestrian trips
and secondary pedestrian movements were most common in Urban Core and Suburban Main
Street shopping districts.

While the San Francisco Bay Area provided a range of urban and suburban environments for
capturing detailed walking data, it would be useful to do a similar study in a different region. In
addition, the survey was done in shopping districts, so it captured travel for shopping or errands,
among other purposes. Future surveys could be done in employment centers, residential
neighborhoods, or recreational areas to capture more complete pedestrian travel data in other
types of locations. Additional considerations for future research are described in Chapter 8.

Mode share analyses that only consider the primary transportation mode on a tour underrepresent
all pedestrian travel, especially walking in urban, mixed-use environments. While it may not be
feasible to include all walking done by respondents in every type of travel survey, it is important
to recognize the amount and type of travel that is being left out by certain methods. Detailed
mode share data provide a foundation for analyzing travel movements at a human scale and offer
potential to improve transportation pedestrian planning, design, and engineering. Specific
applications of detailed pedestrian data include performance measurement, transportation impact
assessment, trip generation studies, safety analysis, physical activity assessment, and travel
behavior analysis.
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CHAPTER 5. FACTORS ASSOCIATED WITH SUSTAINABLE TRAVEL
TO AND FROM SHOPPING DISTRICTS

5.1. SUMMARY

As communities search for ways to provide multimodal travel options for residents, it is
important for planners to understand characteristics of the urban environment that are associated
with walking and bicycling for routine travel. Prior research has identified several categories of
factors that are associated with walking and bicycling, including travel time and cost,
socioeconomic characteristics, attitudes towards walking and bicycling, perceptions of crime and
traffic safety, neighborhood land use and transportation infrastructure characteristics, and site
and corridor design. However, few studies have attempted to account for these factors
simultaneously while controlling for the effect of trip chaining on mode choice.

This chapter describes how mixed logit discrete choice modeling and qualitative interviews were
used to identify factors associated with traveling to and from shopping districts by walking,
bicycling, public transit, or automobile. The analysis was based on survey data from 1,003 retail
pharmacy store customers in 20 San Francisco Bay Area shopping districts in fall 2009 and 26
follow-up interviews with survey participants in spring 2010.

Two mixed logit model analyses were conducted to identify characteristics of communities that
planners, designers, engineers, and other policy makers could influence to make pedestrian,
bicycle, and public transportation more attractive. Both analyses controlled for important travel
and socioeconomic variables, such as travel time and distance, travel cost, number of stops, the
number of bags being carried, traveling with other people, gender, student status, income or
automobile ownership, and physical disabilities.

The main analysis focused on 397 respondents whose tours involved stopping only within each
study shopping district. It showed that respondents who enjoyed walking were more likely to
choose to walk rather than use public transportation or automobile, and respondents who traveled
to shopping districts with higher employment and population densities were more likely to walk
or take transit than use an automobile. In addition, walking was more attractive when multilane
roadways in the shopping district had greater tree canopy coverage, automobile was more
attractive when the survey store had a larger parking lot, and public transit was more attractive
when the survey store was located closer to a regional transit station.

The secondary analysis was conducted using complete tour data from all respondents. While the
secondary analysis used tour travel distance as a predictive variable rather than travel time and
did not control for the primary purpose of multi-district tours, it provided additional insights
about factors associated with the primary mode used on all 959 respondent tours. The
exploratory analysis of a small number of bicycle tours revealed that respondents who enjoyed
bicycling were more likely to bicycle, and respondents who traveled to shopping districts where
they perceived higher crime risk were more likely to drive on their tour than use other modes.
Bicycling was a more attractive tour travel mode for people surveyed in shopping districts with
more miles of bicycle facilities and at stores with more bicycle parking spaces. The utility of
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driving on a tour tended to be lower than other modes when the street adjacent to the survey store
had metered on-street parking.

This chapter suggests that planning practice can help transform communities into places that
support sustainable mode choices for routine travel. After controlling for socioeconomic factors,
walking to and from shopping districts was associated with factors such as shorter travel
distances, higher population densities, more street tree canopy coverage, and greater enjoyment
of walking. The exploratory analysis of a small number of bicycle tours found that bicycling
was associated with shorter travel distances, more bicycle facilities, and greater enjoyment of
bicycling. People were more likely to drive when they perceived a high risk of crime, but
automobile use was discouraged by higher employment densities, smaller parking lots, and
metered on-street parking. Creating communities with characteristics that support walking and
bicycling may make it possible for more people to live active lifestyles and make sustainable
transportation modes more convenient, safe, and useful for routine activities, such as shopping.

5.2. INTRODUCTION

Over the past two decades, many United States communities have established policies to reduce
private automobile use and increase the proportion of travel done by walking and bicycling. For
example, the City and County of San Francisco Municipal Charter (as amended in 2007) states,
“Decisions regarding the use of limited public street and sidewalk space shall encourage the use
of public rights of way by pedestrians, bicyclists, and public transit, and shall strive to reduce
traffic and improve public health and safety.” The Transportation 2035 Plan for the San
Francisco Bay Area includes a performance objective to “Reduce daily per-capita vehicle miles
traveled (VMT) by 10 percent from today by 2035 (Metropolitan Transportation Commission
2009). As of January 2011, 23 states and more than 150 local and regional governments had
established official policies to improve pedestrian and bicycle conditions as a part of all
transportation plans and projects (Complete Streets Coalition 2011).

While some local strategies have resulted in more walking and bicycling in specific
neighborhoods and for particular groups of people, broad modal shifts have not occurred. The
private motor vehicle accounts for 83% of all trips and is the most common transportation mode
used in every metropolitan region in the United States. Nationally, walking accounts for only
11% and bicycling accounts for only one percent of all trips. Automobile use is even higher
among the 22% of home-based trips that are made for shopping purposes, accounting for 89% of
all shopping travel (Federal Highway Administration 2009).

Many studies have explored factors associated with pedestrian and bicycle mode choice, but
relatively few have accounted for trip-chaining behavior. This is important because some
individual trips between activities (e.g., home to shopping) may be a short “walkable” or
“bikable” distance when viewed by themselves, but the entire trip chain, or tour (e.g., home to
work to daycare to shopping to home), is very difficult to complete without an automobile. Also,
in recent years, researchers have identified associations between attitude, perception,
neighborhood, and site characteristics and pedestrian and bicycle mode choice. However, few
studies have attempted to develop statistical models that include traditional travel and
socioeconomic variables and these new factors. Some variables may have weaker associations
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with walking and bicycling than previously reported when tested in combination with a full set
of explanatory variables. Therefore, it is not clear which strategies available to urban planners
may be the most effective for increasing walking and bicycling for routine trips.

5.3. PURPOSE

The purpose of this chapter is to provide planners with more complete information about the type
of urban environments that support walking and bicycling for routine travel, such as to and from
shopping districts. This information can be used to promote land use regulations, roadway
corridor and site designs, parking guidelines, or other strategies that may be effective at
increasing walking and bicycling. Therefore, this chapter explores the following research
question: What travel, socioeconomic, attitude, perception, and local environment characteristics
are associated with walking and bicycling to and from shopping districts?

5.4. LITERATURE REVEIW

Many travel behavior studies have explored factors associated with pedestrian and bicycle mode
choice. Table 5.1 and Table 5.2 list factors shown by several discrete choice modeling studies to
be associated with pedestrian and bicycle travel. These studies have used data from a variety of
sources, including household travel surveys (Purvis 1997; Bowman and Ben-Akiva 2000; Kim
and Ulfarsson 2008), intercept surveys (Walton and Sunseri 2007), and stated preference surveys
(Ryley 2008).

Discrete choice modeling is a common approach for identifying factors that are associated with
walking or bicycling. Binomial logit models have been used to compare between two
alternatives, such as the choice of walking versus driving or the choice of bicycling versus using
any other mode (Black, Collins, and Snell 2001; Berrigan and Troiano 2002; Cervero and
Duncan 2003; Walton and Sunseri 2007; Ryley 2008). Multinomial logit models are used to
compare three or more alternatives, such as walking, bicycling, and driving (Bowman and Ben-
Akiva 2000; Kim and Ulfarsson 2008). This model structure assumes that each choice is
independent (i.e., if the bicycle alternative is removed, survey respondents will be equally likely
to choose between walking or driving). Nested logit models are used to account for
interdependence between modes when there are three or more mode choices (Purvis 1997;
Jonnalagada ef al. 2001). For example, pedestrian and bicycle modes are sometimes grouped
together into a “non-motorized” nest. This is appropriate when study participants are likely to
either drive or use a non-motorized mode but are unlikely to switch between walking and
bicycling if one of the non-motorized modes is not an option (e.g., if the bicycle alternative is
removed, survey respondents will be more likely to walk than drive).

Mixed logit models that include nesting parameters also overcome the independence of irrelevant
alternatives problem (Revelt and Train 1998; Hensher and Greene 2003; Train 2009). Most
researchers have used them to analyze various types of automobile, public transit, and air
transportation choices and have not included walking and bicycling (Viton 2004; Long, Lin and
Proussaloglou 2010). The mixed logit structure also has the flexibility to account for multi-level
data collected from identical surveys distributed in different locations. This data collection
approach is common for studying relationships between neighborhood characteristics, physical
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activity, and pedestrian travel, but most previous studies have not employed mixed logit models
(Shriver 1997; Steiner 1998; Mackett 2003; Brown, Khattak, and Rodriguez 2008).

Mode choice studies have also measured travel differently. Some have explored the choice of
mode for individual trips between two activity locations (Purvis 1997; Cervero and Duncan
2003; Kim and Ulfarsson 2008; Ryley 2008). Others have considered entire tours, or trip-chains,
which include the set of trips from the time a person leaves home until they return home
(Bowman and Ben-Akiva 2000; Jonnalagada et al. 2001). Chen, Gong, and Paaswell (2008)
suggest that trip chains, rather than individual trips, should be used for analyzing mode choice.
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Table 5.1. Factors Associated with Pedestrian Travel in Discrete Choice Modeling Studies

(2001)

Region

number of tours

microsimulation ofa
synthesized
population within San
Francisco TAZs

work tours

Number of stops on tour (-)

within destination TAZ (+)
Topological barriers within
destination TAZ (+)

Context Methodology Significant Factors’
Author(s) (Year) Study Area Sample Size Data Collection Analysis Travel Socioeconomic Attitude & Perception |Neighborhood & Site |Other
Purvis (1997) San Francisco Bay|10,838 1990 Bay Area Travel |Nested logit model of |Ln(Travel time)(-) Employment densityin
Region households, Survey 2-dayactivity |work trip mode choice zone of work (+)
unreported diary
number of trips
Purvis (1997) San Francisco Bay|10,838 1990 BayArea Travel |Nested logit model of |Travel time (-) Zero-automobile
Region households, Survey 2-day activity |home-based household (+)
unreported diary shopping/other trip
number of trips mode choice
Bowman & Ben-Akiva Boston Region 1,929 tours 1991 Boston MPO 1-  |Multinomial logit Trip distance squared ()  |Automobiles per driver (-)
(2000) day household travel |[model of non-work
diary tours
Jonnalagadda etal. San Francisco Bay |Unreported Tour-based Nested logit model of | Travel time (-) Network connectivity

Jonnalagadda etal.
(2001)

San Francisco Bay
Region

Unreported
number of trips

Tour-based
microsimulation ofa
synthesized
population within San
Francisco TAZs

Nested logit model of
work trips

Travel time (-)

Network connectivity
within destination TAZ (+)
Ease of street crossings
within destination TAZ (+)
Urban vitality within
destination TAZ (+)

diary

(selected trip
purposes)

Trip for recreation (+)
Trip for eating/meal (+)
Trip for socializing (+)
Trip for shopping (+)

African-American (+)
Asian-American (-)
White (-)
#ofhousehold autos (-)

Land use diversity factor
within 1 mi. of origin (+)
Low-income nbhds. (-)
Steeperslopes ()

Berrigan & Troiano United States 14,827 1988 to 1994 Third Odds ratios based on Male (+) Home built before 1974 in
(2002) individuals National Healthand |binomial logit model White (+) urban and suburban areas
Nutrition Examination |of walking one mile or Age (-) +)
Survey more 0to 19 vs. 20 or High-school education or
more times per month lower (-)
Cervero & Duncan (2003) |San Francisco Bay [ 7,836 trips 2000 Bay Area Travel |Binomial logit model |Trip distance (-) Disability (-) Emp. density within 1-mi. |Rainfall (-)
Region Survey 2-dayactivity |oftrips <5 miles Trip on weekend (+) Male (+) oftrip origin (+) Darkness (-)

Walton & Sunseri (2007)

Auckland and
Wellington, New
Zealand

348 individuals

2005 interceptand
mail survey of walkers
and car users living
within 1 km ofa train
orbus station

Binomial logit model
ofwalking or driving
regularly to the
station

#ofhousehold autos (-)

Believe park & rides are
only for people who are far
from station (+)

Believe it is sometimes
more convenient to take
the car (-)

Fine weather (+)
Chance ofrain (-)

Ryley (2008)

West Edinburgh,
United Kingdom

627 individuals
who regularly
drive choosing
among5,643
stated choices

2003 stated
preference survey of 9
scenarios varying 3
conditions: trip time,
gas price, and parking
price

Binomial logit model
ofwalking or driving
for a 10-min. driving
tripin dry weather,

travelingalone,and
carryingno packages

Parking cost (+)
Gas cost (+)

Kim & Ulfarsson (2008)

Seattle Region

2,737 trips

1999 2-day household
activity survey

Multinomial logit
model of single-mode,
single-purpose,
weekday trips <1.4
miles

Trip distance ()

Trip during daytime (+)
Traveling with at least one
other person (-)

Trip to school (+)

Trip for shopping (-)

Trip for eating out (+)

Trip for
socializing/recreation (+)
Total travel time in day (+)

Age (1)

African American or
Hispanic (-)

College degree (+)
Drivers license (-)

Lived in home <1 year (+)
Vehicle availability (-)
Married w/o children (-)
Married with children (-)
Non-family household (-)

Urbanindex(+)

1) Significant factors include variables that are determined to be significant by the study author(s). Apositive association between the factor and pedestrian mode choice is indicated by a (+), and a negative association is indicated by a (-).

Note: 1 mile = 1.61 kilometers
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Table 5.2. Factors Associated with Bicycle Travel in Discrete Choice Modeling Studies

number of trips

Palo Alto =zone of work (+)
Berkeley =zone of work (+)

Context Methodology Significant Factors®
Author(s) (Year) Study Area Sample Size Data Collection Analysis Travel Socioeconomic Attitude & Perception |Neighborhood & Site [Other
Purvis (1997) San Francisco Bay|10,838 1990 BayArea Travel |Nested logit model of |Travel time (-) Ln(Employment density)in
Region households, Survey 2-day activity |worktrip mode choice zone of residence (+)
unreported diary Stanford =zone of work (+)

(2001)

Region

number oftours

microsimulation ofa
synthesized
population within San
Francisco TAZs

work tours

Number of stops on tour (-)

Purvis (1997) San Francisco Bay|10,838 1990 Bay Area Travel [Nested logit model of |Traveltime (-) Stanford =zone of shop (+)
Region households, Survey 2-day activity |home-based Palo Alto =zone of shop (+)
unreported diary shopping/other trip Berkeley =zone of shop (+)
number of trips mode choice
Bowman & Ben-Akiva Boston Region 1,901 tours 1991 Boston MPO1- [Multinomial logit Distance (-) Automobiles per driver (-)
(2000) dayhousehold travel |model of worktours Underage 20 (+)
diary
Bowman & Ben-Akiva Boston Region 1,929 tours 1991 Boston MPO 1-  [Multinomial logit Distance (-) Automobiles per driver (-)
(2000) dayhousehold travel |model of non-work Underage 20 (+)
diary tours
Jonnalagadda etal. San Francisco Bay |Unreported Tour-based Nested logit model of |Travel time (-)

Jonnalagadda etal.
(2001)

San Francisco Bay

Region

Unreported
number of trips

Tour-based
microsimulation ofa
synthesized
population within San
Francisco TAZs

Nested logit model of
work trips

Travel time (-)

activity survey

model of single-mode,
single-purpose,
weekdaytrips <1.4
miles

other person ()

Trip to school (+)

Trip for
socializing/recreation (+)

Bus pass (+)
Vehicle availability (-)
Non-family household (-)

Cervero & Duncan (2003) |San Francisco Bay|7,836 trips 2000 Bay Area Travel |Binomiallogit model [|Tripdistance (-) Male (+) Emp. density within 1 mi. |Darkness (-)
Region Survey 2-day activity |oftrips <5 miles Trip for recreation (+) African-American (+) of origin (-)
diary (selected trip Trip for socializing (+) Number of household Retail density within 1 mi.
purposes) vehicles (-) of origin (+)
Number of household Pedestrian/bike-friendly
bicycles (+) design factor within 1 mi.
of destination (+)
Ped/bike-friendly factor
within 1 mi. of origin (+)
Slope (-)
Land use diversity factor
within 1 mi. of origin (+)
Low-income nbhds. (-)
Kim & Ulfarsson (2008) [Seattle Region 2,737 trips 1999 2-day household | Multinomial logit Traveling with at least one |Age (-)

Handy, Xing, & Buehler
(2010)

Davis, Chico,
Turlock, and

Woodland, CA;

Boulder, CO;
Eugene, OR

571individuals

2006 online survey
and 2008 phone
survey

Nested logit model of
bicycle use and
ownership (results
presented here are
characteristics of
people bicyclingat
least once per week)

Age (1)
Education level (+)

Concern about
environment (+)

Level of comfort with
bicycling (+)

Chose to live in bicycle-
friendly community (+)
Perceive bicyclists to have
little regard for their
personal safety (+)

Longer distances to
destinations (-)
Network of off-street
bicycle paths (+)

1) Significant factors include variables that are determined to be significant by the study author(s). Apositive association between the factor and bicycle mode choice is indicated by a (+), and a negative association is indicated by a (-).

Note: 1 mile = 1.61 kilometers




Researchers have found several categories of factors to be related to pedestrian or bicycle mode
choice. These include travel, socioeconomic, attitude, perception, and neighborhood and site
factors.

Travel Factors

Pedestrian and bicycle modes are generally slower than automobiles and transit vehicles, so
shorter travel time and distance are travel factors that tend to be associated with a higher
likelihood of walking and bicycling for both trips and tours (Purvis 1997; Bowman and Ben-
Akiva 2000; Jonnalagadda et al. 2001; Cervero and Duncan 2003). Higher costs of gas and
automobile parking also make walking more attractive compared to driving (Ryley 2008).
Traveling with another person has been associated with a lower likelihood of walking and
bicycling compared with driving (Kim and Ulfarsson 2008). Compared with driving, people
may be less likely to bicycle and much less likely to take transit and walk on tours that have a
greater number of stops (Jonnalagadda et al. 2001). However, a study of four Austin
neighborhoods shows that between 82 and 92 percent of walking trips are made for more than
one activity (Shriver 1997). Specific trip purposes have also been shown to relate to pedestrian
and bicycle mode choice. Trips for recreation, socializing, and eating out have a significantly
higher likelihood of being done by walking than trips for other purposes (Cervero and Duncan
2003; Kim and Ulfarsson 2008). Walking and bicycling are also more likely for school trips
(Kim and Ulfarsson 2008). Shopping trips have shown mixed results for walking. Carrying
heavy packages and bad weather have been cited as reasons for using a car instead of walking or
bicycling for shopping trips shorter than five miles (Mackett 2003).

Socioeconomic Factors

Many socioeconomic characteristics are related to the propensity to travel by walking or
bicycling rather than driving. Automobile ownership and availability are negatively associated
with walking and bicycling (Bowman and Ben-Akiva 2000; Cervero and Duncan 2003; Kim and
Ulfarsson 2008). Other socioeconomic factors positively related to pedestrian and bicycle mode
choice in multiple studies include being male, younger, and better educated.

Attitudinal Factors

Attitudes towards different modes of transportation have been linked to levels of walking and
bicycling. People who choose to walk rather than drive to transit stations in New Zealand hold a
belief that park-and-ride lots should be used by people who live far from the station (Walton and
Sunseri 2007). People with pro-environment attitudes tend to walk and bicycle more (Kitamura,
Mokhtarian, and Laidet 1997), and people with pro-walking and pro-bicycling attitudes tend to
walk more than the general population (Handy and Mokhtarian 2005). Bicyclists who do not
bicycle regularly are more likely to agree with the view that most bicyclists are too poor to own a
car (Handy, Xing, and Buehler 2010). Compared with people who do not bicycle at least once
per week, regular bicyclists are more likely to choose to live in a bicycle-friendly community
(Handy, Xing, and Buehler 2010). This indicates that it is important to control for personal
attitudes when studying neighborhood factors that may be associated with pedestrian and bicycle
mode choice. While changing the design of a neighborhood may motivate some changes in the
travel behavior of existing residents, people who prefer walking and bicycling also self-select
into neighborhoods where walking and bicycling are convenient and comfortable (Handy and
Mokhtarian 2005).
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Safety and Security Perception Factors

Previous studies that have evaluated traffic safety (e.g., risk of being struck by a vehicle) have
not shown consistent relationships with pedestrian and bicycle mode choice. Saelens et al.
(2003) find that perceived neighborhood traffic safety is associated with higher levels of walking
and bicycling. However, parent perceptions of neighborhood safety for walking and bicycling
are not associated with whether or not children walked to school (McMillan et al. 2006).
Bicyclists who bicycle regularly (at least once in the last week) are less likely to be concerned
with traffic safety, which may indicate that more people bicycle in environments where they feel
safe (Handy, Xing, and Buehler 2010).

Studies of personal security (e.g., risk of being a victim of crime) have also shown mixed results.
Women are less likely to walk for exercise and walk dogs when they perceive their
neighborhood to have below average traffic safety and crime security (Suminski et al. 2005).
However, Saelens er al. (2003) find that neighborhood security is not associated with higher
levels of walking and bicycling.

Neighborhood and Site Design Factors

Characteristics of the neighborhood, corridor, or site area near where a person starts or ends a
trip are also associated with pedestrian and bicycle mode choice. There tends to be a greater
utility for walking and bicycling in areas with higher population and housing unit densities,
higher employment densities, greater land use mix, and shorter distances to activity destinations
(Purvis 1997; Cervero and Duncan 2003; Krizek, Forsyth, and Baum 2009; Handy, Xing, and
Buehler 2010). The combined effect of these land use variables into a single factor representing
“urbanized” areas has also shown a positive association with pedestrian travel (Kim and
Ulfarsson 2008). However, Forsyth et al. (2007) suggest that higher residential densities in the
Twin Cities only increase walking for utilitarian purposes; recreational walking is actually more
common in lower-density neighborhoods.

Transportation infrastructure, such as sidewalk and street network connectivity, bicycle lanes,
and multi-use trails may have a positive association with the likelihood of walking and bicycling
(Jonnalagada et al. 2001; Dill and Carr 2003; Cervero and Duncan 2003; Handy, Xing, and
Buehler 2010). Yet, the quality of pedestrian and bicycle facilities may have more of an
influence on walking to work, shopping, or other specific destinations than increasing physical
activity (Forsyth ef al. 2008). Parking availability may also be related to the choice to walk.
Children were more likely to walk to school when their parents perceived a parking problem at
the school (Black, Collins, and Snell 2001). Flatter terrain has also been associated with more
walking and bicycling (Cervero and Duncan 2003).

Other Factors

Several other factors have also been shown to relate to pedestrian and bicycle mode choice.
People are more likely to walk under pleasant weather conditions and less likely to walk when it
is raining or there is a chance of rain (Cervero and Duncan 2003; Walton and Sunseri 2007).
Pedestrian and bicycle modes are less attractive during darkness (Cervero and Duncan 2003).
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Many studies have identified individual factors associated with walking and bicycling mode
choice. Some have accounted for several different categories of variables. However, there is a
need for more studies that:

e (Control for the influence of all types of explanatory variables, including travel,
socioeconomic, attitudinal, perception, and neighborhood and site variables on pedestrian
and bicycle mode choice.

¢ Control for the influence of trip chaining on pedestrian and bicycle mode choice so that
the results reflect people’s actual mode choice decision-making process more accurately.

5.5. METHODOLOGY

Detailed travel data were gathered from an intercept survey of retail pharmacy store customers in
the San Francisco Bay Area. Information about the study area, survey distribution times and
techniques, survey participant characteristics, and number of surveys completed by store location
was provided in Chapter 3. The sections below focus specifically on the characteristics of survey
participants who made particular types of tours and how these different types of tours were
analyzed during the modeling process.

Shopping District Tours versus Multi-District Tours

Of the 959 respondents with complete tour data, 397 (41%) made all of their stops within the
shopping district around the retail pharmacy store. In contrast, 562 (59%) respondents made at
least one stop further than one-half mile (804 m) from the retail pharmacy store. The 562 multi-
district tours were different than the 397 shopping district tours (Table 5.3). Respondents who
stopped outside of the shopping district traveled longer distances, made more stops, and were
more likely to decide to go to the retail pharmacy store after they had already left home. In fact,
approximately 45% of people who stopped outside the shopping district decided to visit the retail
pharmacy store after leaving home or passing by the store compared to 28% of people who made
all of their stops in the shopping district. This suggests that people traveling outside the
shopping district may have been more likely to visit the shopping district as an afterthought
rather than as their primary travel purpose.
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Table 5.3. Comparison of Tour Characteristics

Travel Characteristics

All Stops Within
Shopping District (N=397)

At least 1 Stop Outside
Shopping District (N=562)

Mean Tour Distance (km) 6.3 29.4
Median Tour Distance (km) 2.7 15.4
Mean # of Stops:L 3.3 4.9
Median # of Stops1 3.0 4.0
Carrying No Bags 16.4% 14.1%
Carrying 2+ Bags 24.7% 24.2%
Shopping Alone 74.4% 73.8%
Shopping on Saturday 51.6% 48.6%

Planning Characteristics
(when decided to go to store)

All Stops Within
Shopping District (N=397)

At least 1 Stop outside
Shopping District (N=562)

Decide yesterday or before 16.4% 23.2%
Decide before leaving home 55.8% 31.7%
Decide after leaving home 16.4% 28.9%
Decide passing by store 11.4% 16.2%

Primary Mode Used on Tour
(greatest distance)

All Stops Within
Shopping District (N=397)

At least 1 Stop outside
Shopping District (N=562)

Walk 42.6% 6.2%
Bicycle 2.3% 2.1%
Transit 6.8% 12.1%
Automobile 48.4% 79.5%

1) Stops include all non-home activity locations on the respondent's tour plus
returning to home (i.e., total stops = non-home stops + 1).

Note: | mile = 1.61 kilometers

The 562 respondents who stopped outside of the shopping district were likely to have undertaken
another major activity besides shopping, such as going to work, attending university classes, or
transporting children to social and athletic events. This additional purpose may have influenced

the mode chosen for the tour. Since this study seeks to identify characteristics of shopping

districts that may be associated with walking and bicycling, the main analysis explores how the
397 respondents who made of all their activity stops within the shopping district traveled to and

from the shopping district. A secondary analysis was conducted to provide additional insights

about factors associated with the primary mode used on all 959 respondent tours. However, this
secondary model used tour travel distance as an explanatory variable rather than travel time and
did not control for the primary purpose of multi-district tours.'

" Travel time was not used in the secondary model because of resource limitations. Since the analysis explored the choice
between modes for the respondent’s entire tour, it would have been necessary to estimate travel times for walking, bicycling,
public transit, and automobile for each of the 4,069 individual trip segments within the database.
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5.6. MAIN ANALYSIS: MODE CHOSEN TO TRAVEL TO AND FROM SHOPPING
DISTRICTS

The main analysis in this chapter explores the mode choice of respondents who made all of their
stops within the shopping district where the survey store was located. Characteristics of the 397
respondents who made these shopping district tours are provided in Table 5.4, and the travel
modes used by these respondents are shown in Table 5.5.

Mode Choice by Type of Shopping District

The 397 tours averaged 3.9 miles and included an average of 3.3 stops (2.3 non-home stops).
225 (57%) of the tours were less than two miles (3.2 km), and 126 (32%) were single-stop tours
(i.e., home to the store and back home). Overall, 192 (48%) of the respondents used an
automobile (including drivers and passengers) as their primary travel mode, while 167 (42%)
walked, 29 (7%) took transit, and 9 (2%) bicycled. Primary mode was defined as the mode of
transportation used for the greatest distance for traveling between the respondent’s home and the
first and last stop in the shopping district. There were considerable differences in respondent
mode choice by type of shopping district (Table 5.5). Most customers traveling to and from San
Francisco Urban Core shopping districts walked or took transit, while most customers traveling
to Suburban Thoroughfare and Suburban Shopping Center shopping districts used an automobile.
Suburban Main Street shopping districts had similar proportions of customers who walked and
traveled by automobile.

79



08

Table 5.4. Completed Surveys and Participant Characteristics by Shopping District (N=397)

Participant Characte ristics’

Survey Location Completed Surveys Language Gender Age Group Size
Store
Response Shop

Name County Weekday| Saturday Total Rate’ Spanish %| Female % Male % 18-34 % 35-64 % 65+ % Alone %
Berkeley Alameda 9 8 17, 17.3% 0| 0.0% 9] 52.9% 8| 47.1% 9| 52.9% 7| 41 2% 1| 5.9% 15| 88 2%
Oakland Alameda 11 10 21  27.4% 6| 28.6% 12| 57.1% 9| 42.9% 7| 33.3% 13| 61 9% 1| 4.8% 12| 57.1%
Hayward Alameda 10 9 19] 30.5% 3| 15.8% 10| 52.6% 9| 47.4% 7| 36.8% 9| 47.4% 3| 15.8% 12] 63 2%
Fremont Alameda 12 12 24  21.8% 2| 83% 13| 54.2% 11 45.8% 9| 37.5% 12| 50 0% 3| 12.5% 20| 833%
Pleasanton Alameda 6 8 14 23.1% 0| 0.0% 8| 57.1% 6| 42.9% 2| 14.3% 6| 42 9% 6| 42.9% 12| 85.7%
Danville Contra Costa 4 7 111 28.7% 0| 0.0% 4] 36.4% 7| 63.6% 2| 18.2% 5| 455% 4] 36.4% 10| 90 9%
Brentwood Contra Costa 10 3 13, 27.1% 0| 0.0% 6] 46.2% 7| 53.8% 3| 23.1% 9| 69 2% 1| 7.7% 6| 46 2%
Concord Contra Costa 9 11 20 21.3% 5| 25.0% 12| 60.0% 8| 40.0% 8| 40.0% 9| 45 0% 3| 15.0% 11| 57 9%
Richmond Contra Costa 11 15 26] 26.7% 6| 23.1% 17| 65.4% 9| 34.6% 10| 38.5% 13| 50 0% 3| 11.5% 11] 45 8%
El Cerrito Contra Costa 6 2 8 20.2% 2| 25.0% 5| 62.5% 3| 37.5% 3| 37.5% 4] 50 0% 1| 12.5% 6| 75 0%
SF--Market St. San Francisco 10 15 25 15.5% 0| 0.0% 14| 56.0% 11| 44.0% 10| 40.0% 13| 52 0% 2| 8.0% 19| 76 0%
SF--Fillmore St. |San Francisco 16 18 34] 19.1% 1 2.9% 20| 58.8% 14{ 41.2% 8| 23.5% 15| 44.1% 11| 32.4% 27| 79.4%
SF--Taraval St. San Francisco 6 14 20 20.7% 0| 0.0% 12| 60.0% 8| 40.0% 6| 30.0% 9| 45 0% 5| 25.0% 15| 75 0%
SF--Mission St.  |San Francisco 9 15 24 23.9% 6| 25.0% 13] 54.2% 11| 45.8% 11| 45.8% 12| 50 0% 1| 4.2% 18| 75 0%
SF--Third St. San Francisco 8 9 17| 28.8% 3| 17.6% 9] 52.9% 8| 47.1% 7| 41.2% 8| 47.1% 2| 11.8% 14| 82.4%
S. San Francisco |San Mateo 8 7 15 19.3% 0| 0.0% 4] 26.7% 11{ 73.3% 4] 26.7% 5| 333% 6| 40.0% 13| 86.7%
Daly City San Mateo 10 8 18 16.6% 2| 11.1% 9] 50.0% 9| 50.0% 5| 27.8% 10| 55.6% 3] 16.7% 14] 77 8%
Burlingame San Mateo 11 16 27 25.8% 1] 3.7% 17] 63.0% 10| 37.0% 7] 25.9% 18] 66.7% 2| 7.4% 21| 77 8%
San Mateo San Mateo 16 12 28 19.2% 2| 71% 16| 57.1% 12{ 42.9% 5| 17.9% 18| 64 3% 5| 17.9% 24| 85.7%
San Carlos San Mateo 10 6 16 21.4% 0| 0.0% 9| 56.3% 7| 43.8% 4| 25.0% 10| 62 5% 2| 12.5% 13| 813%

Total 192 205 397 21.9% 39| 9.8% 219| 55.2% 178| 44.8% 127| 32.0% 205| 51.6% 65| 16.4% 293| 74.4%

1) Response rate was calculated as (Number of surveys/Total number of people invited to participate in survey).

2) The total number of surveys in particular categories maynot sum to 397 because of non-response to certain questions.




Table 5.5. Primary Mode Choice by Shopping District, Sorted by Cluster (N=397)

1. Urban Core Respondent Mode Sha re’

Shopping District N Walk Bicycle Transit Automobile
SF-Market St. 25 56.0% 4.0% 36.0% 4.0%
SF-Fillmore St. 34 82.4% 0.0% 5.9% 11.8%
SF-Mission St. 24 66.7% 0.0% 29.2% 4.2%
Cluster Average 83 69.9% 1.2% 21.7% 7.2%

el

2. Suburban Main Street espondent Mode Sha re’

Shopping District N Walk Bicycle Transit Automobile
Berkeley 17 64.7% 11.8% 0.0% 23.5%
Oakland 21 42.9% 0.0% 0.0% 57.1%
Richmond 26 38.5% 0.0% 7.7% 53.8%
SF-Taraval St. 20 55.0% 0.0% 5.0% 40.0%
SF-Third St. 17 47.1% 0.0% 23.5% 29.4%
Daly City 18 50.0% 0.0% 11.1% 38.9%
Burlingame 27 48.1% 7.4% 0.0% 44.4%
San Mateo 28 42.9% 0.0% 0.0% 57.1%
Cluster Average 174 47.7% 2.3% 5.2% 44.8%

espondent Mode Sha re’

X

3. Suburban Thoroughfare

Shopping District N Walk Bicycle Transit Automobile
Hayward 19 21.1% 0.0% 0.0% 78.9%
Fremont 24 29.2% 0.0% 4.2% 66.7%
Danville 11 0.0% 0.0% 0.0% 100.0%
Brentwood 13 7.7% 15.4% 0.0% 76.9%
Concord 20 40.0% 0.0% 0.0% 60.0%
El Cerrito 8 25.0% 0.0% 0.0% 75.0%
San Carlos 16 0.0% 12.5% 6.3% 81.3%
Cluster Average 111 19.8% 3.6% 1.8% 74.8%

espondent Mode Sha re’

x

4. Suburban Shopping Center

Shopping District N Walk Bicycle Transit Automobile
Pleasanton 14 14.3% 0.0% 0.0% 85.7%
S. San Francisco 15 13.3% 0.0% 0.0% 86.7%
Cluster Average 29 13.8% 0.0% 0.0% 86.2%
Overall Respondent Mode Sha re’

N Walk Bicycle Transit Automobile
Overall Average 397 42.1% 2.3% 7.3% 48.4%

1) Survey respondent transportation mode share is the mode that the person used for the greatest distance on the portion of
their tour where they were travelingin either direction between their home and the survey shoppingdistrict. Only

respondents who made all of their stops within the shoppingdistrict were considered in this analysis. Cluster average is
weighted average of individual store data based on surveys per store (2009).



Statistical Modeling

Mixed logit modeling was used to identify factors that helped explain the modes chosen by
respondents. Since there were only nine survey participants who bicycled to and from shopping
districts, the bicycle mode was not included in the main statistical model. Typically, 20 to 30
respondents need to choose an alternative in order to show significant results related to that mode
in a discrete choice model. Therefore, the model was based on the remaining 388 responses.

The main mixed logit model assumed that each customer n of the N = 388 respondents chose the
mode i of the I = 3 alternatives that maximized his or her utility. Each respondent was surveyed
at store g of the Q = 20 stores, so the model was also structured to capture similarities between
the modes chosen by individuals at each store. This multi-level data structure has been
developed previously for a mixed logit model (Bhat and Gossen 2004).

The utility of a respondent choosing each mode (i = 1, 2, 3) to travel to and from a particular
store was expressed in the following equations:

Uqln = a;+ ﬁquln + V1Vq1 t U12Mgn T Eq1n (D
Uq2n = a; + ﬂZXan +V2Vq2 + Ui12Mgn T Eq2n ()
Uq3n = az+ ﬁBXan +¥3Vg3 + €43n (3)

Where:

® ; are mode-specific constants.

® Xyin are column vectors of known variables (travel, socioeconomic, attitude, perception,
and shopping district variables). Certain variables are generic (e.g., used in the column
vectors for all modes), while other variables are mode-specific (e.g., only used in the
column vector for one mode).

e [ are row vectors of coefficients that quantify the relationship between each known
variable and the observed utility of choosing each mode i.

® V41, Vg2, and V43 are variables representing the unobserved correlated error between
people who used mode 1, 2, or 3 and took the survey at each of the 20 stores. These
variables are assumed to be distributed independently identically normal across stores but
constant across individuals who use the same store. It is possible that respondents at the
same store had similar preferences that are not captured by the known variables, so it is
important to control for this effect in the model.

e y; are coefficients that quantify the variance of the store-level error for each mode i.

® 1)4n 18 a variable that represents the unobserved correlated error between mode 1 and
mode 2. This accounts for potential interdependence between the choice of mode 1 and
mode 2. This variable is assumed to be distributed independently identically normal
across stores but constant across individuals who use the same store.

® L, is a parameter that quantifies the covariance of the error between modes 1 and 2.
This covariance parameter is analogous to a nesting coefficient in a nested logit model.
During the modeling process, covariance parameters were also estimated to test for
interdependence between modes 1 and 3 and between modes 2 and 3.

® &4in are unobserved error terms. These errors are assumed to be independently and
identically distributed type 1 extreme value across individuals.
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For the model with unobserved error between mode 1 and mode 2, the unconditional probability
of customer 7 selecting mode i to travel to and from store g was expressed as:

ePiXqintYivgithi2ngn

P ePiXqjntYjvqjthi2ngn d)(n‘I)f(vq)dnqdvq “4)

Is) )
gin = fv =—oof =—oovI
4 Mq ZjeCn=1

Where:

® The variables 14, V41, V42, and v43 are independent.

® v, is a vector of the variables v, V43, and vg3, such that f(v,)= Hf’zlf(vqi).

® ¢ is the standard normal density function (u=0, c=1).

* f(vg) = p(vy) p(vy) p(vs)

e (, is the set of mode choices out of (i = 1, 2, 3) available to individual n. Note that some
of the survey respondents did not have all three modes available. 121 (31%) lived in
locations where it would have been as far or further to walk to the closest bus stop than to

walk to the shopping district. One respondent lived on an island where walking was not
an option to travel to the mainland shopping district.

The unconditional likelihood function for the full sample of respondents is:

L=ﬁ .f f fﬁl f Iﬁ[”m‘rr(f|ffuJ|yw]¢(nq)drm

=1 vy =00 Vg2=—00 ¥ga=-c0 =1 =-ow | i=1

‘I’( Ur; 1 )¢( Uql)‘rb(vq.'t)d Ur; 1 dvq;!d "’qi!. (5)

Where:

® Qis the number of stores, where each specific store is designated by g = 1, 2, 3,..., 20.

® N, is the number of respondents in the dataset from store g, where each individual
respondent is designated by n =1, 2, 3...

¢ [is the number of modes considered in the analysis, where each specific mode is
designated by i =1, 2, 3.

®  Ygin is an indicator function that is 1 if person n at store g chooses mode i and 0
otherwise.

BIOGEME software was used to estimate the models (Bierlaire 2003). This software applied
simulation techniques to approximate the integrals in the likelihood function. The software
reported the parameter estimates of a, £, y, and u that maximized the logarithm of the likelihood
function.

5.7. MODELING PROCESS: MODE CHOSEN TO TRAVEL TO AND FROM
SHOPPING DISTRICTS

More than 70 explanatory variables were considered as factors that could potentially be
associated with traveling to and from the shopping district by walking, public transit, or
automobile. These variables were derived from responses to the intercept survey, aerial
photographs, Census data, and field observations. Descriptive statistics for several key
independent travel, socioeconomic, attitude, perception, and store area variables considered
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during the analysis are provided in Table 5.6. Dummy variables were included to account for
missing responses for some survey variables in the database during the modeling process.

A series of models was estimated using different combinations of these explanatory variables.
Each model included variables from all five categories. All 70 variables were tested in the first
few models, but certain variables emerged as having consistently high statistical associations
with mode choice during the process of estimating different models. Variables that showed
consistent statistical associations with mode choice were included in the final model.
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Table 5.6., Part 1. Variables Considered for Statistical Models:
Travel and Socioeconomic Factors

Travel Factors

Summary Statistics'

Variable Name Description Sample Size Mean|Std. Dev.| Minimum|Maximum
Auto Distance Estimated travel distance by automobile (km)2 388 6.130] 13.215 0.322| 132.743]
Auto Time Estimated travel time by automobile (Minutes)3 388| 11.728| 12.555 3.500{ 127.000
Auto Cost Estimated total automobile cost (DoIIars)4 388 2.728 6.435 0.027] 93.775]
Transit Time Estimated travel time by transit (Minutes)5 266| 39.026| 35.427 6.000] 299.000
Transit Cost Estimated cost by transit (Dollars)6 266 3.240 3.136 0.000[ 40.000
Walk Distance Estimated travel distance by walking (km)7 387 5.525| 12.203 0.322| 123.893|
Walk Time Estimated travel time by walking (Minutes)8 387| 64.473| 143.939 2.000[ 1534.000
Bike Distance Estimated travel distance by bicycling (km)9 247 6.943| 15.961 0.322| 140.466|
Bike Time Estimated travel time by bicycling (Minutes)™ 247| 25.881 56.382]  2.500| 477.000
Home to Store Distance Straight-line distance between home and survey store (km) 388 2.245 4.711 0.063| 45.733]
Total Tour Distance Actual tour distance in miles (km) 388 6.272| 12.862 0.364| 148.958|
Total Tour Distance <2 mi. Actual tour distance less than 2 mi. (3.2 km) (1 = Yes, 0 = No) 388 0.575 0.495 0.000 1.000
Number of Stops Total tour stops (including returning home) 388 3.320 1.402 2.000] 11.000]
Miles in Shopping District  |Travel distance between first and last stop in shop. dist. (km) 388 0.420 0.513 0.000 2.782]
Miles Per Stop in District Distance per stop within shopping district (km) 388 0.137| 0.148 0.000 0.756)
Single-Stop Tour Tour was to store and back home (1 =Yes, 0=No) 388 0.314 0.465 0.000 1.000,
No Bags Carrying O bags (1=VYes, 0=No) 388 0.168 0.374 0.000 1.000
2+ Bags Carrying 2 or more bags (1 =VYes, 0=No) 388 0.253 0.435 0.000 1.000
Shopping Alone Shopping alone (group size =1) (1=Yes, 0=No) 385 0.743 0.438 0.000 1.000,
Cool Temperature Temperature <60° F (<16° C) (1=Yes, 0=No) 388 0.064 0.246 0.000 1.000
Saturday Survey was on Saturday (1 =Yes, 0=No) 388 0.518 0.500 0.000 1.000,
Respondent Socioeconomic Factors Summary Statistics’
Variable Name Description Sample Size Mean|Std. Dev.| Minimum|Maximum
Female Female 388 0.559 0.497 0.000 1.000,
Spanish Speaker Survey completed in Spanish (1 =Yes, 0=No) 388 0.101 0.301 0.000 1.000]
Young Adult Young adult (age 18to 34) (1=Yes, 0=No) 388 0.320 0.467 0.000 1.000
Middle Age Middle-age adult (age 35-64) (1=Yes, 0=No) 388 0.513 0.500 0.000 1.000,
Senior Citizen Senior citizen (over age 64) (1=Yes, 0=No) 388 0.168 0.374 0.000 1.000]
Employed Employed (includes employed students) (1 =Yes, 0=No) 387 0.545 0.499 0.000 1.000]
Unemployed Unemployed (1=Yes, 0=No) 387 0.209 0.407, 0.000 1.000
Student Student (includes employed students) (1 =Yes, 0=No) 387 0.111 0.315 0.000 1.000,
Retired Retired (1=Yes, 0=No) 387 0.150 0.357 0.000 1.000
Homemaker Homemaker (1 =Yes, 0=No) 387 0.021 0.142 0.000 1.000]
No-Child Household Household with O children (1=Yes, 0=No) 388 0.639 0.481 0.000 1.000
Single Adult Household with a single adult (1 =Yes, 0=No) 388 0.255 0.437 0.000 1.000
Group House Household with 4 or more adults (1=Yes, 0=No) 388 0.129 0.335 0.000 1.000
Lower Income Household income less than $50,000 per year (1 = Yes, 0 = No) 347 0.542 0.499 0.000 1.000|
Higher Income Household income more than $100,000 per year (1= Yes, 0 = No) 347 0.205 0.404, 0.000 1.000]
Bus Pass Owns a monthly or annual bus pass (1 =Yes, 0=No) 384 0.193 0.395 0.000 1.000
Disability Has a disability (self-reported) (1 =Yes, 0=No) 388 0.147 0.354 0.000 1.000]
No-Car Household 0 motor vehicles in household (1 =Yes, 0=No) 387 0.191 0.394 0.000 1.000
Multi-Car Household 2 or more motor vehicles in household (1=Yes, 0=No) 387 0.491 0.501 0.000 1.000]
Number of Bicycles Number of bicycles in household 388 1.585 2.542 0.000[ 30.000
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Table 5.6., Part 2. Variables Considered for Statistical Models:
Attitude & Perception and Shopping District Factors

Respondent Attitude & Perception Factors

Summary Statistics"

Variable Name Description Sample Size Mean| Std. Dev.| Minimum | Maximum
Enjoy Walking Respondent enjoys walking (1= Yes, 0=No)" 388 0.892] 0311 0000 1.000
Enjoy Bicycling Respondent enjoys bicycling (1=Yes, 0= No)11 383 0.624 0.485 0.000 1.000
General Walk Crash Risk Perceive walking to be risky (in general) (1 = Yes, 0 = No)'* 388 0.291 0.455 0.000 1.000
General Bike Crash Risk Perceive bicycling to be risky (in general) (1 = Yes, 0 = No)"* 383 0.559 0.497 0.000 1.000,
Negative Walk Culture People in nbhd. have neg. view of walking (1 = Yes, 0 = No)"" 371 0.127| 0.333 0.000| 1.000]
Negative Bike Culture People in nbhd. have neg. view of bicycling (1=Yes, 0= No)11 366 0.180 0.385 0.000 1.000|
Nbhd. Walk Crime Risk Perceieve high crime risk if walking in shop. dist. during day (1= Yes, 0 =No)'* 386 0.106) 0.309 0.000] 1.000
Nbhd. Bike Crime Risk Perceieve high crime risk if bicycling in shop. dist. during day (1 =Yes, 0=No)"* 362 0.086 0.280 0.000 1.000
Nbhd. Walk Crash Risk Perceieve high crash risk if walking in shop. dist. during day (1= Yes, 0= No)** 383 0.138] 0.346 0.000] 1.000
Nbhd. Bike Crash Risk Perceieve high crash risk if bicycling in shop. dist. during day (1= Yes, 0= No)** 358 0.288 0.453 0.000 1.000
Shopping District Factors Summary Statistics"
Variable Name Description Sample Size Mean| Std. Dev.| Minimum| Maximum
Population Density Total population living within 0.1 mi. (161 m) of store (00s)" 388] 3.955] 2.996| 0.566| 12.226
Employment Density Total number of jobs within 0.5 mi. (804 m) (000s) 388| 13.618| 34.064 0.195( 145.200)
Commercial Density Total number of commercial properties within 0.25 mi. (402 m)" 388| 64.265| 66.010 6.000| 272.000
Median Income Median annual household income within 0.5 mi. (804 m) (S) 388 57990 19659 28243 93413
Percent White Proportion of population living within 0.5 mi. (804 m) that is White 388 0.510 0.224 0.101 0.898
Sidewalk Coverage Proportion sidewalk coverage on multilane roadways14 388 0.913 0.112 0.536 1.000
Slope Average percent slope along multilane roadways15 388 2.617 4.166 0.622| 22.093
Bike Facility Density Miles of bicycle facilities within 0.5 mi. (804 m)* 388] 1.631] 1.726| 0.000| 6.330
Intersection Density Number of street intersections within 0.5 mi. (804 m) 388| 117.858| 31.117| 56.000| 174.000
Tree Canopy Coverage Estimated % of street ROW covered by tree canopy within 0.5 mi. (804 m)*’ 388 6.469 3.586 1.594| 18.144
Spanish-Speaking % of households with adults who only speak Spanish within 0.1 mi. (161 m) 388 0.063 0.064 0.000| 0.212
Asian-Speaking % of households with adults who only speak an Asian language within 0.1 mi. (161 m) 388 0.060| 0.069 0.003 0.272
Road Width Adjacent roadway curb-to-curb width (m)"® 388 21.367| 6.073| 11.583] 32.501
Road Street Parking On-street parking coverage on adjacent roadwaym‘19 388 0.621 0.394 0.000 1.000
Road Lanes Average adjacent roadway number of travel lanes™®?° 388 3.886 1.203 2.000, 5.997
Road AADT Traffic volume (AADT) on roadway adjacent to store 388 21631 10596 9771 50500
Road Speed Limit Average posted speed limit along adjacent roadway (MPH)"® 388| 29.220 4970 25.000[ 37.500|
Road Setback Average building setback along adjacent roadway (m)m'21 388 7.575 8.160 0.000] 25.709
Crossroad Crossing Distance |Average crossroad pedestrian crossing distance (m)m’22 388| 12.584 3.261 6.668| 20.079
Store Square Meters Gross area of store building (square meters) 388 1168 454 493 2338
Drive-Through Window Store has a drive-through window (1=Yes, 0= No) 388 0.273 0.446 0.000| 1.000
Store Parking Spaces Spaces in the store parking lot (includes shared parking) (00s) 388 1.085 1.308 0.000 4.420
Store Bike Parking Bicycle parking spaces on store property 388 2.479 3.607 0.000] 12.000
Pay Parking on Road Presence of pay parking within 0.1 mi. (161 m) (1 = Yes, 0 = No)* 383  0.505 0.501 0.000 1.000,
Setback Distance Distance from store door to public sidewalk (m)24 388| 14.474] 20.811 1.000] 90.000|
Distance to Train Distance from store to closest train station (km)* 388 1.662 2.779 0.141] 12.781
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Table 5.6., Part 3. Variables Considered for Statistical Models: Footnotes

1) Non-responses were removed. This is reflected in the sample size foreach variable.

2) Tour distance by automobile represents the estimated distance that the customer would need to travel by automobile from
home to the first stop in the shopping district and from the laststop in the shopping district to return home. It represents the
shortest time route selected by Google Maps directions.

3) Tour travel time by automobile represents the estimated total time that the customer would need to travel by automobile from
home to the first stop in the shopping district and from the laststop in the shopping district to return home. Assumptions used to
calculate respondent travel times are provided in Appendix K.

4) The total automobile cost represents the sum of the expected out-of-pocket gas, parking, toll, and/or taxi costs paid by a
respondentdriving to the shopping district. Assumptions used to calculate respondent travel costs are provided in Appendix K.
5) Tour travel time by publictransit represents the total time that the customer would need to travel by transit from home to the
first stop in the shopping district and from the laststop in the shopping district to return home. Assumptions used to calculate
respondent travel times are provided in Appendix K.

6) Tour travel cost by publictransit represents the total out-of-pocket fare that the customer would need to travel by transit from
home to the first stop in the shopping district and from the laststop in the shopping district to return home (unless the customer
has a pre-paid transit pass). Assumptions used to calculate respondent travel costs are provided in AppendixK.

7) Tour distance by walking represents the distance thatthe customer would need to travel by walking from home to the first stop
in the shopping district and from the last stop in the shopping district to return home. It represents the shortest time route
selected by Google Maps directions.

8) Tour travel time by walking represents the total time that the customer would need to travel by walking from home to the first
stop in the shopping district and from the laststop in the shopping district to return home. Assumptions used to calculate
respondent travel times are provided in Appendix K.

9) Tour distance by bicycling represents the distance thatthe customer would need to travel by bicycling from home to the first
stop in the shopping district and from the laststop in the shopping district to return home. Itrepresents the top route suggested
by Google Maps directions.

10) Tour travel time by bicycling represents the total time thatthe customer would need to travel by bicycling from home to the first
stop in the shopping district and from the last stop in the shopping district to return home. Itrepresents the top route suggested
by Google Maps directions. Assumptions used to calculate respondent travel times are provided in Appendix K.

11) Agreement with the statementincluded two of the five categories on a 5-point Likertscale (e.g., "Agree" or "Strongly Agree").
12) Total population within 0.1 mi. (161 m) is calculated from 2000 census block group data. The calculation of population only
included portions of census block groups within the 0.1-mi. (161-m) radius of the store.

13) Commercial retail/entertainment properties are defined by the four county assessor's offices. These commercial land uses
include commercial, entertainment, store, service, tourism, store on first floor with other above, department store, single-story
store, restaurant, post office, bank, supermarket, food store, lodge hall, car wash, gas station, auto dealer, movie theater, bowling
alley, winery, stadium, commercial mix, and commercial building. This category does notinclude commercial office buildings.
Note that one building structure could include multiple commercial properties.

14) Sidewalk coverage is calculated on multilane roadways within 0.5 mi. (804 m) of the store. The calculation assumes that
complete coverage is continuous sidewalks on both sides of the street. Therefore, if a street has sidewalks on both sides, it has
100% sidewalk coverage. If a street has a complete sidewalk on one side, but no sidewalk on the other, it has 50% coverage.

15) Percent slope is calculated on multilane roadways within 05 mi. (804 m) of the store. Itis calculated as the change in
elevation between the two segment endpoints (intersections) divided by the length of the street segment.

16) Bicycle facilities include bicycle lanes, shared lane markings, bicycle boulevards, and multi-use trails. They do notinclude
streets that only have bicycle route signs. Bicycle facility miles were calculated using the same methodology as automobile lane
miles. If bicycle lanes orshared lane markings are on both sides of a one-km-long street segment, this represents two km of
bicycle facilities (this avoids the problem of misrepresenting one-way bicycle facilities on one-way streets). Bicycle boulevards
and multi-use trails are two-way facilities, so one-km of centerline counts as two km of bicycle facilities.

17) Average percent tree coverage is an average of the percent tree coverage on each multilane street segment within 0.5 mi. (804
m) of the store. Tree coverage is an estimate of the total publicright-of-waysurface area (edge-of-sidewalk to edge-of-sidewalk)
covered by tree canopy.

18) Adjacent roadway variables are measured within a 0.5-mi. (804 m) corridor (0.25 mi. (402 m) in either direction) along the
commercial roadway adjacent to the store. Speed limitis posted in miles per hour (MPH), so itis reported using this measure.
Note that 10 MPH = 16.1 KPH.

19) Ablock is considered to have on-street parking if on-street parking is legal (i.e., parked cars do not need to be present). Each
side of the streetis considered separately (e.g., on-street parking on both sides = 100% coverage; on-street parking on one side =
50% coverage).

20) Travel lanes include all general purpose through-lanes in both directions. The number of through-lanes does notinclude left-
orright-turn lanes, two-way center turn lanes, bicycle lanes, shoulders, or otherauxilarylanes. In addition, it does notinclude
lanes that end within the segment.

21) Average setback is a rough estimate of the average distance between the sidewalk or roadway edge and the front of each
building. If a road segment does not have buildings (e.g., overpass, underpass, etc.), itis not considered in the average setback
measurement.

22) Crossroad street crossing distance represents the width of the roadway intersecting the mainline commercial roadway. The
distance is measured in the direction of commercial street. Intersection crossings are considered in this measurement, but
riveway crossings are not.

23) Presence of pay parking within 0.1 mi. (161 m) was noted using Google Street View.

24) Distance from store door to public sidewalk was measured as the most direct path from the door to the sidewalk that did not
involve crossing fences orlandscaping. Measurementwas done using the Google Earth measuring tool. Building doors were
located using Google Street View.

25) Distance from store to closest Bay Area Rapid Transit or other train station was measured as the straight-line distance from the
store centroid to the train station centroid. Measurementwas done in GIS.
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Correlation between Predictive Variables

Some of the predictive variables considered during the modeling process were correlated,
especially those describing shopping district characteristics. In general, variables with high
correlations (p > 0.5 or p < -0.5) were not included in the same model. However, the moderately
correlated transit travel time and transit travel cost variables (p = 0.58) were included in the same
model because of the theoretical importance of both time and cost in mode choice decisions. In
addition, the distance traveled within the shopping district and total number of stops made on the
respondent’s tour were also correlated (p = 0.77). These were included in the same model in an
attempt to capture differences in mode choice between people who traveled to a few stops spread
throughout the shopping district versus many stops concentrated in one part of the shopping
district.

Mode-Specific Parameters

Parameters estimated in the model represented the contribution of their corresponding variables
to the relative utility of using a specific mode. A parameter that was only included in one mode
utility function showed the value of that mode relative to all other modes combined (e.g.,
automobile versus non-automobile modes). Parameters that were in two of the three mode utility
functions indicated the unique contributions of each of the two variables relative to the third
(base) mode. The models were initially tested using a single parameter for each variable. This
initial parameter was placed by default in the utility equation for automobile, unless the variable
was assumed to be related to a different mode (e.g., the “Enjoy Walking” parameter was placed
in the walk mode utility function). Fourteen variables were tested to see if the model log
likelihood would be significantly higher if they had one parameter in a single mode utility
equation or had separate parameters in two or more mode utility equations. Likelihood ratio tests
showed that only two of these variables (perception of pedestrian crash risk within the shopping
district and population density near the survey store) improved the model significantly when they
were tested with separate parameters in two mode utility equations.

Model Significance

The final mixed logit model included 27 parameters corresponding with 22 variables and a
constant (the dummy variable accounting for unreported income is not shown in the table).
Overall, the model log-likelihood (-154) was relatively high compared with the log-likelihood
value for no model (-376) and the log-likelihood value of a model with only constants (-292). Its
adjusted rho-squared value was 0.518 (Table 5.7). The model predicted the mode chosen by 322
(83%) of the 388 survey participants correctly.

Parameter estimates were provided for theoretically-important variables with p-values < 0.30.
However, parameters were considered to be highly significant for p < 0.01, significant for

0.01 < p <0.05, and moderately significant for 0.05 < p < 0.10. Parameters with 0.10 < p < 0.20
were not considered to be statistically significant but were interpreted as indicating a slight
association between the explanatory variable and mode choice. Parameter estimates with

p <0.10 are highlighted in Table 5.7. Nearly all of the variables in the final model showed some
association with survey respondent mode choice.
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Table 5.7., Part 1. Factors Associated with Mode of Travel to and from the Shopping

District
Mixed logit model for survey respondents traveling to and from shopping district’
Tour Mode’
Walk Public Transit Automobile
Variab|93 Parameter Est.* p-value | Parameter Est. ¢ p-value | Parameter Est. ¢ p-value
Constant -3.68 0.00 -3.67 0.01] 0.00 Fixed
Travel time (min.) (constrained across modes)s’6 -0.0766 0.00 -0.0766 0.00, -0.0766 0.00,
% Out-of-pocket cost (S)G -0.498 0.00 -0.319 0.00
E Distance Traveled within Shopping District (km)7 0.88 0.16)
g Number of Tour Stops -0.632 0.01]
£ |NoBags -0.745 0.11
Shopping Alone -0.431 0.29
o Spanish Speaker -0.833 0.13
£ [student -1.25]  0.03
S Group House -1.07 0.04
'§ Lower Household Income (< $50,000/yr)8’9 -1.07 0.01]
“ | Disability 0730] 0.14
Attitude/ |Enjoy Walking 0.789 0.15
Perception | percejve Shopping District Walk Crash Risk 1.27 0.02 2.84 0.00
k] Employment within 0.5 mi. (804 m) of store (000s) -0.0342 0.00
g Population within 0.1 mi. (161 m) of store (00s) 0.158 0.10 0.255 0.04
'é" Multilane Road Tree Canopy within 0.5 mi. (804 m) (%) 0.163 0.02]
§ Survey Store Parking Spaces (OOS)10 0.700 0.00
@ Meters to Train Station (000s) -0.790 0.03
Panel Variables"'
Variable Parameter Est.* p-value
_ Store Panel (Walk) 0.0101 0.98
£ [store Panel (Transit) 0.00444 0.99
Store Panel (Auto) 0.530 0.05)
Overall Model
Sample Size (N) 388
Log-Likelihood (0) -376
Log-Likelihood (Constant)12 -292
Log-Likelihood (Restricted Model)13 -180
Log-Likelihood (Full Model) -154
Adjusted Rho-Squared Value 0.518
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Table 5.7., Part 2. Factors Associated with Mode of Travel to and from the Shopping
District: Footnotes

1) The dependentvariable in the model is the primary (greatest distance) mode of transportation used to travel to
and from the retail pharmacy store area for tours that had all non-home stops within 0.5 mi. (804 m) of the retail
pharmacy store. The mode used for the 388 survey respondents was: Automobile = 192 (49.5%), Walk = 167 (43.0%),
Transit =29 (7.5%). 9 respondents who traveled by bicycle were removed from this model analysis. Parameter
estimates were generated after 1,000 draws. They were varified as stable from 500 to 1,000 draws.

2) The automobile mode includes driving and riding as a passengerin a motorized vehicle otherthan a public bus or
train (taxi is included within automobile mode). The walk mode includes all pedestrians, including people on foot,
in wheelchairs, and using other assistive devices. The publictransit mode includes bus, regional rail, light rail,
commuter train, other train, and paratransit.

3) Several othervariables were expected to have significant associations with respondent mode choice and were
tested during the modeling process. These variables were taking the survey on Saturday, being female, livingin a no-
child household, being able to change modes easily, perceiving negative bicycle culture, perceiving a risk of crime
when walking in the shopping district, number of commercial properties within 0.25 mi. (402 m) of the survey store,
slope of multilane roads in the shopping district, number of intersections in the shopping district, and drive-through
pharmacy window at the survey store. However, their parameter estimates were imprecise (p > 0.30) and had
minimal influence on other parameters, so they were notincluded in the final model.

4) Parameter estimates represent coefficients in the utility function for choosing each transportation mode. The
base mode for each variable is the mode with no parameter estimate.

5) Travel time was estimated as a generic parameter that was the same for all modes.

6) Out-of-pocket cost and travel time parameters were used to calculate the value of time at $9.23/hr. for transitand
$14.41/hr. for automobile.

7) Travel distance within the shopping districtis the distance the respondent traveled between his or herfirst stop
within 0.5 mi. (804 m) of the retail pharmacystore and his or her final stop within 0.5 mi. (804 m) of the retail
pharmacy store in miles.

8) 41 of the 388 respondents did not report theirincome category, so a dummyvariable was estimated to account for
missing values. The parameter forvariable was included in the automobile utilityequation, and it had a parameter
estimate of 0.251 and p-value of 0.66.

9) The low household income variable was positively correlated with not owning an automobile. Avariable
representing respondents with no household automobiles was tested in place of the low income variable, butits
parameter estimate was less precise and the overall model fit was notas good.

10) Survey store automoible parking spaces include all spaces in the entire parking lotifitis shared with other
stores.

11) The store panel parameters capture the correlated error between respondents who were surveyed at the same
store. Approximately 50 customers were surveyed at each store (and approximately 20 respondents at each store
were used in this analysis), so theyshare identical shopping district variables and may have similar socioeconomic
or attitude characteristics.

12) Log-likelihood (constant) is the log-likelihood of a constsnts-only model thatincludes the panel variables.

13) Log-likelihood (restricted model) is the log-likelihood of a model without the attitude & perception and shopping
district variables.
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An innovative aspect of the model is that it included two categories of variables that can be
influenced through planning practice. One of these categories represented customer attitudes
towards walking and perceptions of pedestrian crash risk near the retail pharmacy store.
Planners can establish education, encouragement, and enforcement programs as well as
implement traffic calming improvements to help residents become more interested in and feel
more comfortable walking. They can also collaborate with other organizations to reduce crime
and crash risk in specific neighborhoods. The second category of planning-related variables
represented characteristics of the shopping district. Important factors such as employment
density, population density, and transit station proximity can be influenced by long-range land
use and pedestrian and transit plans, roadway design guidelines, and site development and
transportation project review.

A likelihood ratio test was used to determine if the seven planning-related variables added
explanatory power to the model. The restricted version of the model that included only the
variables in the travel and socioeconomic categories had 18 parameters and a log-likelihood of
-180. This produced a likelihood ratio test statistic of 2 * (-154.4 — (-179.6)) = 50.3. This test
statistic was compared to the value of a Chi-Squared distribution with 27 — 18 =9 degrees of
freedom, which is 21.7 for p = 0.01. Since 50.3 is greater than 21.7, the null hypothesis that the
additional variables did not contribute to the model was rejected (with 99% confidence).
Therefore, after controlling for travel and socioeconomic factors, it was valuable for the model to
include attitude and perception and shopping district variables that can be influenced through
planning practice.

5.8. RESULTS: MODE CHOSEN TO TRAVEL TO AND FROM SHOPPING
DISTRICTS

This section describes the results of the main mixed logit model, which identified factors
associated with choosing between walking, taking transit, and using an automobile to travel to
and from the 20 shopping districts. These findings are based on data from survey respondents
who used these three modes (N = 388). Results related to specific variables are presented in the
order that they are listed in the final model (Table 5.7). While bicycling was not represented in
the statistical model, several sections of text below also discuss factors that may be associated
with bicycling. These results were generated from the dataset that included the nine additional
respondents who bicycled to and from a shopping district (N = 397) and from follow-up
interviews.

Travel Characteristics

The mixed logit model results showed that several travel characteristics were associated with the
mode chosen to travel to and from the shopping district. Most of these variables were consistent
with previous travel behavior research.

Travel Time

Estimated door-to-door travel time was a significant variable across all three modes, indicating
that longer travel times reduced the utility of each mode. Walking was typically the slowest
mode, so it took the greatest amount of time to cover the distance to the shopping district and
back home. Walking travel time calculations assumed an average speed of 3.23 miles per hour
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(5.20 kilometers per hour), which accounted for hills but did not assume any differences in
walking pace by age or gender. This speed is in a similar range as previous walking speed
studies (Knoblauch, Pietrucha, and Nitzburg 1995; Milazzo et al. 1999). The walk travel time
for each trip was calculated separately and summed to calculate the overall tour walk travel time.
The difference in the utility of walking versus taking public transit and automobile increased as
the distance between the respondent’s home and the shopping district increased (i.e., it took
much longer to walk than to use other modes to travel greater distances to the shopping district,
so respondents who traveled further to the district were less likely to walk) (Figure 5.1). In
contrast, the utility of automobile did not decrease as quickly as other modes at greater distances
because it was generally the fastest mode. Interview responses highlighted the advantage of
walking in urban neighborhoods with high accessibility to activity locations and difficulty of
walking and advantage of driving in neighborhoods with more dispersed activities (Figure 5.2).
Travel time calculations and assumptions are described in Appendix K.

Figure 5.1. Pedestrian Mode Share by Distance to and from Shopping District (N=397)

100%

90%

Median distance to and
from shopping district:
80% Walk = 0.74 miles ——

Bicycle = 1.85 miles
70% Transit=4.44 miles |
Auto = 2.38 miles
60% All Modes = 1.44 miles |
50%
40%
30%
20%
10%
0% T T T T

0.0to 0.5 0.5t0 1.0 1.0to 1.5 1.5t02.0 2.0to 25 2.5t03.0 >3.0
Sum of Travel Distance to and from Shopping District (Miles)

Percent of Tours in each Distance Category Made by Walking

Note: A hollow bar is used to represent >3.0 miles because it does not cover the same distance range as the other categories.
1 mile = 1.61 kilometers

While automobiles traveled faster than other modes, they did not always have the shortest
estimated door-to-door travel time. For very short tour distances (generally less than 0.25 miles
(402 m)) between the respondent’s home and the retail pharmacy store, walking took as much or
less time than driving (Figure 5.3). In Urban Core shopping districts, the estimated time required
to find a parking spot and walk from a parked car to the door of a store often made walking for
short and moderate distances more practical than driving.
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Bicycling had the lowest estimated travel time for 141 (36%) of the 397 respondents, including
83% of the respondents who traveled a total of less than 1.0 miles (1.6 km) to and from the
shopping district (Figure 5.4)>. This is consistent with previous research on bicycle travel using
GPS units in Portland, OR that found the difference between bicycle and automobile travel time
to be less than five minutes for half of trips that were three miles (4.8 km) or less (Dill and
Gliebe 2008).

% The estimated bicycle travel time was equal the walking travel time for two of the twelve tours that were less than 0.25 miles
(402 m).
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Figure 5.2. Interviewee Quotes about Accessibility to Activities by Walking and Bicycling

"Where I previously lived in a more-
commerdal area, I did walk to the
stores or just take in a walk, or to

San Francisco ;
the movie, or whatever else. But

. -Female, Age 50-59, Berkeley
alking distarice from my . _

"I just thought it would be silly to drive
. because it was only a couple of blocks."
--Male, Age 30, Burlingame
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I live, and I walk there. But there

&n't too much closeby. ™

--Female, Age 52, South San Francisco
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The main issue is any other place I
want to go [T can only use my car.]"
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4 to 5 miles away; and I wouldn't
think about walking or bicydling. "
--Female, Age 40-49, Pleasanton

“Pegple travel...the best way to reach

from point A to point 8, which is a car
_in this part of the world...If it's more than
' [a mile or twao], you're not going to walk,

you're not going to cycle, you're going

to take the car and go.”

--Male, Age 40-49, Fremont

Base data layers provided by: 1) US Census (2000) n wg:are (map b:‘m::e“ sponds 2000 Census Block Groups
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Water

Note: I mile = 1.61 kilometers
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Figure 5.3. Distance to and from Shopping District where Walking had Lower Estimated

Travel Time than Automobile
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Figure 5.4. Distance to and from Shopping District where Bicycling had Lowest Estimated
Travel Time of All Modes
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The bicycle travel time calculations assumed a modest overall average travel speed of 10.3 miles
per hour (16.6 kilometers per hour), which accounted for hills and included times when the
bicycle was stopped but did not assume any differences in bicycling pace by age or gender. For
comparison, the Portland, OR GPS study found a median bicycle travel speed of 10.8 miles per
hour (17.4 kilometers per hour) for all trips and 9.6 miles per hour (15.4 kilometers per hour) for
shopping trips, including times when the bicycle was stopped (Dill and Gliebe 2008). The
bicycle travel time for each trip was calculated separately and summed to calculate the overall
tour bicycle travel time. While bicycling had the lowest estimated travel time among all modes
for 141 (36%) of the respondents, only 9 (2%) of the respondents actually bicycled to the
shopping district. This suggests that there are other barriers that may prevent bicycling, such as
not owning a bicycle, physical ability to ride a bicycle, the need to carry packages, traveling with
others who may not bicycle, or concerns about traffic safety.

According to interview participants, these barriers are significant:

e “Iwouldn’t mind having a bike, but there’s so many cars in the City, and people are
getting hit all the time...there's kind of a safety factor...My work is actually close enough
that I could bike, but...there’s so much traffic and cars, I think it would be scarier than
driving.” --Male, Age 30, San Francisco Fillmore Street

e “So that for me is my personal barrier, too...is that I don’t want to go on really traffic-
heavy streets with my bicycling skills because I would be concerned for my safety.”
--Female, Age 30-39, Daly City

e “[usually take things with me in my car to work back and forth--laptop and stuff like
that--which makes it a little bit tougher to ride my bike.”

--Female, Age 50-59, San Carlos

e “[ gotabad leg, so I think my bicycling days are over...plus I'm kind of short-winded.”
--Male, Age 57, Oakland

* “We only have one bike in the house, so when I have friends in town, walking, BART,
and bus are the only options.” --Male, Age 30-39, San Francisco Mission Street

However, if these barriers can be eliminated, there may be potential to increase bicycle use for
routine, short-distance tours.

Travel Cost

Estimated out-of-pocket travel cost was evaluated for both public transit and automobile modes,
and it showed that customers were less likely to use these modes when they were more
expensive. Travel cost calculations and assumptions are provided in Appendix K. The value of
time calculated from the model for transit users was $9.23 per hour and automobile drivers was
$14.41 per hour. This is in the same range as the value of time calculated from the 1990 Bay
Area Travel Survey, which was $15.96 per hour for work trips and $10.88 per hour for shopping
trips (adjusted to 2009 dollars) (Purvis 1997).

These results also suggest that tours with a higher cost for driving are more likely to be done by
other modes. For example, shopping districts with metered on-street parking had a greater
portion of survey respondents who walked, bicycled, and took transit to the store than without
pay parking (Figure 5.5). According to interviewees:
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e “Parking prices have a lot to do with why I bike up to Downtown Berkeley. You know,
it’s like, I don’t want to pay that much money to park somewhere.”
--Female, Age 50-59, Berkeley

* “I’'m not willing to pay two dollars for 15 minutes [for parking in San Francisco]...so I
will definitely end up driving around more to go to...less expensive parking meter
situations, if I know there are certain blocks in that neighborhood that don’t have parking
meters, I'll try to go find a spot there.” --Female, Age 30-39, Daly City

e “San Francisco is insane...just using meters in San Francisco...not everywhere, but down
near the Ferry Building and down on the Embarcadero area...it’s like a dime for two
minutes. | just don't do it too often. The meters in San Francisco definitely affect my
decisions in what I'm doing...driving and parking.”
--Female, Age 52, South San Francisco

Figure 5.5. Mode Share to Shopping Districts by Presence of Metered Parking

Mode Share on Tours to Shopping Districts Mode Share on Tours to Shopping Districts
with Metered On-Street Parking (N = 201) without Metered On-Street Parking (N = 196)

26.0%

57.7%

2.0%

W Pedestrian 4.1% B Pedestrian
M Bicycle
B Transit

I Automobile

@ Bicycle 67.9%
B Transit
@ Automobile

However, this relationship may not only reflect a higher cost of driving. Many of the shopping
districts with metered on-street parking may have had a large portion of people walking and
bicycling regardless of the price of parking because these districts tended to have limited parking
and short, walkable and bikable distances between stores. Shopping districts with a mix of
characteristics that make walking and bicycling more convenient and driving less convenient are
more likely to attract customers using non-automobile modes.

Travel Distance within Shopping District

The distance that the survey respondent traveled within the shopping district had a slight positive
association with traveling by automobile to and from the shopping district. This variable
indicated that even if a person lives close to a shopping district, they may choose to drive rather
than walk or take transit to the district if they need to travel far between stops within the one-
mile diameter area.

Number of Tour Stops

Respondents who made more stops on their tour were more likely to have walked or taken transit
than traveled by automobile to the shopping district. Previous research suggested that the
number of tour stops was negatively associated with walking (Jonnalagada et al. 2001) and
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transit (Hensher and Reyes 2000). However, when viewed in combination with the travel
distance within shopping district variable, the negative association between the number of tour
stops and choosing automobile suggested that walking and transit could be viable modes if many
stores were clustered together geographically within a shopping district (Figure 5.6)°. Urban
Core and Suburban Main Street shopping districts, which tended to have stores clustered closely
together, had an average pedestrian mode share greater than 50% and transit mode share greater
than 10%, while Suburban Thoroughfare and Suburban Shopping Center shopping districts had
an average pedestrian mode share less than 20% and transit mode share less than 2% (Table 5.5).

Figure 5.6. Mode Share to Shopping Districts by Concentration of Commercial Properties

Mode Share on Tours to Shopping Districts that have Mode Share on Tours to Shopping Districts that
>=50 Commercial Properties within 0.25 mi. (402 m) have <50 Commercial Properties within 0.25 mi.
of Retail Pharmacy Store (N = 194) (402 m) of Retail Pharmacy Store (N = 203)
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Number of Bags

Carrying bags on a tour had a slight positive association with driving to and from the shopping
district. For example, respondents who purchased several bags of merchandise at the retail
pharmacy store or stopped at the store after shopping for groceries or other goods may have
driven an automobile to the shopping district so that they could carry these items. Many people
who were interviewed cited the need to carry bags as a reason to drive rather than walk, bicycle,
or take transit:

e “IfI go for groceries, I almost drive there all the time...I have a grocery store pretty close.
But generally...I'll walk there and buy maybe a few things, but not like a whole bunch of
stuff.” --Male, Age 30, San Francisco Fillmore Street

e  “[could walk, but I couldn’t buy as many groceries and walk back home if I do.”
--Female, Age 60-69, San Carlos

® “Ido a major shopping about once a week...I do take the car for that because I can't carry
everything.” --Female, Age 60-69, San Francisco Taraval Street

Shopping Alone

The model did not show a statistically-significant relationship between shopping alone and mode
choice. However, the negative parameter for shopping alone in the automobile utility function
suggested that people who walk and use transit are more likely to choose these modes when
traveling alone. The choice of automobile was more attractive when several people were

3 A variable representing the travel distance per stop within the shopping district was also tested in the model, but it was not
statistically significant.
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traveling together. This may reflect the unattractiveness of coordinating walking among people
with different walking speeds and capabilities or the social value of being able to talk
comfortably within the same automobile rather than on a crowded public transit vehicle.
According to interview participants:

e “Itake care of my mom, and I can’t be away very long. And I usually take her with
me... We can get down to the train; we can use the bus, but it involves more and more
time, and we would be not able in an emergency to get somewhere quickly.”

--Female, Age 52, South San Francisco

¢  “I’'m not going to spend $50 paying for BART tickets...four of us coming to the City
would be about $50. A car ride is more convenient, more flexible than trying to take the
bus.” --Male, Age 40-49, Fremont

e “If I'm bringing more people, like picking up someone. Those get in the way of walking
or bicycling.” --Female, Age 50-59, Berkeley

Socioeconomic Characteristics

A variety of socioeconomic characteristics were associated with mode choice to and from the
shopping district. These characteristics included taking the survey in Spanish, being a student,
living in a group house, having a lower household income, and having a disability.

Spanish Language

Respondents who took the survey in Spanish had a slightly higher likelihood of walking and
taking transit to and from the shopping district than using an automobile. This could reflect
Spanish-speakers having a more positive cultural attitude toward walking and public
transportation. It could also be a reflection of the high number of Spanish surveys administered
in pedestrian-friendly shopping districts. However, the shopping districts with the highest
percentage of Spanish surveys were Oakland, Concord, and El Cerrito, and Mission Street. Of
these areas, Mission Street and Oakland were more pedestrian-friendly Urban Core and
Suburban Main Street shopping districts with 67% and 43% pedestrian mode shares,
respectively. In contrast, Concord and El Cerrito were automobile-oriented Suburban
Thoroughfare shopping districts with 40% and 25% pedestrian mode shares, respectively. So it
is unlikely that the high prevalence of walking among Spanish speakers was due only to the
character of neighborhoods where they shopped. Spanish speakers also typically owned fewer
automobiles than other respondents, but the model already controlled for the influence of
automobile ownership through the income variable.

Student Status

Being a student had a statistically-significant association with choosing to walk or take transit to
the shopping district. It is possible that students view walking as a routine travel mode because
they often walk to and from classes and between classes, so they may be more likely than
habitual drivers to consider walking for other travel purposes. Similarly, students may be more
familiar and comfortable with using transit because they are more likely to utilize student transit
passes and campuses often have limited automobile parking and frequent transit service. Finally,
it is possible that students have fewer time constraints in their daily schedules, so they may have
the extra time and flexibility that is associated with walking or taking transit to run errands.
Students also tended to own fewer automobiles than other survey respondents, but this was
controlled by including the income variable in the model.
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Group House
The variable representing people living in a shared house with four or more adults was

significantly associated with a higher likelihood of walking and taking transit. This may reflect
that people living in group houses may be sharing automobiles, so they are less likely to have
access to a motor vehicle. It could also reflect shared values between people living together.
People living in group houses may have more environmentally-supportive values, so they may
choose to walk or take transit rather than drive. There may also be some degree of social
pressure within a group house to travel sustainably. However, group values may be different in
some households, such as peer pressure that reinforces automobile driving habits. More research
is needed to explore the social influence of housemates on mode choice.

Lower Household Income

Respondents with annual household incomes of less than $50,000 were significantly less likely
to use an automobile than walk or take transit to and from the shopping district. People with
lower household incomes were less likely to own automobiles due to high purchase, insurance,
and maintenance costs. Of respondents who just traveled to and from the shopping district, 29%
(54 of 192) with lower household incomes did not have an automobile and only 8% (6 of 72)
with higher household incomes (greater than $100,000 per year) did not have an automobile.
Therefore, lower household income may be a proxy for automobile ownership in the model. The
role of automobile ownership in determining automobile use has been noted by Van Acker and
Witlox (2010).

People with lower incomes may also be less likely to use automobiles that they owned in order to
reduce gas and parking costs. Some interviewees were sensitive to automobile costs:

e “Sometimes, you know, errands come up and you are like, ‘I’ll just go’, but when the gas
prices were high, ‘let’s try to get as much bang for our buck as we can’ and kind of get
everything localized so that we weren’t wasting gas.” --Female, Age 30-39, Daly City

e “[Paying for gas] is kind of hard being on fixed income. So I mostly just get on the bus.”
--Male, Age 57, Oakland

*  “With the amount of gas, tolls, wear and tear driving by myself...I’'m saving about 30
dollars a month...that’s not bad.” --Female, Age 50-59, Hayward

However, the lower-income variable could also reflect social acceptability of walking and taking
transit for people of different income classes. People who have lower incomes may be more
experienced walking and taking public transit and feel that it is more socially-acceptable use
these modes than those with higher incomes. On the other hand, people who have higher
incomes may have greater environmental-consciousness, so they could have a preference for
walking or taking public transit. These nuances suggest that further study is needed to clarify
whether household income is related to mode choice through automobile ownership, social and
cultural values, or other factors.

Physical Disabilities

As expected, people with physical disabilities were more likely to take an automobile to and
from the shopping district. While this variable showed only a slight association with mode
choice, it suggested that walking and taking transit are challenging for people who use assistive
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devices or have physical limitations. Several of the interviewees mentioned that physical
limitations prevented them from walking more:
* “I’m at an age, and I also have a disability that...I don’t walk as fast as I used to. Ican’t
physically do it.” --Female, Age 40-49, San Francisco Third Street
e  “Walking is good for people that can walk well. It's not so good for people that have
trouble walking.” --Male, Age 84, Richmond
e “Iwould also like to be in better shape to be able to walk and have enough time to get
where I'm going and show up without being sweaty and gross and exhausted.”
--Female, Age 30-39, Daly City

Attitude and Perception Characteristics

Only the enjoyment of walking and perception of high pedestrian crash risk within the shopping
district variables were associated with mode choices in the main mixed logit model. However,
evidence from additional survey data and interviews suggested that perceptions of traffic safety
and personal security also affect the utility of walking and bicycling.

Enjoyment of Walking

People who walked to and from the shopping district tended to enjoy walking more than other
survey respondents (Figure 5.7). This variable had a slight positive relationship with walking
utility in the model. Efforts that make walking more enjoyable, such as improving the
neighborhood environment, calming traffic, or establishing a walk to work day or walking month
could have a positive effect on pedestrian mode choice.

Including this attitudinal variable in the model also helped account for the possible effect of
neighborhood self-selection. Some people who enjoy walking may choose to live in places
where they can walk to the local shopping district. Others who don’t enjoy walking may choose
to live in places where shopping requires driving. If this association is not measured, the impact
of individual shopping district characteristics on the choice of walking versus using other modes
may be overstated.

However, results also suggest that individual predisposition toward walking and self-selection
into walkable neighborhoods may have only modest impacts on mode choice for shopping tours.
This is because the survey and interviews revealed widespread public enjoyment of walking.
More than 85% of respondents who used any mode of transportation to travel to and from the
shopping districts said that they enjoyed walking. While many interviewees did not walk as
much as they would have liked, they enjoyed walking because they could get physical exercise,
appreciate nature, breathe fresh air, have time to be alone and think, and other reasons:
e “I think walking is good exercise.” --Female, Age 50-59, Hayward
® “Thave noticed that my stress level has gone down since I have walked and bussed more
than I drive.” --Male, Age 30, Burlingame
e “Walking alone and commuting like that gives me a sense of solace and a time to
meditate and reflect and just take in what’s out there and stuff.”
--Male, Age 30, Burlingame
* “We enjoy walking in San Francisco and looking at things...she loves to read restaurant
menus.” --Male, Age 50-59, San Francisco Fillmore Street
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® “They are doing an ecological service...they are [walking] for the environment.”
--Female, Age 52, South San Francisco

e “We just walk because we can be together and we save money and we try to get our
exercise.” --Male, Age 50-59, San Francisco Fillmore Street

Even though these study participants enjoyed walking, there were other impediments preventing
them from walking to and from the shopping district besides their personal attitudes. Some
people may live far from the shopping district and others may have disabilities preventing them
from walking.

Figure 5.7. Mode Share to Shopping Districts by Attitudes & Perceptions Related to
Walking
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Perception of Traffic Crash Risk while Walking

The model results and raw data showed a significant positive association between the perceived
risk of pedestrian crashes in the shopping district and walking and taking transit to the shopping
district (Figure 5.7). While this result may appear to be counterintuitive, it may be due to
pedestrians and transit users interacting with traffic in the roadway environment on a personal
level and developing more of a familiarity with pedestrian traffic safety risks than automobile
users. Since the non-automobile users walk in the street environment, they may be more familiar
with risks such as speeding traffic, drivers not yielding to pedestrians in crosswalks, and
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motorists turning right on red at signalized intersections without looking for pedestrians. As a
result, they may have been more likely to respond that walking is dangerous. Interviewees said:

“I’'m very aware that we have goofy drivers that go through stop signs, so I try to be very
mindful when I’m crossing the streets.”

--Female, Age 60-69, San Francisco Taraval Street

“There are definitely certain intersections that I'm very cautious about because I know
that drivers aren’t really paying attention because I have seen drivers do crazy things in
those particular intersections. There’s definitely some ‘hot spot’ intersections that if I'm
walking, I'm extra cautious.”

--Female, Age 30-39, Daly City

“If there was less traffic, I mean, I probably would walk even more...People drive pretty
fast...People turning. I'd probably say Van Ness and Pine...almost any of them crossing
Van Ness, you’ve got to really watch yourself.”

--Male, Age 30, San Francisco Fillmore Street

In contrast, many people who drive to stores and other errands walk only on quiet neighborhood
streets, in parks, or on trails, so they may have less understanding of how pedestrians experience
the street environment in a shopping district:

“When you walk you notice your environment a lot more than when you drive...I notice
pedestrian access at like ramps...when you are pushing a baby stroller, you definitely
notice that.” --Female, Age 40-49, San Francisco Third Street

How important are safe walking conditions when you go out for recreation or for
shopping? “It is important. Yes. And if you would have asked me that a month and a
half ago, it wouldn't have been as important. But because I'm walking now, I’m realizing
that there are a lot of areas that don’t have the sidewalks.” --Female, Age 52, San Carlos
Why don’t people have consideration for pedestrians? ‘“My honest answer, without
sounding like a jerk, is that they are selfish. It’s all about them...they are not aware of
their surroundings. There’s no situational awareness, unfortunately...they probably don't
know the rules [about crosswalks].” --Male, Age 30, Burlingame

Perception of Crime Risk while Walking

The perceived risk of crime was cited by some interviewees as a reason they did not walk more

often:
[ ]

“When you are walking in this neighborhood, there’s nobody else walking. You look
like a target here.” --Female, Age 40-49, San Francisco Third Street

“There’s also a U-Haul around the corner on Bayshore where lots of guys--day laborers--
hang out. And it’s not pleasant...I don’t ever walk down Bayshore because I don’t want
to be hassled.” --Female, Age 40-49, San Francisco Third Street

Several interviewees also suggested that it was why many parents don’t let their kids walk and
play in their neighborhoods.

“We don’t live in a world that is as safe as it used to be...And that’s probably why...well,
not probably, I’'m sure, that’s why most parents don’t have their children biking around or
walking out on the streets alone.” --Female, Age 40-49, Danville
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e  “When I was 10 I was taking Muni everywhere on my own by myself...my 10-year-old
has not walked anywhere by herself her entire life just because I don’t trust everybody
else out there right now.” --Female, Age 30-39, Daly City

However, the main model did not show any statistical association between respondent
perceptions of high crime risk in the shopping district and mode choice (Figure 5.7). The lack of
significance of this variable could have been due to other intervening factors, such as lower
incomes and lower rates of automobile ownership, which are associated with both the perception
of higher crime and higher levels of walking.

Shopping District Characteristics

Several shopping district characteristics were associated with walking and public transportation
after controlling for travel, socioeconomic, and attitude and perception factors. These results
suggest that pedestrian and transit modes can be supported through planning strategies that affect
the employment and population density, proximity to transit, and design of shopping district
streets and parking lots.

Employment Density

The model showed a significant negative relationship between employment density and
automobile mode choice. Nearly 70 percent of survey respondents used an automobile to travel
to and from shopping districts with fewer than 2,500 employees, but fewer than 20 percent used
an automobile to travel to and from districts with more than 7,500 employees (Figure 5.8).

Figure 5.8. Mode Share to Shopping Districts by Total Employment in Shopping District
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Since travel time is already included in the model, this variable indicates that shopping districts
with a greater concentration of jobs have additional characteristics besides a large number of
employees within a short travel time of shopping opportunities that support walking and transit
and detract from driving. These other characteristics may include roadways with higher levels of
traffic congestion, a high demand for automobile parking, and limited space for automobile
parking. All of these factors decrease the utility of driving relative to the other three modes. In
addition, areas with high employment densities often have a higher density of transit stops and
more frequent transit service than other areas. They also tend to have wider and more complete
sidewalks, which make walking more comfortable than in other shopping districts. However,
there may be endogenous relationships between greater transit service and choosing transit and
between wider sidewalks and choosing to walk. Communities with higher levels of walking and
transit use may provide greater accommodation because many people already use these modes,
so these attributes may not actually cause the demand for walking or transit to increase.

Population Density

There was a positive association between the population density near the retail pharmacy store
where the survey was administered and traveling by walking and transit to the shopping district.
Like employment density, higher population densities mean that more people live within a short
travel time of shopping opportunities. However, the effect of population density was likely to
have a positive association with walking and transit due to higher-density areas having less
convenient automobile access (e.g., more traffic congestion, less available parking) and better
transit service and walking conditions than lower-density areas.

Multilane Roadway Tree Canopy

Model results showed a significant positive relationship between the utility of walking and the
tree canopy coverage along multilane roadways in the shopping district. This is not surprising
since many interviewees expressed an appreciation for street trees:

e “Generally streets that also have trees are nicer streets. There’s a block of Shotwell
Street...it’s a beautiful block with beautiful trees, and I love walking down that street. |
wish every street had trees.” --Female, Age 40-49, San Francisco Third Street

e “We have good walking trails and sidewalks around this neighborhood...it’s clean, and
they have planted trees back 10 or 20 years ago, so they are now nicely grown, and they
have some nice shade during summer.” --Female, Age 40-49, Pleasanton

®  “One of the things that I like about walking in the morning is you smell all the roses and
the things that are blooming. But if the city doesn’t care to beautify their roads or the
sidewalk area or whatever with trees, you know, that sort of thing...”

--Female, Age 52, San Carlos

However, this finding is innovative because the model provides statistical evidence that people
value street trees. Using the parameters from the tree canopy coverage variable and the travel
time variable, it is possible to estimate the value of tree coverage in terms of walking time.
According to the model, a typical respondent would be willing to walk (rather than use a
different mode) on tours that were approximately 2.1 minutes longer when there was 1% more
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tree coverage along multilane roads in the shopping district’. More data are needed to study this
relationship since this variable was not significant in the model of complete tour mode choice or
walking versus driving within a shopping district. In addition, the association between street tree
canopy and walking may vary by season, since many trees in the San Francisco Bay Area lose
their leaves in the winter, as well as by time of day, since the benefit of shade is only provided
during daylight hours. However, if additional study verifies this finding, it suggests that
improving the quality of the street environment may extend walking distances and increase the
pedestrian catchment area for shopping districts.

Automobile Parking

The number of off-street automobile parking spaces at the retail pharmacy survey store had a
significant positive relationship with automobile mode choice. It was more common for people
to travel by automobile to the shopping district when the survey store had more parking spaces
(Figure 5.9). While all survey store parking lots were free, the model indicated that respondents
were willing to spend an additional $0.22 to travel by automobile to a survey store that had 10
additional car parking spaces in its parking lot. Like other transportation infrastructure variables,
the number of parking spaces may have an endogenous relationship with automobile mode
choice. Local regulations often require parking generation studies, so parking lots are
constructed to serve anticipated parking demand.

In addition, automobile parking lot size was correlated with several other shopping district
characteristics that were not included in the model. Shopping districts with many large parking
lots also tended to have lower employment densities, lower population densities, and generally
longer travel times to reach the shopping district. This combination of characteristics favored
automobile access to the shopping district. Note that the correlation between survey store
parking spaces and employment density within 0.5 miles (804 m) of the store was p = -0.27,
which was within -0.5 < p < 0.5, so these variables were allowed to be in the same model.

Figure 5.9. Mode Share to Shopping Districts by Retail Pharmacy Store Parking Lot Size
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* The tree canopy coverage variable was an estimated percentage of the total multilane roadway right-of-way area covered by tree
canopy. The range of values for this variable was 1.6% to 18.1%, with a mean of 6.4%. Qualitatively, this range of values
represented shopping districts with very few street trees (<5% coverage) to full-grown street trees along most major roadways
(>10% coverage). Given the importance of street trees to interview respondents, it is not surprising that 1% greater tree canopy
coverage on multilane roadways throughout a shopping district was associated with more walking.
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The importance of parking availability and convenience was mentioned by interviewees
throughout the study region (Figure 5.10). Large parking lots surrounding stores in Suburban
Thoroughfare and Suburban Shopping Center shopping districts made it convenient to travel by
automobile:

“I parked. In fact, I drove specifically to a restaurant where I wouldn’t have to walk and
parking was achievable. So I didn’t have to deal with the parking issues.”

--Male, Age 60-69, Brentwood

“Living here in the suburbs, the other thing that happens, I think, is that you get really
used to parking not being an issue. Wherever you go, you can park.”

--Female, Age 60-69, South San Francisco

A limited, sometimes expensive supply of parking made it difficult to drive in denser, more
urban shopping districts:

“I know some friends in the City where once you get your parking spot, you try to keep
it as long as possible because it is so hard to get again. So they’ll use everything in their
power to not move their car until they have to because they don't want to have to fight
for getting another parking spot, so they’ll make the most of the neighborhood that they
live in to get what they need to get done without moving their car.”

--Female, Age 30-39, Daly City

“Because there is a lack of parking in this neighborhood...I travel less. Because I know
coming home, there won’t be parking.”

--Female, Age 40-49, San Francisco Third Street

“I won’t go up to the City like to go to Golden Gate Park on the weekends because it is
too hard to find a place to park.” --Female, Age 52, San Carlos

“The parking...is...the big reason why I walk around my neighborhood. I could drive if I
wanted to, but I mean, it’s more inconvenient to find my car where I finally found a
parking spot.” --Male, Age 30, San Francisco Fillmore Street

“The parking is definitely such a pain in the butt, that you just say, ‘I’d rather
walk.’...The inconvenience and the price of parking.”

--Male, Age 30, San Francisco Fillmore Street

“I probably wouldn't drive if I worked in San Francisco...and it was relatively close to
BART, I would definitely take BART...this is mostly because of parking.”

--Female, Age 50-59, Berkeley
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Figure 5.10. Interviewee Quotes about Parking Availability and Cost
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Proximity to a Transit Station
Proximity to a BART or other regional train station also increased the likelihood of taking transit
to the shopping district. Transit-oriented development initiatives to locate transit stations within

shopping districts or develop shopping districts around transit stations may increase the
likelihood of customers traveling to these areas by transit (Cervero, Ferrell, and Murphy 2002).

Panel Parameters
A panel error structure was used to account for unmeasured characteristics that may have been
shared between survey participants in each of the 20 shopping districts. While the panel
parameters for walking and transit mode choices were insignificant, the parameter for
automobile was significant (p = 0.05). This suggests that the model variables of travel time,
employment density, population density, and number of parking spaces at the survey store may
not have captured shared store characteristics related to automobile mode choice, such as parking
availability and traffic congestion during survey periods within a particular shopping district. It
was important to include the automobile panel parameter to capture these unobserved
relationships with mode choice.

Nesting Parameters
Several model alternatives were tested with nesting parameters between two of the three modes.
Walking was nested with transit in the first alternative, walking was nested with automobile in
the second, and transit was nested with automobile in the third. However, these nesting
parameters did not even show a slight association with mode choice behavior (p < 0.20) in any of
the model alternatives. This means that the respondents in the sample would be equally likely to
shift to either of the two remaining alternatives if one alternative was not available. Therefore,
no nesting parameter was included in the final model structure.

Forecasted Effects of Land Use, Urban Design, Attitude, and Perception Changes

The model includes several variables that could be changed through planning practice.
Therefore, as an illustrative example, the model was used to estimate tour mode shares for the
sample of 388 respondents traveling to and from the 20 shopping districts under different
scenarios’. The scenarios included: 1) doubled population and employment densities in the
shopping district, 2) doubled street tree canopy coverage, 3) half as many automobile parking
spaces at the survey store, and 4) all of these changes combined (Table 5.8).

Table 5.8. Forecasted Mode Share to and from Shopping Districts Under Different
Scenarios (N = 388)

Existing Mode Share Potential Changes
1) Doubled 3) Half as Many
Population & 2) Doubled Street [Auto Parking
Base Model |[Employment Tree Canopy Spaces at Survey 4) All Changes

Mode Survey Data |Prediction Density Coverage Store Combined
Walk 43.0% 43.2% 47.3% 54.0% 46.8% 61.2%
Transit 7.5% 7.3% 10.2% 5.8% 7.6% 8.2%
Auto 49.5% 49.5% 42.5% 40.2% 45.6% 30.6%
Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

> Choice probabilities for each mode were estimated from the model shown in Table 5.7. Panel variable parameters were not

used to estimate mode shares.
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Based on the model, the combination of all three changes to the 20 shopping districts could
increase pedestrian mode share among the 388 sample respondents from 43% to 61% and
decrease automobile mode share from 50% to 31%. This shift would eliminate 73 of the 192
automobile tours. Assuming that the typical automobile respondent who shifted modes traveled
less than four miles (6.4 km) on his or her tour, this shift would eliminate 129 (13%) of the 983
respondent vehicle miles traveled (208 of the 1,580 respondent vehicle kilometers traveled), and
110 (36%) of the 308 times respondents parked their automobiles in the shopping district.
Additional analysis could identify the types of neighborhoods where these changes would be
expected to have the greatest impact on mode share.

Note that this forecasted mode shift is an illustrative example based on cross-sectional data. The
forecast assumes that each of the variables that are changed would have a direct effect on mode
choice. In addition, the forecast does not account for the process of modifying travel behavior
habits, so it may overstate the potential impact of the changes. The timeframe for each of these
changes is also likely to be different. For example, new street trees can be planted throughout a
shopping district within weeks (though the canopy will grow slowly over many years), but
doubling population and employment density may take decades to occur.

If the three potential changes were made to all of the survey shopping districts, the model
indicates that respondent travel would become more multimodal. Doing the opposite of these
scenarios (e.g., half population and employment density, half tree canopy, and double store
automobile parking spaces) would make respondent travel less multimodal. Figure 5.11
illustrates mode shifts that could occur under more multimodal and less multimodal scenarios
compared to the current respondent mode share. The impacts of each of the three individual
treatments on automobile mode share are presented in Appendix L.
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Figure 5.11. Survey Respondent Mode Shares Under Different Scenarios, Based on Mode
Choice Model for Travel Only To and From Shopping Districts (N = 388)
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Future iterations of the model could also be used to forecast the potential mode share for tours to
all retail pharmacy stores throughout the San Francisco Bay Area under different scenarios. This
would require gathering additional data on the number of customers at each store (greater weight
would be given to mode shifts at stores with more customers); obtaining land use, transportation
system, and socioeconomic characteristics within all retail pharmacy store shopping districts; and
accounting for a wider range of temporal and weather effects on mode choice throughout the
year.

5.9. SECONDARY ANALYSIS: TOUR MODE CHOSEN BY ALL SURVEY
RESPONDENTS

The secondary analysis was based on responses from the 959 retail pharmacy customers who
provided complete tour data. Characteristics of the 959 respondents who made these shopping
district tours are provided in Table 5.9, and the travel modes used by these respondents are
shown in Table 5.10. As explained in Section 5.5, the model developed during this analysis
process used tour travel distance rather than travel time and did not control for the primary
purpose of multi-district tours.
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Mode Choice by Type of Shopping District

The 959 tours averaged 12.3 miles (19.8 km) and included an average of 4.2 stops (3.2 non-home
stops). 236 (25%) of the tours were less than two miles (3.2 km), and 126 (13%) were single-
stop tours (i.e., home to the store and back home). Overall, 639 (67%) of the respondents used
an automobile (including drivers and passengers) as the primary mode on their tour, while 204
(21%) walked, 95 (10%) took transit, and 21 (2%) bicycled. Primary tour mode was defined as
the mode of transportation used for the greatest distance from the time the customer left home
until he or she returned home. Respondent mode shares for overall tour mode by type of
shopping district were similar to mode shares for traveling to and from the shopping district
(Table 5.10). Most customers on tours to shopping districts in more dense, urban environments
walked or took transit, while most customers on tours to shopping districts in lower-density
suburban areas traveled by automobile.
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Table 5.9. Completed Surveys and Participant Characteristics by Shopping District (N=959)

Participant Characteristics’

Survey Location Completed Surveys Language Gender Age Group Size
Store
Response| Shop
Name County Weekday| Saturday Total Rate' Spanish % Female % Male % 18-34 % 35-64 % 65+ % Alone %
Berkeley Alameda 26 28 54 17.3% 1l 1.9% 35| 64.8% 19| 35.2% 26| 48.1% 24| 44.4% 4] 7.4% 42| 77 8%
Oakland Alameda 27 23 50 27.4% 17{ 34.0% 30| 60.0% 20| 40.0% 18| 36.0% 31 62.0% 1) 2.0% 29| 58 0%
Hayward Alameda 29 22 51] 30.5% 5] 9.8% 28| 54.9% 23| 45.1% 18| 35.3% 29| 56.9% 4| 7.8% 38| 745%
Fremont Alameda 22 25 47 21.8% 3| 6.4% 25| 53.2% 22| 46.8% 18] 38.3% 21| 44.7% 8| 17.0% 40| 85.1%
Pleasanton Alameda 20 27 47| 23.1% 0] 0.0% 30| 65.2% 16| 34.8% 7] 14.9% 31] 66.0% 9] 19.1% 39| 83 0%
Danville Contra Costa 19 23 42| 28.7% 0] 0.0% 27| 64.3% 15| 35.7% 9] 21.4% 22| 52.4% 11{ 26.2% 36| 85.7%
Brentwood Contra Costa 24 19 43| 27.1% 1| 2.3% 26| 60.5% 17| 39.5% 10| 23.3% 28| 65.1% 5[ 11.6% 26| 619%
Concord Contra Costa 25 20 45 21.3% 6| 13.3% 33| 73.3% 12| 26.7% 13| 28.9% 28| 62.2% 4] 8.9% 31] 705%
Richmond Contra Costa 23 27 50 26.7% 15 30.0% 29| 58.0% 21] 42.0% 21| 42.0% 25( 50.0% 4| 8.0% 25| 52.1%
El Cerrito Contra Costa 22 19 41 20.2% 4 9.8% 26| 63.4% 15| 36.6% 10| 24.4% 25 61.0% 6| 14.6% 30] 73 2%
SF--Market St. [San Francisco 26 23 49| 15.5% 2| 41% 23| 46.9% 26| 53.1% 22| 44.9% 24] 49.0% 3| 6.1% 37| 75 5%
SF--Fillmore St. [San Francisco 26 26 52 19.1% 1| 1.9% 33| 63.5% 19| 36.5% 17| 32.7% 24) 46.2% 11{ 21.2% 42| 80 8%
SF--Taraval St. [San Francisco 21 26 47| 20.7% 0] 0.0% 23| 48.9% 24] 51.1% 15| 31.9% 23| 48.9% 9] 19.1% 39| 83 0%
SF--Mission St. |San Francisco 24 29 53 23.9% 18| 34.0% 32| 60.4% 21] 39.6% 25| 47.2% 25| 47.2% 3| 5.7% 37] 69 8%
SF--Third St. San Francisco 22 23 45 28.8% 5| 11.1% 29| 64.4% 16| 35.6% 11| 24.4% 27| 60.0% 7| 15.6% 37| 822%
S. San Francisco|San Mateo 25 21 46| 19.3% 1 2.2% 25| 54.3% 21 45.7% 8| 17.4% 30 65.2% 8| 17.4% 38| 82.6%
Daly City San Mateo 22 23 45 16.6% 4] 8.9% 28| 62.2% 17| 37.8% 17| 37.8% 24{ 53.3% 4] 8.9% 31] 689%
Burlingame San Mateo 27 25 52 25.8% 1| 1.9% 34| 65.4% 18| 34.6% 13| 25.0% 36| 69.2% 3| 5.8% 36| 69 2%
San Mateo San Mateo 27 26 53 19.2% 3| 5.7% 32| 60.4% 21] 39.6% 13| 24.5% 29| 54.7% 11{ 20.8% 41} 77.4%
San Carlos San Mateo 24 23 47| 21.4% 2| 43% 25| 54.3% 21] 45.7% 7| 14.9% 32| 68.1% 8| 17.0% 33] 702%
Total 481 478 959 21.9% 89| 9.3% 573| 59.9% 384| 40.1% 298| 31.1% 538| 56.1% 123| 12.8% 707| 74 0%

1) Response rate was calculated as (Number of surveys/Total number of people invited to participate in survey).

2) The total number of surveys in particular categories maynot sum to 959 because of non-response to certain questions.




Table 5.10. Primary Mode Choice by Shopping District, Sorted by Cluster (N=959)

1. Urban Core

Respondent Primary Tour Mode Sha re’

Shopping District N Walk Bicycle Transit| Automobile
SF-Market St. 49 46.9% 4.1% 40.8% 8.2%
SF-Fillmore St. 52 59.6% 0.0% 15.4% 25.0%
SF-Mission St. 53 45.3% 1.9% 39.6% 13.2%
Cluster Average 154 50.6% 1.9% 31.8% 15.6%
2. Suburban Main Street Respondent Primary Tour Mode Sha re’
Shopping District N Walk Bicycle Transit| Automobile
Berkeley 54 31.5% 13.0% 1.9% 53.7%
Oakland 50 18.0% 2.0% 6.0% 74.0%
Richmond 50 24.0% 2.0% 10.0% 64.0%
SF-Taraval St. 47 25.5% 0.0% 19.1% 55.3%
SF-Third St. 45 17.8% 0.0% 15.6% 66.7%
Daly City 45 22.2% 0.0% 20.0% 57.8%
Burlingame 52 25.0% 3.8% 1.9% 69.2%
San Mateo 53 24.5% 1.9% 1.9% 71.7%
Cluster Average 396 23.7% 3.0% 9.1% 64.1%
3. Suburban Thoroughfare Respondent Primary Tour Mode Sha re’
Shopping District N Walk Bicycle Transit| Automobile
Hayward 51 11.8% 0.0% 3.9% 84.3%
Fremont 47 14.9% 2.1% 2.1% 80.9%
Danville 42 2.4% 0.0% 0.0% 97.6%
Brentwood 43 2.3% 4.7% 2.3% 90.7%
Concord 45 17.8% 0.0% 0.0% 82.2%
El Cerrito 41 7.3% 0.0% 4.9% 87.8%
San Carlos 47 2.1% 4.3% 6.4% 87.2%
Cluster Average 316 8.5% 1.6% 2.8% 87.0%
4. Suburban Shopping Center Respondent Primary Tour Mode Sha re’
Shopping District N Walk Bicycle Transit| Automobile
Pleasanton 47 4.3% 2.1% 2.1% 91.5%
S. San Francisco 46 6.5% 0.0% 0.0% 93.5%
Cluster Average 93 5.4% 1.1% 1.1% 92.5%
Overall Respondent Primary Tour Mode Sha re’

N Walk Bicycle Transit| Automobile
Overall Average 959 21.3% 2.2% 9.9% 66.6%

1) Survey respondent transportation mode share is the mode that the person used for the greatest

distance on their entire tour from the time they left home until the time they returned home. Cluster

average is weighted average ofindividual shopping district data based on surveys per store.
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5.10. MODELING PROCESS: TOUR MODE CHOSEN BY ALL SURVEY
RESPONDENTS

The secondary model structure was nearly identical to the main model presented above. A
mixed logit framework was used, including panel error terms to capture correlated responses
among respondents at the same store and a nesting error term to quantify interdependence
between related modes. One major difference from the main model analysis is that the
secondary dataset contained enough respondents who bicycled on their tour to include bicycling
in the choice set. This made it possible to test the secondary model with a nesting parameter
between the walk and bicycle mode choices that represent potential correlation between the
choice of non-motorized transportation modes.

More than 70 variables were considered as factors that could potentially be associated with each
of the 959 survey respondents choosing to walk, bicycle, take transit, or use an automobile as
their primary tour mode (Table 5.11). As done for the main model, each iteration of the
secondary model was estimated using different combinations of these explanatory variables.
Variables with high correlations (p > 0.5 or p < -0.5) were not included in the same model.
There was a moderate correlation between the presence of metered street parking on the street
adjacent to the survey store and the number of spaces in the survey store parking lot (p = -0.53).
However, these two variables represented two theoretically-important aspects of automobile
parking: a greater supply of parking at the store was expected to be associated with more utility
for driving, and metered street parking was expected to be associated with less utility for driving
on a tour that included stopping at the survey store. The parameter estimates for these variables
appeared to be reasonable when the final model was estimated.

As done for the main model, the first iteration of the secondary model was tested using a single
parameter for each variable. This initial parameter was placed by default in the utility equation
for automobile, unless the variable was assumed to be related to a different mode (e.g., the
“Miles of Bicycle Facilities” parameter was placed in the bicycle mode utility function).
Twenty-six variables were tested to see if the overall model fit would be better with their
corresponding parameters in a single mode utility equation or in multiple mode utility equations.
Likelihood ratio tests showed that eight of these variables improved the model significantly
when they had separate parameters in three mode utility equations.
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Table 5.11., Part 1. Variables Considered for Statistical Models:
Travel and Socioeconomic Factors

Travel Factors Summary Statistics
Variable Name Description Sample Size Mean| Std. Dev.| Minimum| Maximum
Distance to Furthest Stop|Straight-line distance from home to furthest stop (km) 959 6.757| 11.662 0.063( 140.873
Home to Store Distance|Straight-line distance between home and survey location (km) 959 3.813 9.409 0.063| 140.873
Total Tour Distance Total tour distance (km) 959 19.831| 32.540 0.364| 387.816
Tour Distance <2 mi. |Total tour distance less than 2 mi. (3.2 km) (1 = Yes, 0 = No) 959 0.246 0.431 0.000 1.000]
Number of Stops Total tour stops (including returning home) 959 4.244 1.849 2.000] 17.000
Single-Stop Tour Tour was to store and back home (1=Yes, 0=No) 959 0.131 0.338 0.000 1.000,
No Bags Carrying O bags (1 =Yes, 0=No) 959 0.150 0.357 0.000 1.000]
2+ Bags Carrying 2 or more bags (1=Yes, 0=No) 959 0.244 0.430 0.000 1.000
Shopping Alone Shopping alone (group size =1) (1=Yes, 0=No) 955 0.740 0.439 0.000 1.000,
Cool Temperature Temperature <60° F (<16° C) (1=Yes, 0=No) 959 0.074 0.262 0.000 1.000
Saturday Survey was on Saturday (1 =Yes, 0 =No) 959 0.498 0.500 0.000 1.000]
Respondent Socioeconomic Factors Summary Statistics’
Variable Name Description Sample Size Mean| Std. Dev.| Minimum| Maximum
Female Female 957 0.599 0.490 0.000 1.000
Spanish Speaker Survey completed in Spanish (1 =Yes, 0=No) 959 0.093 0.290 0.000 1.000
Young Adult Young adult (age 18to 34) (1=Yes, 0=No) 959 0.311 0.463 0.000 1.000
Middle Age Middle-age adult (age 35-64) (1=Yes, 0=No) 959 0.561 0.497 0.000 1.000
Senior Citizen Senior citizen (over age 64) (1=Yes, 0=No) 959 0.128 0.335 0.000 1.000,
Employed Employed (includes employed students) (1 =Yes, 0=No) 957 0.615 0.487 0.000 1.000,
Unemployed Unemployed (1=Yes, 0=No) 957 0.161 0.368 0.000 1.000;
Student Student (includes employed students) (1 =Yes, 0=No) 957 0.118 0.323 0.000 1.000
Retired Retired (1 =Yes, 0=No) 957 0.129 0.335 0.000 1.000
Homemaker Homemaker (1=Yes, 0=No) 957 0.023 0.150 0.000 1.000
No-Child Household |Household with O children (1=Yes, 0=No) 959 0.633 0.482 0.000 1.000
Single Adult Household with a single adult (1=Yes, 0=No) 959 0.242 0.428 0.000 1.000
Group House Household with 4 or more adults (1=Yes, 0=No) 959 0.112 0.315 0.000 1.000
Lower Income Household income less than $50,000 per year (1 = Yes, 0 = No) 864 0.468 0.499 0.000 1.000]
Higher Income Household income more than $100,000 per year (1 = Yes, 0 = No) 864 0.263 0.440 0.000 1.000
Bus Pass Owns a monthly or annual bus pass (1=Yes, 0=No) 954 0.177 0.382 0.000 1.000
Disability Has a disability (self-reported) (1=Yes, 0=No) 959 0.131 0.338 0.000 1.000,
Number of Autos Number of motor vehicles in household (1 =Yes, 0=No) 958 1.773 1.359 0.000[ 15.000
Number of Bicycles Number of bicycles in household (1=Yes, 0=No) 959 1.586 2.066 0.000[ 30.000
No-Car Household 0 motor vehicles in household (1=Yes, 0=No) 958 0.128 0.335 0.000 1.000
Multi-Car Household |2 or more motor vehicles in household (1=Yes, 0=No) 958 0.549 0.498 0.000 1.000
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Table 5.11., Part 2. Variables Considered for Statistical Models:
Attitude & Perception and Shopping District Factors

Respondent Attitude & Perception Factors

Summary Statistics

Variable Name Description Sample Size Mean| Std. Dev.| Minimum| Maximum
Enjoy Walking Respondent enjoys walking (1=Yes, 0= No)2 959 0.867 0.340 0.000 1.000,
Enjoy Bicycling Respondent enjoys bicycling (1= Yes, 0=No)’ 949| 0607 0489 0.000[ 1.000
General Walk Crash Risk | Perceive walking to be risky (in general) (1 = Yes, 0 = No)’ 959 0.236 0.425 0.000 1.000
General Bike Crash Risk | Perceive bicycling to be risky (in general) (1 =Yes, 0 = No)2 950 0.548 0.498 0.000 1.000|
Negative Walk Culture|People in nbhd. have neg. view of walking (1 = Yes, 0 = No)’ 916 0.092 0.289 0.000 1.000
Negative Bike Culture |People in nbhd. have neg. view of bicycling (1 =Yes, 0= No)’ 917 0.150 0.358 0.000 1.000,
Nbhd. Walk Crime Risk [Perceieve high crime risk if walking in shop. dist. during day (1= Yes, 0= No)"* 954 0.106 0.308 0.000 1.000|
Nbhd. Bike Crime Risk |Perceieve high crime risk if bicycling in shop. dist. during day (1= Yes, 0=No)"! 916 0.103 0.304 0.000 1.000
Nbhd. Walk Crash Risk | Perceieve high crash risk if walking in shop. dist. during day (1 = Yes, 0= No)** 946 0.132 0.339 0.000 1.000|
Nbhd. Bike Crash Risk |Perceieve high crashrisk if bicycling in shop. dist. during day (1= Yes, 0= No)'* 910 0.288 0.453 0.000 1.000
Shopping District Factors Summary Statistics’
Variable Name Description Sample Size Mean| Std. Dev.| Minimum| Maximum
Population Density Total population living within 0.1 mi. (161 m) of store (005)3 959 3.668, 2.854 0.566| 12.226
Employment Density |Total number of jobs within 0.5 mi. (804 m) (000s) 959| 11.472f 31.258 0.195| 145.200
Commercial Density |Total number of commercial properties within 0.25 mi. (402 m)* 959 57.328| 61.908 6.000 272.000
Median Income Median annual household income within 0.5 mi. (804 m) 959 58738 19905 28243 93413
Percent White Proportion of population living within 0.5 mi. (804 m) that is White 959 0.518 0.236 0.101 0.898
Sidewalk Coverage Proportion sidewalk coverage on multilane roadways5 959 0.902 0.118 0.536 1.000|
Slope Average percent slope along multilane roadways6 959 2.776) 4.561 0.622| 22.093
Bike Facility Density |Miles of bicycle facilities within 0.5 mi. (804 m)7 959 1.964 1.965 0.000 6.330]
Intersection Density |Number of street intersections within 0.5 mi. (804 m) 959 115.293| 31.013| 56.000| 174.000|
Spanish-Speaking % of households with adults who only speak Spanish within 0.1 mi. (161 m) 959 0.059 0.062 0.000 0.212
Asian-Speaking % of households with adults who only speak an Asian language within 0.1 mi. (161 m) 959 0.056 0.065 0.003 0.272
Road Width Adjacent roadway curb-to-curb width (m)® 959 22.283 5.628| 11.583| 32.501
Road Street Parking On-street parking coverage on adjacent roadways'9 959 0.591 0.393 0.000 1.000]
Road Lanes Average adjacent roadway number of travel lanes®*° 959 4.003 1.108 2.000 5.997
Road AADT Trafficvolume (AADT) on roadway adjacent to store 959 23028 10253 9771 50500
Road Speed Limit Average posted speed limit along adjacent roadway (MPH)8 959 29.797 4,945 25.000| 37.500
Road Setback Average building setback along adjacent roadway (m)g’11 959 8.615 8.376 0.000] 25.709
Road Tree Canopy % of adjacent roadway right-of-way covered by tree canopy®* 959 7.732 4.273 2.089| 16.237
Crossroad Crossing Distance |Average crossroad pedestrian crossing distance (m)g’13 959 12.788| 3.328 6.668| 20.079
Store Square Meters |Gross area of store building (square meters) 959 1244 472 493 2338
Drive-Through Window|Store has a drive-through window (1=Yes, 0=No) 959 0.293 0.455 0.000 1.000
Store Parking Spaces |Spaces in the store parking lot (includes shared parking)(00s) 959 1.244 1.377 0.000 4.420,
Store Bike Parking Bicycle parking spaces on store property 959 2.484 3.712 0.000] 12.000
Pay Parking on Road  |Presence of pay parking within 0.1 mi. (161 m) (1= Yes, 0= No)* 959| 0.465| 0.499] 0.000]  1.000
Setback Distance Distance from store door to public sidewalk (m)15 959 17.644] 22.373 1.000f 90.000
Distance to Train Distance from store to closest train station (km)16 959 2.050 3.344 0.141] 12.781
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Table 5.11., Part 3. Variables Considered for Statistical Models: Footnotes

1) Non-responses were removed. This is reflected in the sample size foreach variable.

2) Agreement with the statementincluded two of the five categories on a 5-point Likert scale (e.g., "Agree" or "Strongly
Agree").

3) Total population within 0.1 mi. (161 m)is calculated from 2000 census block group data. The calculation of population
onlyincluded portions of census block groups within the 0.1-mi. (161-m) radius of the store.

4) Commercial retail/entertainment properties are defined by the four county assessor's offices. These commercial land
uses include commercial, entertainment, store, service, tourism, store on first floor with other above, department store,
single-story store, restaurant, post office, bank, supermarket, food store, lodge hall, car wash, gas station, auto dealer,
movie theater, bowling alley, winery, stadium, commercial mix, and commercial building. This category does notinclude
commercial office buildings. Note thatone building structure could include multiple commercial properties.

5) Sidewalk coverage is calculated on multilane roadways within 0.5 mi. (804 m) of the store. The calculation assumes that
complete coverage is continuous sidewalks on both sides of the street. Therefore, if a street has sidewalks on both sides,
ithas 100% sidewalk coverage. If a street has a complete sidewalk on one side, but no sidewalk on the other, it has 50%

coverage.

6) Percent slope is calculated on multilane roadways within 0.5 mi. (804 m) of the store. Itis calculated as the change in
elevation between the two segment endpoints (intersections) divided by the length of the street segment.

7) Bicycle facilities include bicycle lanes, shared lane markings, bicycle boulevards, and multi-use trails. Theydo not
include streets that only have bicycle route signs. Bicycle facility miles were calculated using the same methodologyas
automobile lane miles. If bicycle lanes orshared lane markings are on both sides of a one-mile-long street segment, this
represents two miles of bicycle facilities (this avoids the problem of misrepresenting one-way bicycle facilities on one-way
streets). Bicycle boulevards and multi-use trails are two-way facilities, so one-mile of centerline counts as two miles of
bicycle facilities.

8) Adjacent roadwayvariables are measured within a 0.5-mi. (804-m) corridor (0.25 mi. (402 m) in either direction) along the
commercial roadway adjacent to the store. Speed limitis posted in miles per hour (MPH), so itis reported using this
measure. Note that 10 MPH = 16.1 KPH.

9) Ablock is considered to have on-street parking if on-street parking is legal (i.e., parked cars do not need to be present).
Each side of the streetis considered separately(e.g., on-street parking on both sides = 100% coverage; on-street parking on
one side =50% coverage).

10) Travel lanes include all general purpose through-lanes in both directions. The number of through-lanes does not
include left- orright-turn lanes, two-way center turn lanes, bicycle lanes, shoulders, or other auxilarylanes. In addition, it
does notinclude lanes that end within the segment.

11) Average setback is a rough estimate of the average distance between the sidewalk or roadway edge and the front of
each building. If a road segment does not have buildings (e.g., overpass, underpass, etc.), itis not considered in the
average setback measurement.

12) Average percent tree coverage is an average of the percent tree coverage on each multilane street segment within 0.5 mi.
(804 m) of the store. Tree coverage is an estimate of the total public right-of-way surface area (edge-of-sidewalk to edge-of-
sidewalk) covered by tree canopy.

13) Crossroad street crossing distance represents the width of the roadwayintersecting the mainline commercial roadway.
The distance is measured in the direction of commercial street. Intersection crossings are considered in this measurement,
but riveway crossings are not.

14) Presence of pay parking within 0.1 mi. (161 m) was noted using Google Street View.

15) Distance from store door to public sidewalk was measured as the most direct path from the door to the sidewalk that
did notinvolve crossing fences orlandscaping. Measurement was done using the Google Earth measuring tool. Building
doors were located using Google Street View.

16) Distance from store to closest Bay Area Rapid Transit or other train station was measured as the straight-line distance
from the store centroid to the train station centroid. Measurementwas done in GIS.
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Model Significance

The final mixed logit model included 47 parameters corresponding with 28 variables and a
constant. Overall, the model log-likelihood (-399) was relatively high compared with the log-
likelihood value for no model (-1,188) and the log-likelihood value of a model with only
constants (-725). Its adjusted rho-squared value was 0.625 (Table 5.12). The model predicted
the mode chosen by 814 (85%) of the 959 survey participants correctly.

Parameter estimates were provided for theoretically-important variables that had at least one
mode-specific parameter with a p-value < 0.30. However, parameters were considered to be
highly significant for p < 0.01, significant for 0.01 < p < 0.05, and moderately significant for
0.05 < p <0.10. Parameters with 0.10 < p < 0.20 were not considered to be statistically
significant but were interpreted as indicating a slight association between the explanatory
variable and mode choice. Parameter estimates with p < 0.10 are highlighted in Table 5.12.

Like the main model, a likelihood ratio test demonstrated that the planning-related (i.e., attitude,
perception, and shopping district) variables added explanatory power to the model. The
restricted version of the model included only the variables in the travel and socioeconomic
categories and had a log-likelihood of -432. This produced a likelihood ratio test statistic of 2 *
(-398.68 — (-431.79)) = 66.2. This test statistic is compared to the value of a Chi-Squared
distribution with 47 — 32 = 15 degrees of freedom, which is 30.6 for p = 0.01. Since 66.2 is
greater than 30.6, we can (with 99% confidence) reject the null hypothesis that the additional
variables do not contribute to the model.
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Table 5.12., Part 1. Factors Associated with Retail Pharmacy Store Tour Mode Choice

Mixed logit model for all survey respondents who provided complete tour data’

Tour Mode”
Walk Bicycle3 Public Transit Automobile
Variable4 Parameter Est.” p-value | Parameter Est. ° p-value | Parameter Est. : p-value | Parameter Est. ° p-value
Constant -3.39 0.00 -2.40 0.02 -5.46 0.00) 0.00 Fixed
2 Total Tour Distance (km) -0.326 0.00 -0.087 0.03] -0.000566 0.91]
% Tour Distance <2 mi. (<3.2 km) 1.62 0.00)
5 Number of Tour Stops 0.298 0.00| -0.220 0.31 0.0145 0.87
2 |NoBags 0464 016
E Shopping Alone 0.129 0.67 0.439 0.48 1.26 0.00]
= |saturday 0.409 0.06)
Female -1.31 0.01]
o Spanish Speaker -0.512 0.15
E  [student -1.04] 0.0
S No-Child Household -0.353 0.15
§ Group House 0.874 0.02 -0.625 0.56 1.16 0.00]
8 Bus Pass 1.25 0.00 -0.0711 0.93 1.87 0.00
“  Ipisability 0.4%[ 017
No-Car Household -3.08 0.00]
) Enjoy Walking 0.607| 0.19
P':::::‘:;/" Perceive Shop. Dist. Walk Crime Risk 0.614 0.11]
Perceive Shop. Dist. Walk Crash Risk 0.621] 0.14] -0.0681 0.95 0.801] 0.05
B Emp. within 0.5 mi. (804 m) (000s) -0.0277 0.00
"Z Pop. within 0.1 mi. (161 m) (00s) 0.129 0.01 0.0230) 0.85 0.255 0.00]
?o Km of Bike Facilities within 0.5 mi. (804 m) 0.141 0.07
-g_ Survey Store Parking Spaces (OOs)gl 0.234 0.03
_§' Survey Store Bike Parking Spaces 0.0323 0.33 0.0766 0.18 -0.0878| 0.11]
n Metered Parking on Street -0.356 0.20
Nesting & Panel Variables’
Variable Parameter Est.” p-value
T Nest (Walk & Bicycle) 0.0753 0.88
&  |store Panel (Walk) 0.0195, 0.93
@ |store Panel (Bicycle) 0.0131 0.98
'é Store Panel (Transit) 0.00708| 0.97|
2 [store Panel (Auto) 0.0138 0.96
Overall Model
Sample Size (N) 959
Log-Likelihood (0) -1188
Log-Likelihood (Constant)8 -725
Log-Likelihood (Restricted Model)9 -432
Log-Likelihood (Model) -399
Adjusted Rho-Squared Value 0.625
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Table 5.12., Part 2. Factors Associated with Retail Pharmacy Store Tour Mode Choice

1) The dependentvariable in the model is the primary (greatest distance) mode of transportation used on tours that
involved stopping ata retail pharmacy store. The mode used for the 959 survey respondents was: Automobile = 639
(67%), Walk =204 (21%), Transit = 95 (10%), and Bicycle = 21 (2%). Parameter estimates were generated after 1000 draws.
They were varified as stable from 500 to 1000 draws.

2) The automobile mode includes driving and riding as a passengerin a motorized vehicle otherthan a public bus or
train (taxi is included within automobile mode). The walk mode includes all pedestrians, including people on foot, in
wheelchairs, and using other assistive devices. The publictransit mode includes bus, regional rail, light rail, commuter
train, other train, and paratransit.

3) Enjoyment of bicycling was associated with bicycle mode choice. However, all 21 resopndents who bicycled reported
enjoying bicycling, so it could not be included in the model.

4) Several othervariables were expected to have significantassociations with respondent mode choice and were tested
during the modeling process. These variables were: tour made onlyto the shopping district (versus multi-district tour),
high respondent household income, respondent perception of general bicycle crash risk, respondent perception of
negative cultural attitudes towards bicycling, multilane road tree canopy coverage within the shopping district, drive-
through pharmacy window at the survey store, and distance between the surveystore and closest regional train station.
However, their parameter estimates were imprecise (p >0.30) and had minimal influence on other parameters, so they
were notincluded in the final model.

5) Parameter estimates represent coefficients in the utility function for choosing each transportation mode. The base
mode for each variable is the mode with no parameter estimate.

6) Survey store automoible parking spaces include all spaces in the entire parking lotifitis shared with other stores.
7) The walk & bicycle nest paramter captures the correlation between the choice of walking and bicycling. The store
panel parameters capture the correlated error between respondents who were surveyed at the same store.
Approximately 50 customers were surveyed at each store, so theyshare identical shopping distrct variables and may
have similar socioeconomic or attitude characteristics.

8) Log-likelihood (constant) is the log-likelihood of a constsnts-only model thatincludes the nesting and panel
variables.

9) Log-likelihood (restricted model) is the log-likelihood of a model without the attitude & perception and shopping
district variables.
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5.11. RESULTS: TOUR MODE CHOSEN BY ALL SURVEY RESPONDENTS

Many of the statistically-significant variables in the tour mode model (secondary analysis) were
similar to those identified in the model of modes chosen to travel to and from shopping districts
(main analysis). Therefore, the following results focus on additional findings revealed by the
tour mode model. Since the model database included small sample of 21 bicyclists, the results
that identify factors associated with bicycling should be viewed as exploratory. Results related
to specific variables are presented in the order that they are listed in the final model (Table 5.12).

Travel Characteristics

Travel factors, such as tour distance, the number of activity stops, carrying bags on a tour,
traveling alone, and traveling on a Saturday provided additional information about respondent
tour mode choice.

Tour Distance

As expected, walking and bicycling were significantly less likely to be chosen than automobile
for longer-distance tours. In fact, the choice of respondents to walk was not simply a linear
function of distance (Figure 5.12). After accounting for the linear relationship between tour
distance and pedestrian mode choice, tours less than two miles (3.2 km) were still significantly
more likely to be made by walking. The parameter for tour distance was not significant for
public transit, indicating that respondents were indifferent between automobile and transit tours
of different distances. Tour distance may have been more of an impediment to walking and
bicycling than transit because transit typically has shorter travel times over longer distances and
requires less physical effort than walking or bicycling.
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Figure 5.12. Pedestrian Mode Choice by Tour Distance (N=959)
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Note: A hollow bar is used to represent >3.0 miles because it does not cover the same distance range as the other categories.
1 mile = 1.61 kilometers.

Number of Tour Stops

The mode-specific parameters in the tour model showed that the choice of walking had a
significant positive association with making more stops. Respondents tended to walk on tours to
shopping districts where they made multiple stops within a relatively small area. The parameters
for the bicycle and transit modes were not statistically significant. However, the bicycle
parameter had a negative sign, suggesting that people who made more stops on their tours were
less likely to choose to bicycle.

Number of Bags
The main model showed that respondents who were not carrying any bags or packages on their
tour were less likely to use an automobile to travel to and from the shopping district, and the
secondary model revealed that these respondents were more likely to walk than use other modes
on their complete tour. These results are complementary and expected. Besides being a barrier
to walking, bags were viewed by interviewees as a barrier to bicycling:

®  “Obviously, massive grocery shopping doesn’t work on a bike.”

--Female, Age 50-59, San Carlos

Traveling Alone

Respondents who were traveling alone were less likely to have used an automobile in the main
model and significantly more likely to have taken transit in the secondary model. The
parameters for the pedestrian and bicycle modes were not significant in the secondary model, but
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they were both positive, supporting the result from the main model. When people travel
together, walking and bicycling are less attractive options.

Traveling on Saturday

There was a moderately significant positive relationship between respondents traveling on
Saturday and using an automobile on their tours. This may be due to people doing different
types of activities (such as purchasing larger items), facing lower parking costs, or having more
limited public transit options on Saturdays.

Socioeconomic Characteristics
Several differences between the main model and the secondary model results were related to
respondent gender, having no children, owning a bus pass, and not owning an automobile.

Gender

Gender did not show a statistical association with walking, transit, and automobile mode choice
in the main model, but it had a significant association with bicycle mode choice in the secondary
model. Overall, nearly four percent of males but less than one percent of females bicycled on
their tours (Figure 5.13). In addition, after controlling for other factors in the model, females
were significantly less likely to bicycle than males. This supports previous findings (Cervero
and Duncan 2003).

Figure 5.13. Tour Mode Share by Gender

Female (N = 573) Male (N = 384)

1.0%

3.9%
9.2%

B Walk B Walk
@ Bicycle 62.5% 109% M Bicycle
B Transit B Transit
@ Auto @ Auto

Household with No Children
The parameter for no-child household was negative for automobile mode choice, indicating that
respondents living in homes with no children were more likely to use non-automobile modes
(Figure 5.14). In contrast, respondents with children were more likely to take an automobile on
their tour. Many interview responses suggested that families with children lack the flexibility
and extra time in their schedules that is needed to travel by walking, bicycling, or transit
(regardless of whether they are traveling with their children at any given time):

e “My kids were still younger...we always used to be on the time crunch. They would wait

for me to come home. There was something else for them that I had to drop them
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off...things like that, I would always go for car. That’s faster and more convenient.
Now, my younger one goes off to college next year, so maybe I'll start thinking about the
alternate options.” --Female, Age 40-49, Pleasanton

¢ She reduced the amount of bicycling she did before she moved to Pacifica. “It changed
when I had kids and I had to get them to child care or school and I had to work.”
--Female, Age 60-69, South San Francisco

Some study participants may also have been concerned about the risk of their children being
struck by an automobile while walking or bicycling:
*  “When you are taking about letting an 8 year old ride a bicycle 3 blocks away, even
though it is a safe neighborhood, you are still contending with traffic.”
--Female, Age 40-49, Danville
* “Bicycling--I have a baby, so...I don't feel comfortable with my bicycling skills and the
baby on the same bicycle.” --Female, Age 30-39, Daly City

In addition, walking or bicycling with young children may be challenging because it requires
carrying them, pushing a stroller, walking at their slower pace, or loading them in a bicycle seat,
all of which may take more time or effort than walking alone.
® A 45-minute walk to the store would not be a realistic option: “Not with a baby,
especially.” --Female, Age 30-39, Daly City

More research is needed to identify the underlying reasons why parents with children are more
likely to travel by automobile than other modes.

Figure 5.14. Tour Mode Share for Respondents with and without Children

Tour Mode Share for Households Tour Mode Share for Households
with Children (N = 352) with No Children (N = 607)

15.6%

2.3%

7.1%
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75.0% M Transit W Transit

@ Automobile @ Automobile

Bus Pass

As expected, respondents who owned bus passes had a higher utility for taking public transit on
their tours. However, this variable also had a statistically-significant positive parameter for
walking mode choice, suggesting that people with bus passes are also more likely to choose
walking as their primary tour mode (i.e., respondents with bus passes walked to and from transit
stops but were also more likely to make walk-only tours). It is possible that people who own bus
passes may have lifestyles that involve more walking and transit and less automobile use.
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Automobile Ownership

Respondents who did not have an automobile in their household were significantly less likely to
choose automobile rather than walking, bicycling, or taking transit on their tours. Since not
having an automobile was related to lower household income, this result was similar to the
negative relationship between lower household income and automobile use in the main model.

Attitude and Perception Characteristics

The results of the secondary model were similar to the main model for respondents who enjoyed
walking and perceived a high risk of being struck by a vehicle while walking in the survey
shopping district. However, analyzing data from all 959 respondents who provided complete
tour information revealed additional relationships between mode choice and perceptions of crime
risk in the shopping district and enjoyment of bicycling. Attitude and perception responses from
the survey are summarized in Figure 5.15 and Figure 5.16.

Perception of Crime Risk while Walking

There was a slight positive association between respondents perceiving a higher risk of crime in
the survey shopping district and using an automobile on their tour. As stated by interviewees in
a previous section, people traveling to a higher-crime neighborhood may not want to risk
walking between activities or waiting at transit stops because they do not want to be the victim of
street crime.

Enjoyment of Bicycling
The survey data support previous research showing that people who enjoy bicycling are more
likely to bicycle (Handy and Mokhtarian 2005; Handy, Xing, and Buehler 2010). All 21
bicyclists in the full sample reported enjoying bicycling (Figure 5.16). Since all of the
respondents who chose bicycle had the same value for this variable, it was not included in the
model. Interviewees enjoyed bicycling for many reasons:
¢ “I’'m abig advocate of green. And every small little thing we can do it’s going to
help...the less cars we have on the road, less carbon emissions, the greenhouse gasses are
not generated as much, the bicycle is good for the exercise, good for the person--heart
rate, and to keep fit.” --Female, Age 40-49, Pleasanton
e “[Bicycling is] a good way to get some exercise, and it’s less pollution and all that
stuff...I think maybe, part of it may be that it’s kind of trendy...which is probably a good
thing.” --Male, Age 30, San Francisco Fillmore Street
e People bicycle “for exercise, for convenience, and for fun.”
--Female, Age 20-29, San Francisco Market Street
e “Ithink a lot of people feel they really accomplished something when they’ve gone on a
long bike ride...and beyond that, if you can relax enough to really be able to enjoy what
you are seeing when you are on your bike, that’s even better.”
--Female, Age 40-49, Danville

People who thought bicycling generally had a relatively high risk of traffic crashes were more
likely to have bicycled on their tour (Figure 5.16). While this variable was tested but not
included in the model, this finding is similar to the finding that pedestrians and transit users
perceive a higher risk of pedestrian crashes in the shopping district. People who bicycle
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regularly may be more familiar with the risks of bicycling through their experiences. As a result,
respondents may have been more likely to respond that bicycling is risky. A similar result was
found in a study of bicyclists who rated their perception of safety while bicycling along a set of
roadway segments: more experienced bicyclists tended to give the segments lower grades
(Landis et al. 1996).

Comparison of Pedestrian and Bicycle Attitudes and Perceptions

As a whole, more survey respondents enjoyed walking (87%) than enjoyed bicycling (61%)
(Figure 5.15 and Figure 5.16). This could be due to differences in perceptions of crash risk and
cultural attitudes towards each mode. When asked about general traffic safety, more than twice
as many respondents perceived bicycling to have a high risk of crashes (55%) than walking to
have a high risk of crashes (24%). Within the survey shopping district, bicycling was perceived
to have a high risk of traffic crashes by 29% of respondents, but walking was perceived as risky
by only 13% of respondents. These results support the findings of other researchers who have
identified the fear of traffic safety as a primary deterrent of bicycling (Connerly et al. 2006;
Horton 2009).

Concerns about safety while bicycling were widespread among interviewees in all parts of the
San Francisco Bay Area (Figure 5.17):

e [f you are a bicyclist, “you will eventually get hit...and it is usually not the fault of the
bicyclist...Every bicyclist I know has been hit by a car, usually through no fault of their
own.” --Male, Age 30-39, San Francisco Mission Street

e “I would not feel as secure riding a bike in the street...” --Female, Age 50-59, Berkeley

e “I’m not a good enough bicyclist to be able to bicycle in San Francisco. You have to be
like highly attuned to your environment.”

--Female, Age 40-49, San Francisco Third Street

e “I’m not a skilled bicyclist...bicycling on the road, so I don’t really feel very safe at
all...Bicycling for me is more like a leisure thing where I can get to a safe place, and then
bike around, and then get back to my home base...I pretty much have my bike on a car
and drive it somewhere because I really don't feel safe bicycling on the streets.”
--Female, Age 30-39, Daly City

e “Right now [ wouldn’t bicycle. I had a neighbor who had a terrible accident on a bicycle
and was put on life support and was taken off life support...it was the one time he didn't
wear his helmet. In general, streets are so busy, so bicycling is not an option.”

--Female, Age 52, South San Francisco

e  “Sometimes I feel scared for [bicyclists]...sometimes it is very hard to see them...and
sometimes they have no protection.” --Male, Age 30-39, Berkeley

e “Ilike to ride on my bike, but some places in Pleasanton, they don't have a bike lane. It’s
not designated or marked prominently, so it’s not really safe.”

--Female, Age 40-49, Pleasanton

e “Having been a cop for many years, I’ve worked too many accidents. Whether it’s the
bicyclist’s fault or not, the fact of the matter is, it’s a very vulnerable position to be if you
get in an accident.”

--Male, Age 60-69, Brentwood

e Bicyclists have a “lack of fear of death.”

--Male, Age 30-39, San Francisco Mission Street
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In addition, 15% of respondents thought their neighbors had a negative view of people who
bicycle, but only 9% thought their neighbors had a negative view of people who walk. This
suggested that social influences may be a greater barrier to bicycling than walking. A smaller
percentage of people who bicycled on their tour (9%) thought their neighbors had a negative
view of bicyclists than people who used other modes on their tour (15%). This may simply show
that people who bicycle tend to think that others in their neighborhood also appreciate bicycling
as much as they do. It may also indicate that people who think bicycling is viewed negatively by
their neighbors are apprehensive about choosing to bicycle. Several interviewees expressed this
concern:

e “It would be really helpful to both sides to have public education about bicycling and
automobiles...I have heard that some people deliberately injure bicyclists, you know,
people get so fed up.” --Female, Age 52, South San Francisco

® Bicyclists may have people telling them “[in a joking tone] ‘Get off the road!’...
--Male, Age 30-39, Berkeley

e  “When they are jerks, it definitely impacts [me]. Because that person, if they were a jerk,
and the car got mad at them, the next time that car sees a biker, he’s not going to be as
nice.” --Female, Age 50-59, San Carlos

2
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Figure 5.15. Tour Mode Share by Attitudes Towards Walking
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Figure 5.16. Tour Mode Share by Attitudes Towards Bicycling
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Figure 5.17. Interviewee Quotes about Perceptions of Bicycle Safety
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In addition, a majority of interviewees mentioned negative attitudes towards at least some
bicyclists. These attitudes were widespread throughout the San Francisco Bay Area (Figure
5.18). Reasons for negative attitudes towards bicyclists were similar to the findings of other
qualitative studies from the United Kingdom and Florida (Bassford et al. 2002; Connerly et al.
2006).

Some interviewees were frustrated because they perceived bicyclists to be slowing motor vehicle
traffic:

e “[ think one issue, and it’s a pet peeve for many people in the suburbs...When you have
bike lanes on the major arteries within the suburbs...we have a lot of biking clubs in the
area, and when the bikers are riding five bikes deep, it’s a real issue with the drivers.
And what happens, I wouldn’t call it road rage, but it’s darn close.”

--Female, Age 40-49, Danville

® “When they are packed up so much that their group is larger than the bike lane, and then
they’re slowing traffic down because their pack is kind of taking over the whole lane on
top of their bike lane...yeah, that's a turn-off.” --Female, Age 30-39, Daly City

e “I was areal distance cyclist...so I have a lot of experience cycling, as well...If you don’t
come up into the lane and make your presence known...if you don’t claim your lane,
they’ll just kind of blow by you...and you are inches away from being pushed off the
road. It’s a bit of a balance between claiming your lane and pissing off the driver that’s
coming up on you.” --Male, Age 50-59, San Francisco Fillmore Street

*  “And I know that for bike riders that there...are certain streets that I travel to get to work
that don’t have bike paths because they are in my way when I’m trying to get to work.”
--Female, Age 52, San Carlos

Others were upset because they perceived that bicyclists were breaking laws and riding
recklessly:

e “So I mostly have positive feelings, but there are occasions when it feels like the
bicyclists are breaking the rules of the road and are aggressive about it.”
--Female, Age 50-59, Berkeley

e “There are certain times when bicyclists break the rules of the road and I say, “Wow, you
could really get hurt. And then both of you could get hurt, and boy, wouldn’t that mess
up the driver of the car that hurt you?’ Like it’s mean to put yourself in a position where
you’re breaking the law and you get hit. It hurts you, but it also hurts the person that hit
you.” --Female, Age 50-59, Berkeley

e What is your view of bicyclists? “Usually it’s positive, unless they’re not obeying the
rules of the road. Sometimes bicyclists think that it doesn’t apply to them.”
--Male, Age 30-39, El Cerrito

e “I think the bicycle people need to be aware of where they are--and the traffic--as well as
the vehicles looking out for them also...that they are riding in a safe...in the bike lanes--
not just out there all over the place.” --Female, Age 50-59, Hayward

e “I think [bicyclists] are tempting fate. A lot of them are young—they probably don’t
have cars. But the way they weave in and out and zoom through on yellow lights. You
know, it’s like they are really testing God that He’ll protect them, I guess.”
--Female, Age 60-69, San Francisco Taraval Street
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“I have almost gotten mowed down twice walking on the sidewalk on Van Ness Avenue
by people who were riding their bicycles on the sidewalk. Aaah. One guy came so fast,
and I jumped, and the man behind me thanked me because he hadn’t seen him...you know
that’s against the law, but they don’t seem to get cited.”

--Female, Age 60-69, San Francisco Taraval Street

“Not all, but many bicyclists disobey laws.”

--Male, Age 30-39, San Francisco Mission Street

“[Bicyclists] like to run you over in the Mission.”

--Female, Age 40-49, San Francisco Third Street

Do you know that it is legal for bicyclists to ride in the street? “Yes...And it does make
me mad when they don’t follow the laws, like I have to do...I see them go through stop
signs all the time. ‘Like, come on, you are going to get hit if you don’t stop like you are
supposed to.”” --Female, Age 52, San Carlos

“I guess sometimes the bikers kind of bother me because they don’t really follow the road
rules. Sometimes they do, and sometimes they don’t. So...they go flying in front of my
car sometimes. I’m kind of like, ‘Man, you are above the rules.” At the same time, I
don’t blame them all the time because it’s kind of hard...It would be easier if they had
certain streets just for biking, I think.”

--Male, Age 30, San Francisco Fillmore Street

“[Bicycle behavior can be] infuriating to a driver, not because they aren’t simply obeying
the rules, but because it is astoundingly dangerous. As a driver...I’'m very conscious--
hyper-conscious now--of...looking behind me and to the right for potential bicycles. I've
had situations where I will approach a stop sign...I’'m looking ahead, looking left and
right, and go to make the turn, and a bicyclist comes zooming past me on the right side,
blasts through the stop sign, kicks the fender of the car, curses me out because he’s pissed
because I’'m making the turn. And then I realize [that] he didn't stop. That's a real
problem.” --Male, Age 55, San Francisco Third Street

“Some of these bicyclists are nuts! They are like driving down the middle of the street as
if they were an automobile. And I don’t understand that at all. I don’t know what’s
going through their minds when they do that. I would like to think that bicyclists are
concerned about safety, but I think that [they aren’t].”

--Female, Age 52, South San Francisco

“[As a pedestrian,] I have seen bicyclists run red lights and stop signs with little regard to
cross traffic. Even, just as a practical sense, take a look!”

--Male, Age 50-59, San Francisco Fillmore Street

Some interviewees disliked the attitudes they perceived bicyclists to have:

“When I lived in the City, there are some pretty almost say militant bicyclists, and they
felt like they owned the road maybe even more so than a car because they were on the
bicycle. So that was a turn off with those kinds of people”

--Female, Age 30-39, Daly City

Bicyclists have a “counterculture”/*“anti-authority” attitude.

--Male, Age 30-39, San Francisco Mission Street

“Let’s say I come to a stop sign, and it’s a four way stop. And I start to go, and there’s a
bicyclist that comes up, and the bicyclist doesn’t even...you know, either doesn’t notice
this...I mean acts like /'m being a jerk for going...so glares at me or flips me off or
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something like that...and it's like, “While, you did have a stop sign...and I would let you
go if I had noticed you coming, because I do like to let bicyclists go through...but I didn't
see you coming.’”
--Female, Age 50-59, Berkeley

e “Car versus bike, the bike loses. I think that [bicyclists] realize that because they are in a
less safe traveling situation, that people have to look out for them more, and sometimes
they, you know, just are kind of careless about swerving into the car lane without even
thinking about that there is a car that doesn’t want to hit them, but when they do that kind
of thing it’s scary for the driver, too, not just the bicyclists.”
--Female, Age 30-39, Daly City

While the social attitude variable was tested but not included in the models, the interview
responses and survey summary comparison in Figures 5.15 and 5.16 suggested that promoting
bicycling as a normal, acceptable activity throughout a community may be a way to increase
routine bicycle travel.
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Figure 5.18. Interviewee Quotes about Attitudes towards Bicyclists
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Shopping District Characteristics

Results from the secondary model were similar to the main model for employment density,
population density, and number of automobile parking spaces. However, the secondary model of
tour mode choice included variables representing miles of bicycle facilities, bicycle parking
spaces, and the presence of pay parking on the street adjacent to the survey store.

Employment and Population Density

Employment density had a significant negative relationship with using an automobile on an
entire tour. This suggests that bicycling, in addition to walking and transit use, may have a
greater utility in districts with high concentrations of jobs. Mode-specific parameters were used
to identify the association between population density near the survey store and walking,
bicycling, and taking transit on the respondent tour. The parameter for population density was
not significant in the bicycle utility function. Population density may be important for pedestrian
mode choice because it means that there are more residents within walking distance of stores,
and it may be important for transit mode choice because more people can walk to transit stops if
residents are concentrated nearby. But localized population density may not be as critical for
bicycle mode choice because, relative to pedestrians, bicyclists can access a shopping district
from a greater distance in the same amount of travel time. In addition, bicyclists may prefer
bicycling in areas with lower population densities because they are less likely to have as many
stop signs and traffic lights as higher-density areas. These controlled intersections require
bicyclists to stop and lose momentum.

Length of Bicycle Facilities

The total length of bicycle facilities within the shopping district had a moderately-significant
positive association with respondents bicycling on their tours (Figure 5.19). The model suggests
that a typical respondent would be willing to bicycle for tours that were 1.6 miles (2.6 km)
longer if there was one additional mile (1.6 additional km) of bicycle facilities within the
shopping district.

However, the length of bicycle facilities may have an endogenous relationship with bicycle mode
choice. It is possible that adding bicycle facilities and providing a more complete network of
bicycle facilities in a neighborhood may make it a more attractive place to bicycle, which could
increase bicycling for routine trips. These facilities could also improve public perceptions of the
safety of bicycling and overall cultural acceptance of bicycling, which could potentially increase
the likelihood of bicycling through the attitude and perception factors mentioned above. On the
other hand, communities often add bicycle facilities in areas that already have high bicycle
volumes in order to make conditions more comfortable for existing bicyclists. In this case, a
high level of bicycling would precede the bicycle facilities, so the positive parameter would not
represent a causal relationship.
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Figure 5.19. Tour Mode Share by Length of Bicycle Facilities in Shopping District
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Interviews provided support for the positive association between bicycle facilities and bicycle
mode choice. Interviewees from all parts of the San Francisco Bay Area emphasized that bicycle
facilities made them feel safer from moving traffic and suggested that providing more bicycle
facilities that were separated from automobiles could encourage them to bicycle more (Figure

5.20):

“I like to ride on my bike, but some places in Pleasanton, they don't have a bike lane. It's
not designated or marked prominently, so it’s not really safe.”

--Female, Age 40-49, Pleasanton

“I think that we should more and more encourage people to bike and get off of the car...I
think we should help them out--we should have designated bike lanes and the parking for
bikes and things like that to encourage them to do that.”

--Female, Age 40-49, Pleasanton

“I still would [like bike riding] if I didn’t live in the city...Here there are some [separated
paths for bikes], but there are streets before you get to them [that are uncomfortable to
ride on]...but I like bike riding.” --Female, Age 60-69, San Francisco Taraval Street

“I wouldn’t mind having a bike, but there’s so many cars in the City, and people are
getting hit all the time...there's kind of a safety factor...My work is actually close enough
that I could bike, but...there’s so much traffic and cars, I think it would be scarier than
driving...If there were just one-way streets with just bikes...I would consider biking.”

136



--Male, Age 30, San Francisco Fillmore Street

e “Having been a cop for many years, I’ve worked too many accidents. Whether it’s the
bicyclist’s fault or not, the fact of the matter is, it’s a very vulnerable position to be if you
get in an accident. Again, unless there is public infrastructure that can accommodate
bicycles.” --Male, Age 60-69, Brentwood

e “I do think that...addition of the bike lanes in as many places as possible so that when
people are out on the streets, that the cars are a little bit more aware, and also that when
you are out on the bike, you feel safer.” --Female, Age 50-59, San Carlos

e “Bicycling itself...I would do it if I wasn’t right up next to cars. I would enjoy it. I
wouldn’t be afraid of just falling off a bike--that doesn’t scare me...it’s automobiles. If
there actually were--which I can’t imagine, but I would have to have an open mind--a
separate area for people to bike. Or, I have never been to Davis, but I have heard that
there are streets there that are only for bicycles...If that were done more, I would
bicycle.” --Female, Age 52, South San Francisco

e “It would be easier if they had certain streets just for biking, I think. I think that would
make a lot more people bike, too, or walk. So I think that’s a big factor. They have a lot
of bike lanes here, which is good, but I don’t think I’d personally feel that comfortable
even [bicycling] in the bike lanes.” --Male, Age 30, San Francisco Fillmore Street

The interview quotes provide qualitative support to GPS route choice results from Portland, OR
(Dill and Gliebe 2008) and stated preference survey results from the Vancouver, BC region
(Winters and Teschke 2010). These studies also found that off-street multi-use trails, cycle
tracks separated by a physical barrier from automobile traffic, and quiet residential streets were
preferred over bicycling on roadways with high-speed, high-volume motor vehicle traffic and no
bicycle facilities.

Number of Bicycle Parking Spaces
The number of bicycle parking spaces at the survey store had a slight positive association with
the utility of bicycling and a slight negative association with the utility of taking transit on
respondent tours. This may illustrate that survey respondents tended to treat bicycling and transit
as substitutes, providing similar travel times and levels of comfort. If more secure, convenient
bicycle parking is provided, bicycling may become an attractive alternative for transit customers.
In contrast, if there is no bicycle secure parking, customers may use other modes to travel to
shopping districts. According to one interviewee:

® “Places to park your bike can be a little bit of an issue.” --Female, Age 50-59, Berkeley

The model indicated that respondents would be willing to choose to bicycle for tours that were
0.5 miles (804 m) longer if one additional bicycle parking space was provided at the survey
store.

As with the length of bicycle facilities, bicycle parking may have an endogenous relationship
with bicycle mode choice. For example, adding bicycle parking by a store entrance may make it
a more attractive place to bicycle, which could increase bicycling for routine trips. But store
managers may add bicycle parking after they see bicycles parked to signs, fences, and other
landscaping in order to give their store a cleaner look. In this case, the high level of bicycling
would precede the bicycle facilities.
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Figure 5.20. Interviewee Quotes about Preferences for Bicycle Facilities
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Metered On-Street Parking

The presence of pay parking on the street adjacent to the survey store had a slight negative
association with the likelihood of the respondent using an automobile on their tour (Figure 5.21).
This relationship was found after controlling for the number of parking spaces at the survey
store, which was moderately correlated with the presence of metered parking.

Figure 5.21. Tour Mode Share to Shopping Districts by Presence of Metered Parking
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Stores in districts with metered on-street parking tended to have small parking lots or no parking
lot, so most respondents who drove needed to pay for street parking. Drivers in some districts
may have also chosen to park in more expensive off-street lots and garages. In addition, many
shopping districts with metered parking had a high demand for automobile parking, so lower-
priced street spaces may have taken customers more time to find and required them to walk
longer distances to reach stores. These characteristics combined to make driving less convenient
and more expensive in areas with metered street parking than without metered parking.
According to interviewees:
¢ “I’m not willing to pay two dollars for 15 minutes [for parking in San Francisco]...so I
will definitely end up driving around more to go to...less expensive parking meter
situations, if I know there are certain blocks in that neighborhood that don’t have parking
meters, ’ll try to go find a spot there.” --Female, Age 30-39, Daly City
e “San Francisco is insane...down near the Ferry Building and down on the Embarcadero
area...it’s like a dime for two minutes. I just don’t do it too often. The meters in San
Francisco definitely affect my decisions in what I’m doing...driving and parking.”
--Female, Age 52, South San Francisco
¢ “Parking prices have a lot to do with why I bike up to Downtown Berkeley. You know,
it’s like, I don’t want to pay that much money to park somewhere.”
--Female, Age 50-59, Berkeley

While there is an association between metered street parking and less automobile use, there is
likely to be some degree of endogenaity between these variables because limited automobile

parking may be a barrier to driving but it also may cause agencies to install metered on-street
parking. In addition, shopping districts with metered parking often have other characteristics
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that make driving more difficult and walking, bicycling, and transit more convenient, including
stores clustered more closely together, higher population density in surrounding neighborhoods,
and streets with slower, more congested automobile traffic. Therefore, this variable may be
capturing some associations that were tested but not included in the model.

As a whole, the survey store parking spaces and metered parking variables suggest that shopping
districts with a combination of factors, such as higher-density development, limited off-street
parking, and metered on-street parking tend to support pedestrian, bicycle, and transit use.

Pedestrian and Bicycle Nesting Parameter

The parameter representing the correlation between the choice of walking and the choice of
bicycling was not statistically significant in the mixed logit model (p = 0.88). This suggests that
for travel to the 20 shopping districts in the study, people who chose to walk or bicycle were just
as likely to switch to other modes (transit and automobile) as they were to switch to the other
non-motorized mode if they did not have their original mode available.

This parameter did not have statistical significance, but it was important to test in the model
because walking and bicycling are often grouped together in mode choice analyses. Yet, the data
in this study do not support the claim that pedestrian and bicycle modes are similar and should be
considered as a nested, “non-motorized” choice. This result confirms practical understanding
that each of these modes has different travel speeds and other operating characteristics (Landis,
Petritsch, and Huang 2004), different facility design requirements (AASHTO 1999; AASHTO
2004), different user comfort levels (Figure 5.15 and Figure 5.16), and other distinct
characteristics. While both modes provide physical exercise and do not produce tailpipe
emissions, the model suggests that they should be viewed as separate choices for tours that
include stopping at retail pharmacy stores.

Panel Parameters

The panel error structure was used to account for unmeasured characteristics that may have been
shared between survey participants in each of the 20 shopping districts. While the panel
parameters for each mode were not statistically significant, it was important to use this error
structure to account for potential error due to the multi-level structure of the survey dataset.

Forecasted Effects of Land Use, Urban Design, Attitude, and Perception Changes

The model includes several variables that could be changed through planning practice.
Therefore, as an illustrative example, the model was used to estimate tour mode shares for the
959 respondents who stopped in the 20 shopping districts under different scenarios®. The
scenarios included: 1) doubled population and employment densities in the shopping district; 2)
two additional miles of bicycle facilities within each shopping district; 3) 10 more bicycle
parking spaces, half as many automobile parking spaces at the survey store, and metered on-
street parking in the shopping district; and 4) all of these changes combined (Table 5.13).

® Choice probabilities for each mode were estimated from the model shown in Table 5.12. Panel variable parameters were not
used to estimate mode shares.
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Table 5.13. Forecasted Shopping District Tour Mode Share Under Different Scenarios

(N =959)
Existing Mode Share Potential Changes
1) Doubled 3) 10 New Bike
Population & 2) 2 Additional Spaces, 50% Auto
Base Model |[Employment Miles of Bicycle Parking, & Metered |4) All Changes

Mode Survey Data |Prediction Density Facilities On-Street Parking |Combined
Walk 21.3% 21.3% 22.7% 21.0% 25.9% 27.3%
Bicycle 2.2% 2.2% 2.0% 3.1% 4.5% 6.0%
Transit 9.9% 9.9% 16.7% 9.8% 6.2% 11.7%
Auto 66.6% 66.6% 58.6% 66.1% 63.4% 55.0%
Total 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Based on the model, the combination of all of these changes to the 20 shopping districts could
increase respondent pedestrian mode share from 21% to 27%, increase bicycle mode share from
2.2% to 6.0%, increase transit mode share from 10% to 12%, and decrease automobile mode
share from 67% to 55%. This shift would eliminate 112 of the 639 respondent automobile tours.
Assuming that the typical automobile respondent who shifted modes traveled less than four miles
on his or her tour, this shift would eliminate 247 (2.5%) of the 10,036 respondent vehicle miles
traveled (397 of the 16,150 respondent vehicle kilometers traveled), and 206 (14%) of the 1,519
times respondents parked their automobiles to access a non-home stop. Additional analysis
could identify the types of neighborhoods where these changes would be expected to have the
greatest impact on mode share.

Note that this forecasted mode shift is an illustrative example based on cross-sectional data. The
forecast assumes that each of the variables that are changed would have a direct effect on mode
choice. In addition, the forecast does not account for the process of modifying travel behavior
habits, so it may overstate the potential impact of the changes. The timeframe for each of these
changes is also likely to be different. For example, if space is available, adding new bicycle
parking and bicycle lanes can be done in several weeks, but doubling population and
employment density may take decades to occur.

If the three potential changes were made to all of the survey shopping districts, the model
indicates that respondent travel would become more multimodal. Doing the opposite of these

scenarios (e.g., half population and employment density, no bicycle facilities in shopping district,
no bicycle parking and twice as many store automobile parking spaces, and free on-street

parking in the shopping district) would make respondent travel less multimodal. Figure 5.22
illustrates mode shifts that could occur under more multimodal and less multimodal scenarios
compared to the current respondent mode share. The impacts of each of the three individual
treatments on automobile mode share are presented in Appendix L.
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Figure 5.22. Survey Respondent Mode Shares Under Different Scenarios, Based on Mode

Choice Model for Shopping District Tours (N = 959)
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5.12. POLICY IMPLICATIONS

Results from the main and secondary models are summarized in Figure 5.23 and Figure 5.24.

The attitude, perception, and shopping district variables identified in these models can be

influenced by planning practice. Therefore, certain types of policies may help reduce driving

and increase walking and bicycling to and from shopping districts. For example, designing
“complete streets”—roadways that provide safe and comfortable access for all travel modes—
can make walking and bicycling more attractive. Complete streets designs minimize the number

of automobile travel lanes and include sidewalks and safe street crossings for non-motorized

users. They also include street trees and bicycle facilities within the public right-of-way, both of
which were identified as factors associated with pedestrian and bicycle mode choices. Simply

having better pedestrian and bicycle facilities can also increase the enjoyment of walking and

bicycling. Supplementing complete streets efforts with pedestrian and bicycle promotion
programs may result in even greater increases in enjoyment of these modes.
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While complete streets efforts have focused mainly on roadway design, the significant
association between perceived crime and automobile use suggests that complete streets should
also be places where people do not feel threatened by crime. Personal security could be
improved in and around shopping districts through targeted police crime prevention and
enforcement activities as well as better street lighting.

Complete streets efforts may also have a minimal impact on bicycling to shopping districts if
improvements are only made in isolated locations. Bicycling will be more attractive when there
are extensive, community-wide bicycle facility networks connecting homes, workplaces, and
other activity locations to shopping districts. In addition, shopping districts should have secure
bicycle parking near store entrances when bicyclists arrive.

Providing safer and more comfortable pedestrian and bicycle facilities in and around shopping
districts is only part of the solution to shift automobile travel to walking and bicycling. Model
results show that land use and parking policies are also important for creating communities with
a more balanced tradeoff between the convenience and cost of walking and bicycling relative to
driving. Long-term land use plans should encourage redeveloping activity hubs with a higher-
density mix of housing, offices, retail, schools, and other activities. In particular, shopping
districts that are surrounded by medium- to high-density housing and offices and are served by
complete streets can be reached by more people on foot and bicycle because these people don’t
have to travel far to reach their daily activities. Similarly, including retail stores as a part of
transit-oriented developments can make it possible for people living or working close to a transit
hub to do more of their shopping by walking or bicycling during their daily routine instead of
making special effort on an evening or weekend to drive to a distant mall.
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Figure 5.23. Factors Associated with Walking to and from Shopping Districts
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Figure 5.24. Factors Associated with Bicycling on Tours to and from Shopping Districts
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1) All bicycle respondents enjoyed bicycling.
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Driving could also become less attractive if there is less off-street automobile parking at stores,
offices, apartment complexes, and other activity sites. Parking lot sizes can be reduced by
changing parking regulations from setting a minimum number of off-street spaces to establishing
a desired number of spaces that is appropriate for a pedestrian-, bicycle-, and transit-oriented
zone (e.g., areas that are being planned for dense, mixed-use development that will be served by
high-frequency public transit should provide few off-street automobile parking spaces).
Reducing the land area allocated to automobile parking also makes it possible to cluster
buildings more closely together, creating shorter, more walkable and bikable distances between
building entrances. At the same time, on-street parking spaces that are currently free can be
metered, and the price of on-street parking can be changed to reflect market rates. In many
places this will result in more expensive on-street parking—a change that will provide a better
reflection of the true social cost of using limited public street space to park empty automobiles.

The policies suggested here are important components of an even broader approach to shifting
routine travel from automobile to pedestrian and bicycle modes. The more comprehensive set of
strategies to promote sustainable transportation also includes increasing people’s awareness of
walking and bicycling as travel options and changing their travel habits. This comprehensive
approach is described Chapter 7.

5.13. CONSIDERATIONS AND FUTURE RESEARCH

Several aspects of the analysis of routine travel mode choice to and from shopping districts could
be revised or expanded in the future. These are discussed below. Additional considerations
related to the overall study are described in Chapter 8.

Of all 1,003 customers surveyed, 24 reported using a bicycle as their primary mode to travel to
the store. Since the main model only considered respondents who mapped their entire tour and
made all of their stops in the shopping district, only nine bicyclists were available in the dataset.
This number of bicyclists was not adequate for including bicycle mode choice in the main model.
The secondary model was estimated using full tour data from 21 bicyclists, which is near the
lower limit sample size for including an alternative in a discrete choice model. Therefore, the
factors associated with bicycling in this chapter should be viewed only as early exploratory
findings. More analysis of bicycle use within a discrete choice framework is needed. Future
efforts could either increase the survey sample size or supplement the randomly-chosen
respondents with an additional sample that only targets bicyclists at each store. Both strategies
could gather more responses from bicyclists for more robust statistical analysis.

Some customers in mixed-use shopping districts may have been employed within the shopping
district and traveled to the retail pharmacy before or after work. If a person needed a car at work
to have the flexibility to travel to distant meetings, she or he may have driven to and from the
shopping district, even if they preferred a different mode. This detailed travel information was
not collected in order to keep the intercept survey a reasonable length.

The models in this chapter showed significant associations between shopping district variables
and the likelihood of walking, bicycling, and using transit for retail shopping tours, but they do
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not prove causal relationships. Making retail corridors and surrounding areas more attractive for
non-automobile modes may not increase walking, bicycling, and transit use directly.

Additional research should include longitudinal studies that compare communities where a
particular strategy has been applied (e.g., price on-street parking, increase population and
employment density, install new bicycle lanes and pathways) with control communities.
Documenting differences over time using this type of experiment can help quantify how many
people in a certain type of community may shift from driving to walking, bicycling, or public
transportation after a particular action is implemented.

5.14. CONCLUSION

This study of mode choice to and from shopping districts suggests that planning practice can
help transform communities into places that support walking and bicycling for routine travel.
After controlling for socioeconomic factors, walking to and from shopping districts was
associated with factors such as shorter travel distances, higher population densities, more street
tree canopy coverage, and greater enjoyment of walking. The exploratory analysis of a small
number of bicycle tours found that bicycling was associated with shorter travel distances, more
bicycle facilities, and greater enjoyment of bicycling. People were more likely to drive when
they perceived a high risk of crime, but automobile use was discouraged by higher employment
densities, smaller parking lots, and metered on-street parking. All else equal, shopping districts
located closer to a train station were more attractive for transit users.
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CHAPTER 6. WALK OR DRIVE BETWEEN STORES? FACTORS
SUPPORTING SUSTAINABLE TRANSPORTATION WITHIN SHOPPING
DISTRICTS

6.1. SUMMARY

As communities seek to make their transportation systems more sustainable, it is important to
identify opportunities where walking can be substituted for automobile travel. Many shopping
districts have the potential to support pedestrian trips because travelers may stop at several
locations within relatively close proximity. Even people who drive to a shopping district may
have the opportunity to walk between stores. This chapter uses a mixed logit discrete choice
model to identify factors associated with the choice of walking versus driving between activity
stops within 20 shopping districts in the San Francisco Bay Area. Travel behavior and
supplemental data from 286 retail pharmacy store customers who drove to a shopping district
and then stopped at one or more locations within one-half mile of the store were analyzed. The
91 customers who walked rather than drove within the shopping district tended to travel shorter
distances, carry fewer bags, shop alone, and not have a physical disability. After controlling for
these factors, people were more likely to walk when the main commercial roadway had fewer
driveway crossings, a lower speed limit, and metered parking and when the retail pharmacy store
shared parking with several other establishments.

This analysis adds to the body of knowledge about the characteristics of trips within
developments. Each study shopping district could be considered to be a distinct development for
a traffic impact assessment. If this level of geographic analysis were used, all of the trips
evaluated in this paper would be internal capture trips. Therefore, this paper shows that many of
the internal capture trips within mixed-use shopping districts were actually made by walking,
even though shopping district patrons initially traveled to the shopping district by automobile.
Further, the arrangement of buildings and parking lots as well as the characteristics of the main
roadway within the shopping district can encourage a greater share of the internal trips to be
made by walking rather than driving.

The results suggest two general strategies for encouraging walking within shopping districts: 1)
design pedestrian-friendly commercial streets that have low-speed traffic, limited off-street
parking, and metered on-street parking, and 2) create compact, walkable commercial hubs
around shared parking areas.

6.2. INTRODUCTION

As communities search for ways to make their transportation systems more sustainable, it is
important to identify opportunities where walking can be substituted for driving. Shopping
districts are particularly important because travelers may stop at several locations within
relatively close proximity. Even people who drive to a shopping district may have the
opportunity to walk between stores. The choice of walking versus driving for short distances
between stores is consequential. Driving requires using roadway travel lanes and taking up a
parking space at each activity stop. In contrast, walking is a good form of exercise and uses less
space, so it can be served by less roadway and parking infrastructure.
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6.3. PURPOSE

The purpose of this chapter is to provide planners and developers with more information about
the characteristics of shopping districts that support walking versus driving between stores. This
information can be used to promote roadway corridor and site designs, land use regulations,
parking pricing, or other policies that may be effective at increasing walking. Therefore, this
paper explores the following research question: What travel, socioeconomic, attitude,
perception, street, and site characteristics are associated with walking rather than driving
between activities within the same shopping district?

6.4. LITERATURE REVEIW

Several categories of factors have been identified as being positively associated with pedestrian
mode choice, including travel, socioeconomic, attitude and perception, and local environment
characteristics. These relationships are described in the general literature review in Chapter 2.

A limited number of studies have focused specifically on walking for shopping purposes. Most
highlight the influence of travel factors and socioeconomic factors on pedestrian mode choice. A
nested logit model based on data from the San Francisco Bay Area Travel Survey showed that
walking for home-based shopping trips was positively associated with shorter travel times and
living in a household without a motor vehicle (Purvis 1997). Shorter distances to shopping
opportunities were also cited as an important characteristic that supported walking in traditional
(i.e., more mixed land use, greater transit service, more connected street pattern) Austin, TX
neighborhoods (Shriver 1997). A study of six traditional shopping districts in the Berkeley and
Oakland, CA area found that respondents who lived closer were more likely to walk to the
shopping district. Residents who lived close to shopping areas but still drove were likely to be
purchasing groceries or specialty food items (Steiner 1998). Carrying heavy goods was cited as
the most common reason for choosing to drive rather than walk on shopping trips less than five
miles in five London study areas. Travel distance was the second-most common reason
(Mackett 2003). After controlling for trip distance, level of urbanization, and socioeconomic
characteristics, respondents in the Seattle, WA region were less likely to walk than drive on short
trips made for shopping. They were more likely to walk than drive when traveling for school,
eating out, and social/recreational purposes (Kim and Ulfarsson 2008). The authors suggest that
the need to carry groceries and other packages on shopping trips may discourage walking.

Note that most of these studies focus on shopping trips originating at home. The small amount
of research on shopping-related pedestrian travel provides little information about why people
choose to walk instead of drive within shopping districts. In addition, few shopping studies have
explored land use, site and roadway design characteristics that may be associated with walking.

This analysis of walking within shopping districts also builds on the relatively new body of
research on factors associated with internal capture trips, or trips contained completely within
developments. A study of mixed-use developments in six U.S. regions found that 29% of trips
generated and attracted by these areas had no impact on the external automobile roadway
network (Ewing et al. 2010). On average, 18% of trips were made entirely within the
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development area, 6% of trips that left the development were done by walking, and 6% of trips
that left the development were by transit. Examination of 239 mixed-use developments across
the six regions showed that trips were more likely to be captured internally when the
development had a more balanced mix of jobs and population, and analysis of 64 mixed-use
developments in two regions revealed that internal capture was associated with higher floor area
ratios for all properties and a greater diversity of land uses in the development. While many of
these internal trips were likely to be made by walking, pedestrian mode shares within the
developments were not reported.

6.5. METHODOLOGY

Information about the study area, survey distribution times and techniques, survey participant
characteristics, and number of surveys completed by store location was provided in Chapter 3.
The sections below focus specifically on the characteristics of survey participants who traveled
between stops within shopping districts and how these movements were analyzed during the
modeling process.

Travel Within Shopping Districts

This chapter explores why survey respondents chose to walk or drive between non-home stops
within one-half mile of the retail pharmacy store. In order to represent this choice accurately, the
analysis only considers people who drove to the shopping district and had an automobile with
them. The people who walked on their entire tour were not included in the analysis because they
did not have the option of driving (taking a taxi was not considered to be a realistic choice within
the shopping district for people who had already walked there). In addition, people who bicycled
or took transit to the shopping district or were dropped off by automobile in the shopping district
were also removed from consideration. Therefore, the analysis uses data from 286 respondents
who had an automobile available to them for traveling between stops in the shopping district.
Characteristics of these 286 respondents are provided in Table 6.1. 124 (43%) of the
respondents made all of their non-home stops within the shopping district, while 162 (57%)
made at least one other non-home stop outside of the shopping district.

Table 6.2 shows how the respondents who drove to the shopping district and had an automobile
with them traveled within the shopping district. Overall, 91 (32%) of the 268 respondents
walked within the shopping district (walking was the mode they used for the greatest distance),
while 195 (68%) drove. However, there were notable differences in the choice of walking versus
driving by type of shopping district. Urban Core shopping districts had the greatest percentage
of respondents who walked (72%), and Suburban Thoroughfare shopping districts had the
smallest percentage who walked (18%).

Travel characteristics, socioeconomic characteristics, attitude and perception, and shopping
district characteristics were compared for the 91 respondents who walked within the store
corridor and the 195 respondents who drove (Table 6.3). Based on these univariate relationships,
the estimated travel time and number of stops within the shopping district appeared to have a
significant association with the choice of walking or driving. Respondents were more likely to
walk when there were longer travel times for driving and more likely to drive when there were
longer travel times for walking. They were also more likely to walk when they made more stops.
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Several of the socioeconomic characteristics had significant associations: females, people who
were unemployed, and people who were retired were more likely to drive and higher-income
respondents were more likely to walk. The only attitude or perception variable that had a slight
association with walking was respondent perception that their neighbors had a negative view of
walking, which was counterintuitive. Many shopping district characteristics showed an
association with walking versus driving within the district. Employment density, population
density, commercial property density, intersection density, on-street parking coverage, tree
coverage, metered parking, and the total number of parking spaces near the survey store were
associated with walking. Greater values for roadway width, buffer and median coverage,
number of lanes, automobile traffic volume, driveway crossings, posted speed limit, survey store
size, and the survey store being a part of a multi-store shopping complex were associated with
driving.

Overall, the strongest associations with the choice of walking versus driving appeared to be with
travel time, number of stops within the shopping district, and many shopping district
characteristics. However, this initial comparison did not account for the simultaneous effects of
different variables or control for correlations between explanatory variables. For example,
several shopping district characteristics were correlated (p > 0.5 or p < -0.5), such as
employment density and commercial property density or population density and intersection
density. Many commercial roadway characteristics within the shopping districts were also
correlated. Commercial roadway width was positively correlated with number of lanes, median
coverage, automobile traffic volume, posted speed limit, and average building setback and
negatively correlated with on-street parking coverage and metered on-street parking. These
correlations made it challenging to understand the complex relationship between these variables
and to identify which of the variables actually had a significant association with the choice of
walking or driving. Factor analysis was one approach used to explore these relationships.
However, further analysis in this paper used a multivariate mixed logit modeling approach to
explore associations between specific variables and walking or using an automobile within the
shopping district.
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Table 6.1. Completed Surveys and Participant Characteristics by Shopping District (N=286)

Participant Characte ristics’

Survey Location Completed Surveys Language Gender Age Group Size
Store
Response Shop

Name County Weekday| Saturday Total Rate’ Spanish %| Female % Male % 18-34 % 35-64 % 65+ % Alone %
Berkeley Alameda 5 6 11 17.3% 0| 00% 11}100.0% 0] 00% 3| 27.3% 6| 54.5% 2| 18.2% 7| 63.6%
Oakland Alameda 2 5 7|  27.4% 2| 28.6% 5| 71.4% 2| 28.6% 2| 28.6% 5| 71.4% 0| 0.0% 6| 85.7%
Hayward Alameda 6 12 18] 30.5% 3| 16.7% 12| 66.7% 6| 333% 6| 33.3% 10| 55.6% 2| 11.1% 9| 50.0%
Fremont Alameda 7 6 13| 21.8% 0| 00% 8| 61.5% 5| 38 5% 1 7.7% 8| 61.5% 4| 30.8% 12] 92.3%
Pleasanton Alameda 8 13 21 23.1% 0] 00% 15| 71.4% 6| 28.6% 3| 14.3% 13| 61.9% 5| 23.8% 14| 66.7%
Danville Contra Costa 11 14 25| 28.7% 0] 00% 16| 64.0% 9| 36 0% 5| 20.0% 12 48.0% 8| 32.0% 22| 88.0%
Brentwood Contra Costa 5 10 15 27.1% 1 6.7% 8| 53.3% 7| 46.7% 5| 33.3% 9| 60.0% 1| 6.7% 6| 40.0%
Concord Contra Costa 11 6 17, 21.3% 1] 59% 12| 70.6% 5| 29.4% 4] 23.5% 11| 64.7% 2| 11.8% 13| 81.3%
Richmond Contra Costa 4 9 13| 26.7% 3| 23.1% 8| 61.5% 5[ 38 5% 4] 30.8% 8| 61.5% 1| 7.7% 6| 54.5%
El Cerrito Contra Costa 5 9 14 20.2% 1 7.1% 10| 71.4% 4] 28.6% 0| 0.0% 11{ 78.6% 3| 21.4% 11| 78.6%
SF--Market St. San Francisco 1 2 3 15.5% 0] o00% 1] 33.3% 2| 66.7% 2| 66.7% 1f 33.3% 0l 0.0% 1] 33.3%
SF--Fillmore St. |San Francisco 5 5 10, 19.1% 0] 00% 6] 60.0% 4] 40 0% 2| 20.0% 7| 70.0% 1] 10.0% 9| 90.0%
SF--Taraval St. San Francisco 5 8 13| 20.7% 0] 00% 6] 46.2% 7| 53 8% 4] 30.8% 7| 53.8% 2| 15.4% 11| 84.6%
SF--Mission St.  |San Francisco 4 1 5| 23.9% 2| 40 0% 4] 80.0% 1{ 200% 2| 40.0% 2| 40.0% 1{ 20.0% 3] 60.0%
SF--Third St. San Francisco 8 9 17, 28.8% 0] 00% 12| 70.6% 5[ 29.4% 2| 11.8% 13| 76.5% 2| 11.8% 14| 82.4%
S. San Francisco |San Mateo 7 8 15 19.3% 1 6.7% 10| 66.7% 5| 333% 0| 0.0% 11{ 73.3% 4] 26.7% 11} 73.3%
Daly City San Mateo 4 2 6 16.6% 0] o00% 5] 83.3% 1f 16.7% 2| 33.3% 4| 66.7% 0l 0.0% 6[100.0%
Burlingame San Mateo 6 11 17| 25.8% 0] oo% 15] 88.2% 2| 118% 5| 29.4% 12| 70.6% 0| 0.0% 12| 70.6%
San Mateo San Mateo 15 11 26| 19.2% 1| 38% 17] 65.4% 9| 34.6% 6| 23.1% 15| 57.7% 5| 19.2% 20| 76.9%
San Carlos San Mateo 11 9 20 21.4% 0] oo0% 15] 75.0% 5| 25 0% 3| 15.0% 14{ 70.0% 3| 15.0% 15| 75.0%

Total 130 156 286] 21.9% 15| 52% 196| 68.5% 90| 315% 61| 21.3% 179| 62.6% 46| 16.1% 208| 73.5%

1) Response rate was calculated as (Number of surveys/Total number of people invited to participate in survey).
2) The total number of surveys in particular categories maynotsum to 286 because of non-response to certain questions.



Table 6.2. Mode Choice Within Shopping District for Respondents who Drove to the

Shopping District

1. Urban Core

Mode Share Within Sho

pping District"

Shopping District Walk Automobile
SF-Market St. 3 100.0% 0.0%
SF-Fillmore St. 10 60.0% 40.0%
SF-Mission St. 5 80.0% 20.0%
Cluster Average 18 72.2% 27.8%

2. Suburban Main Street

Mode Share Within Sho

pping District’

Shopping District N Walk Automobile
Berkeley 11 36.4% 63.6%
Oakland 7 0.0% 100.0%
Richmond 13 61.5% 38.5%
SF-Taraval St. 13 46.2% 53.8%
SF-Third St. 17 17.6% 82.4%
Daly City 6 16.7% 83.3%
Burlingame 17 52.9% 47.1%
San Mateo 26 46.2% 53.8%
Cluster Average 110 39.1% 60.9%

3. Suburban Thoroughfare

Mode Share Within Sho

pping District’

Shopping District N Walk Automobile
Hayward 18 0.0% 100.0%
Fremont 13 23.1% 76.9%
Danville 25 28.0% 72.0%
Brentwood 15 6.7% 93.3%
Concord 17 11.8% 88.2%
El Cerrito 14 21.4% 78.6%
San Carlos 20 30.0% 70.0%
Cluster Average 122 18.0% 82.0%

4. Suburban Shopping Center

Mode Share Within Sho

pping District®

Shopping District N Walk Automobile
Pleasanton 21 28.6% 71.4%
S. San Francisco 15 46.7% 53.3%
Cluster Average 36 36.1% 63.9%
Overall Mode Share Within Shopping District’

N Walk

Automobile

Overall Average

286 31.8%

68.2%

1) Survey respondent transportation mode share indicates whether the respondent
walked or traveled by automobile in the survey shopping district. The mode represents
the type of transportation used for the greatest distance on trips between stops
located within the shopping district. It only considers respondents who traveled to the
shoppingdistrict by automobile, and therefore, had an automobile available. Cluster
average is weighted average of individual store data based on surveys per store (2009).



Table 6.3., Part 1. Univariate Relationships with Walking or Driving in the Shopping

District

Walked Within Shopping

Drove Within Shopping

P-value,

Travel Characteristics District (N=91) District (N=195) T-Stat two tail]Significa nce’
Mean Tour Distance (km)2 28.2 19.9 1.40 0.16 +
Median Tour Distance (km)2 12.2] 10.0| n/a n/a n/a
Mean Shopping District Travel Distance (km)3 0.40) 0.62 -3.48 0.00] ---
Mean Shopping District Auto Travel Time (min.)* 4.27| 3.25 2.08 0.04] +++
Mean Shopping District Walk Travel Time (min.)” 6.38) 11.50 -6.00 0.00] ---
Mean # of Tour Stops5 4.8] 4.8 -0.05 0.96
Median #ofTourStops5 4.0 4.0 n/a n/a n/a
Mean # of Shopping District Stops6 2.6 2.4 2.04 0.04 4+
Carried No Bags 11.0% 16.4% -1.28 0.20]
Carried 2+ Bags 19.8% 25.6% -1.12] 0.26
Shopped Alone 73.6% 72.3% 0.23] 0.82
Shopped on Saturday 51.6% 55.9% -0.67 0.51

Walked Within Shopping Drove Within Shopping P-value,
Socioeconomic Characteristics District (N=91) District (N=195) T-Stat two tail Significance1
Female 61.5% 71.8% -1.69 0.09 --
Took Survey in Spanish 3.3% 6.2% -1.12 0.26
Between Age 18-34 26.4% 19.0% 1.36 0.18] +
Over Age 64 13.2% 17.4% -0.95 0.34]
Unemployed 8.8% 17.0% -2.02 0.04] ---
Student 5.5% 7.7% -0.72 0.48]
Retired 8.8% 17.5% -2.14 0.03 -
Had a Physical Disability 14.3% 19.0% -1.01 0.31
Had No Children 67.0% 59.0% 1.32 0.19 +
Was Single 25.3% 19.5% 1.07, 0.28]
Lived in a Group House 7.7% 7.2% 0.15 0.88]
Lower-Income Household (<$50,000/yr) 30.5% 39.0% -1.36) 0.18 -
Higher-Income Household (>$100,000/yr) 40.2% 28.8% 1.69 0.09, ++

Walked Within Shopping Drove Within Shopping P-value,
Attitude & Perception Characteristics District (N=91) District (N=195) T-Stat two tail|Significa nee’
Enjoyed Walking 85.7% 84.1% 0.36) 0.72
Perceived General Risk of Crashes to Pedestrians 22.0% 19.5% 0.48] 0.63
Thought Neighbors had a Negative View of Walking 14.9% 8.6% 1.45] 0.15 +
Perceived Risk of Crime to Pedestrians in Shopping Dist. 7.7% 9.8% -0.58 0.56)
Perceived Risk of Crashes to Pedestrians in Shopping Dist. 11.0% 10.5% 0.19 0.85

Walked Within Shopping Drove Within Shopping P-value,
Shopping District Characteristics District (N=91) District (N=195) T-Stat two tail Significance1
Average # of Jobs in Shopping District 9100 3610 2.05 0.04 4+
Average # of Residents within 1/10 mi. (161 m) of Survey Store 360 270 2.69 0.01 +++
Average #of Commercial Properties within 1/4 mi. (402 m) of Survey Store 65.8 42.9 3.27 0.00] +++
Average ROW Tree Coverage in Shopping District 9.02% 8.08% 1.56] 0.12 +
Average # of Intersections in Shopping District 114 103 2.80) 0.01 ++H+
Average Commercial Road Width (m) 20.8 24.4 -5.20) 0.00 ---
Average Commercial Road Buffer Coverage 8.1% 17.9% -3.36 0.00] —
Average Commercial Road On-Street Parking Coverage 62.9% 50.9% 2.44 0.02 4+
Average Commercial Road Median Coverage 44.6% 66.2% -4.13 0.00] —
Average Commercial Road # of Auto Lanes 3.6 4.3 -4.60) 0.00 ---
Average Commercial Road AADT 19200} 26900 -6.79 0.00] -
Average Commercial Road Driveway Crossings per km 12.3] 18.8| -4.76 0.00 ---
Average Commercial Road Posted Speed 28.5 31.3 -4.69 0.00 ---
Average Commercial Road Building Setback 28.5 34.4 -1.64 0.10] -
Average Commercial Road ROW Tree Coverage 8.8 7.7 1.80) 0.07| ++
Average Commercial Road Crossing Width (m) 20.4] 23.8] -4.15 0.00] -
Average Distance Across Streets Intersecting Commercial Road (m) 12.7, 13.3 -1.57 0.12] -
Average Survey Store Gross Floor Area (sq. m.) 1270 1380 -1.68 0.10] --
Survey Store is in a Multi-Store Shopping Complex 45.1% 57.9% -2.04] 0.04 ---
Survey Store has a Drive-Through Pharmacy 27.5%) 35.9% -1.44] 0.15 -
Average #of Parking Spaces within 1/10 mi. (161 m) of Survey Store 355 316 2.10 0.04 +++
Shopping District had Metered On-Street Parking 52.7%) 29.2% 3.80 0.00 4+
Median Hourly On-Street Parking Rate $0.59 $0.19 3.88 0.00| 4+
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Table 6.3., Part 2. Univariate Relationships with Walking or Driving in the Shopping
District: Footnotes

1) Statistical significance is for a t-test of the difference between two sample means (walking vs. driving) with
unequal variance using Welch's method. Forvariable values where walking > driving, +++indicates significant
difference (p <0.05), ++ indicates moderately significant difference (p <0.10), and + indicates slightly significant
difference (p < 0.20). Forvariable values where driving > walking, --- indicates highlysignificant difference (p <0.01),
--indicates significant difference (p < 0.05), - indicates moderately significant difference (p <0.10), and (-) indicates
slightly significant difference (p <0.20). The p-value calculations are for a two-tail test (in order to test forany
difference between means; one mean was notassumed to be greaterthan orless than the other prior to the
comparison).

2) Tour distance includes the total length of travel between home and all stops thatthe respondent made before
returning home.

3) Shopping district distance includes the total length of travel between all stops within the shopping district,
starting with the first stop and ending atthe last stop in the shopping district.

4) Automobile and walk travel times within the shopping district were estimated using Google Maps based on actual

stop locations.

5) Stops include all non-home activity locations on the respondent's tour plus returning to home (i.e., total stops =
non-home stops + 1).

6) Stops include all non-home activity locations within the shopping district. This onlyincludes stops that were

made sequentially.

Statistical Modeling

The mixed logit model is a useful discrete choice model structure that can account for panel data,
such as groups of surveys collected at several different stores (Train 2009). The mixed logit
model assumed that each customer n of the N = 286 respondents chose the mode i of the I =2
alternatives that maximized his or her utility. Each respondent was surveyed at store g of the Q
= 20 stores, so the model was also structured to capture similarities between the modes chosen
by individuals at each store. This multi-level data structure has been developed previously for a
mixed logit model (Bhat and Gossen 2004).

The utility of a respondent choosing each mode (i = 1, 2) to travel to and from a particular store
was expressed in the following equations:

Uqln = a;+ ﬁquln +V1Vq1 T €q1n (D
Uq2n = a; + ﬂZXan +V2Vq2 t Eq2n ()

Where:

® «; are mode-specific constants.

® X,in are column vectors of known variables (travel, socioeconomic, attitude, perception,
and shopping district variables). Certain variables are generic (e.g., used in the column
vectors for both modes), while other variables are mode-specific (e.g., only used in the
column vector for one mode).

e [ are row vectors of coefficients that quantify the relationship between each known
variable and the observed utility of choosing each mode i.

® v4; and v, are variables representing the unobserved correlated error between people
who used mode 1 or 2 and took the survey at each of the 20 stores. These variables are
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assumed to be distributed independently identically normal across stores but constant
across individuals who use the same store. It is possible that respondents at the same
store had similar preferences that are not captured by the known variables, so it is
important to control for this effect in the model.
e y; are coefficients that quantify the variance of the store-level error for each mode i.
® &4in are unobserved error terms. These errors are assumed to be independently and

identically distributed type 1 extreme value across individuals.

The unconditional probability of customer n selecting mode i to travel to and from store g was
expressed as:

ePiXqintYivgi

£ (vg)dvg 3)

Poin =
qn ePiXqintYjvqj

quz—oo Z§66n=1
Where:

® The variables v4;and vy, are independent.

® v, is a vector of the variables v and vg;, such that f(v4)= e, f (vqi).

® ¢ is the standard normal density function (=0, o = 1).

* f(vg) =p(vy1) P(vy)

e (, is the set of mode choices out of (i = 1, 2) available to individual n. Note that all

respondents considered for this model had walk and automobile modes available.

The unconditional likelihood function for the full sample of respondents is:

L=T10m1 by oo o oo it [Pain GICDO] ™ £ (v41)f (vVa2) dvrdve 4)

q=1 'Uql

Where:

¢ Qs the number of stores, where each specific store is designated by ¢ =1, 2, 3,..., 20.

® N, is the number of respondents in the dataset from store g, where each individual
respondent is designated by n =1, 2, 3...

¢ [is the number of modes considered in the analysis, where each specific mode is
designated by i =1, 2.

®  Ygin 18 an indicator function that is 1 if person n at store g chooses mode i and 0
otherwise.

BIOGEME software was used to estimate the models (Bierlaire 2003). This software applied
simulation techniques to approximate the integrals in the likelihood function. The software
reported the parameter estimates of a, £, and y that maximized the logarithm of the likelihood
function.

155



6.6. ANALYSIS

More than 50 variables were considered as factors that could potentially be associated with
traveling within the shopping district by walking rather than driving. These variables were
derived from responses to the intercept survey, aerial photographs, Census data, and field
observations. Descriptive statistics for several key independent travel, socioeconomic, attitude,
perception, and store area variables considered during the analysis are provided in Table 6.4.

A series of models was estimated using different combinations of these explanatory variables.
All 50 variables were tested in the first few models, but certain variables emerged as having
consistently high statistical associations with walking versus driving within the shopping district
during the process of estimating different models. Variables that showed consistent statistical
significance were included in the final model.

Correlation between Predictive Variables

Many of the predictive variables considered during the modeling process were correlated. In
general, variables with high correlations (p > 0.5 or p < -0.5) were not included in the same
model. However, the variable representing shopping districts where the survey store was in a
multi-store shopping complex was moderately correlated with the posted speed limit variable (p
= (0.65) and the metered parking in the shopping district variable (p = -0.62). In addition, posted
speed limit was moderately correlated with metered parking in the shopping district (p = -0.65).
The parameter estimates for these three variables remained relatively consistent when different
combinations of variables were included in different model alternatives, so they were assumed to
represent different aspects of the choice of walking versus driving.

Model Significance

The final mixed logit model included 12 parameters corresponding with 10 independent
variables and a constant. Overall, the model log-likelihood (-121) was relatively high compared
with the log-likelihood value for no model (-198) and the log-likelihood value of a model with
only constants (-173). Its adjusted rho-squared value was 0.323 (Table 6.5). The model
predicted the mode chosen by 78.3% of the survey participants correctly.

Parameter estimates were provided for theoretically-important variables with p-values < 0.30.
However, parameters were considered to be highly significant for p < 0.01, significant for

0.01 < p <0.05, and moderately significant for 0.05 < p < 0.10. Parameters with 0.10 < p < 0.20
were not considered to be statistically significant but were interpreted as indicating a slight
association between the explanatory variable and mode choice. Parameter estimates with

p <0.10 are highlighted in Table 6.5.
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Table 6.4., Part 1. Variables Considered for Statistical Models:
Travel and Socioeconomic Factors

Travel Factors

Summary Statistics’

Variable Name Description Sample Size Mean| Std. Dev.| Minimum | Maximum
Auto Distance Estimated travel distance by automobile (km)2 286 0.578 0.467 0.161 3.057|
Auto Time Estimated travel time by automobile (Minutes)3 286 3.579 2.992 0.150] 23.000
Auto Cost Estimated total automobile cost (DoIIars)4 286 0.299 0.845 0.010| 7.070
Walk Distance Estimated travel distance by walking (km)5 286 0.931 0.730 0.161 6.436
Walk Time Estimated travel time by walking (Minutes)6 286 9.874 7.391 1.000| 41.000|
Total Tour Distance Actual total tour distance (km)7 286] 22.560| 36.722 0.479| 387.816
Total Tour Number of Stops |Total tour stops (including returning home)8 286 4.843 1.881 3.000f 17.000
Miles in Shopping District  [Travel distance between firstand laststop in shop. dist. (km)’ 286 0.554 0.488 0.051 3.255
Stops in Shopping District Number of stops within shopping district™® 286 2.483 0.815 2.000 7.000|
No Bags Carrying O bags (1=Yes, 0=No) 286 0.147 0.355 0.000 1.000|
2+ Bags Carrying 2 or more bags (1=Yes, 0=No) 286 0.238| 0.427 0.000| 1.000]
Shopping Alone Shopping alone (group size =1) (1=Yes, 0=No) 285 0.730 0.445 0.000 1.000
Cool Temperature Temperature <60° F (<16° C) (1=Yes, 0=No) 286 0.087| 0.283 0.000| 1.000]
Saturday Survey was on Saturday (1 =Yes, 0=No) 286 0.546) 0.499 0.000| 1.000]
Respondent Socioeconomic Factors Summary Statistics'
Variable Name Description Sample Size Mean| Std. Dev.| Minimum | Maximum
Female Female 286 0.685 0.465 0.000 1.000|
Spanish Speaker Survey completed in Spanish (1=Yes, 0=No) 286 0.052 0.223 0.000| 1.000
Young Adult Young adult (age 18to 34) (1=Yes, 0=No) 286 0.213 0.410 0.000| 1.000
Middle Age Middle-age adult (age 35-64) (1=Yes, 0=No) 286 0.626 0.485 0.000| 1.000|
Senior Citizen Senior citizen (over age 64) (1=Yes, 0=No) 286 0.161 0.368 0.000| 1.000
Employed Employed (includes employed students) (1=Yes, 0=No) 285 0.667| 0.472 0.000| 1.000]
Unemployed Unemployed (1=Yes, 0=No) 285 0.144 0.352 0.000 1.000
Student Student (includes employed students) (1 =Yes, 0=No) 285 0.070 0.256 0.000| 1.000|
Retired Retired (1=Yes, 0=No) 285 0.147| 0.355 0.000] 1.000
Homemaker Homemaker (1=Yes, 0=No) 285 0.028] 0.166 0.000| 1.000
No-Child Household Household with 0 children (1=Yes, 0=No) 286 0.615 0.487 0.000| 1.000|
Single Adult Household with a single adult (1=Yes, 0=No) 286 0.213 0.410 0.000| 1.000
Group House Household with 4 or more adults (1 =Yes, 0=No) 286 0.073 0.261 0.000| 1.000|
Lower Income Household income less than $50,000 per year (1 = Yes, 0 = No) 259 0.363 0.482 0.000 1.000
Higher Income Household income more than $100,000 per year (1 = Yes, 0 = No) 259 0.324 0.469 0.000 1.000
Disability Has a physical disability (self-reported) (1=Yes, 0=No) 286 0.175 0.381 0.000| 1.000]
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Table 6.4., Part 2. Variables Considered for Statistical Models:
Attitude & Perception and Shopping District Factors

Respondent Attitude & Perception Factors

Summary Statistics®

Variable Name Description Sample Size Mean|Std. Dev.| Minimum| Maximum
Enjoy Walking Respondent enjoys walking (1=VYes, 0= No)11 286 0.846 0.361 0.000 1.000
General Walk Crash Risk Perceive walking to be risky (in general) (1 = Yes, 0 = No)"* 286 0.203 0.403 0.000 1.000
Negative Walk Culture People in nbhd. have neg. view of walking (1 = Yes, 0 = No)"" 272 0.107 0.309 0.000 1.000
Nbhd. Walk Crime Risk Perceieve high crime risk if walking in shop. dist. during day (1 =Yes, 0=No)"! 284 0.092 0.289 0.000 1.000
Nbhd. Walk Crash Risk Perceieve high crash risk if walking in shop. dist. during day (1= Yes, 0 =No)** 281 0.107 0.309 0.000 1.000
Shopping District Factors Summary Statistics’
Variable Name Description Sample Size Mean|Std. Dev.| Minimum| Maximum
Population Density Total population living within 0.1 mi. (161 m) of store (00s)"> 286| 2.974] 2250 0.566| 12.226
Employment Density Total number of jobs within 0.5 mi. (804 m) (OOOs)13 286 5.362| 14.837 0.195| 145.200
Commercial Density Total number of commercial properties within 0 25 mi (402 m)** 286 50.2 48.7 6.0 272.0
Sidewalk Coverage Proportion sidewalk coverage on multilane roadways15 286 0.891 0.120 0.536 1.000
Slope Average percent slope along multilane roadways16 286 2.806 4.756 0.622| 22.093
Bike Facility Density Miles of bicycle facilities within 0.5 mi. (804 m)17 286 2.001 2.018 0.000 6.330
Intersection Density Number of street intersections within 0.5 mi. (804 m) 286 107 30 56 174
Shopping District Tree Coverage |Proportion of shopping district right-of-way covered by tree canopy 286 8.4 4.8 1.0 15.0
Commercial Road Width Curb-to-curb width of commercial roadway adjacent to store (m)'® 286 233 5.4 11.6 32.5
Commercial Road Buffer Coverage |Proportion buffer coverage along commercial roadwaym'19 286 0.148 0.270 0.000 0.774
Commercial Road Parking Coverage| On-street parking coverage on adjacent roadway™>*° 286| 0547 0388] 0000 1.000
Commercial Road Median Coverage | Proportion of commercial roadway segments with raised medians*® 286 0.593 0.401 0.000 1.000
Commercial Road Auto Lanes |Average adjacent roadway number of travel lanes'®”" 286 4.077] 1155 2.000] 5997
Commercial Road AADT Traffic volume (AADT) on roadway adjacent to store™ 286 24461 10453 9771 50500
Commercial Road Driveway Crossings | Major driveway or alley crossings per mile along commercial roadway® *° 286 26.9 19.2 0.0 72.1
Commercial Road Speed Limit | Average posted speed limit along adjacent roadway (MPH)18 286 30.4 4.9 25.0 37.5
Commercial Road Building Setback |Average building setback along adjacent roadway (m)m'22 286 9.9 8.3 0.0 25.7
Commerecial Road Tree Coverage|% of adjacent roadway right-of-way covered by tree canopy'®** 286 8.0 4.6 2.1 16.2
Commercial Road Crossing Distance|] Average commercial street pedestrian crossing distance (m)*®* 286 22.7 6.2 12.5 35.7
Crossroad Crossing Distance |Average crossroad pedestrian crossing distance (m)**?* 286 13.1 3.3 6.7 20.1
Store Square Meters Gross area of store building (square meters) 286 1342 480 493 2338
Multi-Store Shopping Complex |Survey Store is in a Multi-Store Shopping Complex”® 286| 0539 049| 0000 1.000
Drive-Through Pharmacy Store has a drive-through pharmacy window (1 = Yes, 0 = No) 286 0.332 0.472 0.000 1.000
Store Parking Spaces Spaces in the store parking lot (includes shared parking) (00s) 286 1.514 1.442 0.000 4.420
Nearby Parking Spaces Number of possible parking spaces within 0.1 mi. (161 m) of survey store 286 329 147 126 614
Pay Parking on Road Presence of pay parking within 0.1 mi. (161 m) (1 = Yes, 0 = No)** 286] 0367 0.483]  0.000 1.000]
Median Parking Price Median weekday mid-day on-street hourly parking rate within 0.1 mi. (161 m) ($)°® 286 0.318 0.681 0.000 3.500
Store Setback Distance Distance from store door to public sidewalk (m)27 286 21.3 22.9 1.0 90.0
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Table 6.4., Part 3. Variables Considered for Statistical Models: Footnotes

1) Non-responses were removed. This is reflected in the sample size for each variable.

2) Travel distance by automobile represents the estimated distance that the customer would need to travel by automobile from
the first stop in the shopping district to his or her last stop in the shopping district. Itrepresents the shortesttime route selected
by Google Maps directions.

3) Travel time by automobile represents the estimated total time that the customer would need to travel by automobile from the
first stop in the shopping district to his or her the last stop in the shopping district. Assumptions used to calculate respondent
travel times are provided in Appendix K.

4) The total estimated automobile cost represents the sum of the expected out-of-pocket gas and parking costs paid bya
respondent driving within the shopping district. Assumptions used to calculate respondent travel costs are provided in Appendix
K.

5) Tour distance by walking represents the estimated distance that the customer would need to travel by walking between all of
his or herstops in the shopping district plus the distance required to return back to the first stop to get his or hercar. It represents
the shortest time route selected by Google Maps directions.

6) Tour travel time by walking represents the estimated total time that the customer would need to travel by walking between all
of his or her stops in the shopping district plus the distance required to return back to the first stop to get their car. Assumptions
used to calculate respondent travel times are provided in Appendix K.

7) Tour distance includes the total length of travel between home and all stops that the respondent made before returning home.
8) Tour stops include all non-home activity locations on the respondent's tour plus returning to home (i e., total stops = non-home
stops +1).

9) Shopping district distance includes the total length of travel between all stops within the shopping district, starting with the
first stop and ending at the last stop in the shopping district.

10) Shopping district stops include all non-home activity locations within the shopping district. This onlyincludes stops that were
made sequentially on the respondent's tour.

11) Agreement with the statementincluded two of the five categories on a 5-point Likert scale (e g., "Agree" or "Strongly Agree").
12) Total population within 0.1 mi. (161 m) of the survey store is calculated from 2000 census block group population data. The
calculation of population onlyincluded portions of census block groups within the 0.1-mi. (161-m) radius of the store.

13) Total employment within the shopping districtis calculated from 2005 MTC traffic analysis zone employment data. The
calculation of employment onlyincluded portions of traffic analysis zones within the shopping district.

14) Commercial retail/entertainment properties are defined by the four county assessor's offices. These commercial land uses
include commercial, entertainment, store, service, tourism, store on first floor with other above, department store, single-story
store, restaurant, post office, bank, supermarket, food store, lodge hall, car wash, gas station, auto dealer, movie theater, bowling
alley, winery, stadium, commercial mix, and commercial building. This category does notinclude commercial office buildings.
Note that one building could include multiple commercial properties.

15) Sidewalk coverage is calculated on multilane roadways within 0.5 mi. (804 m) of the store. The calculation assumes that
complete coverage is continuous sidewalks on both sides of the street. Therefore, if a street has sidewalks on both sides, it has
100% sidewalk coverage. If a street has a complete sidewalk on one side, but no sidewalk on the other, it has 50% coverage.

16) Percent slope is calculated on multilane roadways within 0.5 mi. (804 m) of the store. Itis calculated as the change in
elevation between the two segment endpoints (intersections) divided by the length of the street segment.

17) Bicycle facilities include bicycle lanes, shared lane markings, bicycle boulevards, and multi-use trails. Theydo notinclude
streets that only have bicycle route signs. Bicycle facility kilometers were calculated using the same methodology as automobile
lane kilometers. If bicycle lanes or shared lane markings are on both sides of a one-km-long street segment, this represents two
kilometers of bicycle facilities (this avoids the problem of misrepresenting one-way bicycle facilities on one-way streets). Bicycle
boulevards and multi-use trails are two-way facilities, so one kilometer of centerline counts as two kilometers of bicycle facilities.
18) Adjacent roadway variables are measured within a 0 5-mi. (804 m) corridor (0 25 mi. (402 m) in either direction) along the
commercial roadway adjacent to the store. Speed limitis posted in miles per hour (MPH), so itis reported using this measure.
Note that 10 MPH = 16.1 KPH.

19) Ablock is considered to have a buffer when there is a space with a physical barrier, grass, trees, or other type of landscaping
between curb and sidewalk. Each side of the streetis considered separately (e.g., buffer on both sides = 100% coverage; buffer on
one side =50% coverage).

20) Ablock is considered to have on-street parking if on-street parking is legal (i.e., parked cars do not need to be present). Each
side of the streetis considered separately (e.g., on-street parking on both sides = 100% coverage; on-street parking on one side =
50% coverage).

21) Travel lanes include all general purpose through-lanes in both directions. The number of through-lanes does notinclude left-
orright-turn lanes, two-way center turn lanes, bicycle lanes, shoulders, or otherauxilarylanes. In addition, itdoes notinclude
lanes that end within the segment.

22) Average setback is a rough estimate of the average distance between the sidewalk orroadway edge and the front of each
building. If a road segment does not have buildings (e.g., overpass, underpass, etc.), itis not considered in the average setback
measurement.

23) Average percent tree coverage is an average of the percent tree coverage on each multilane street segment within 0.5 mi. (804
m) of the store. Tree coverage is an estimate of the total publicright-of-way surface area (edge-of-sidewalk to edge-of-sidewalk)
covered by tree canopy.

24) Crossroad street crossing distance represents the width of the roadway intersecting the mainline commercial roadway. The
distance is measured in the direction of commercial street. Intersection crossings are considered in this measurement, but
driveway crossings are not.

25) Multi-store shopping complexindicates that the retail pharmacy store entrance connects to a parking lotthat serves multiple
stores.

26) Presence of pay parking within 0.1 mi. (161 m) and median hourly mid-day on-street parking rate were observed through field
visits.

27) Distance from store door to public sidewalk was measured as the most direct path from the door to the sidewalk that did not
involve crossing fences orlandscaping. Measurement was done using the Google Earth measuring tool. Building doors were
located using Google Street View.
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Table 6.5. Factors Associated with Mode Choice within Shopping Districts

Mixed logit model for travel between stops within shopping district

Tour Mode’
Walk Auto
Variable3 Parameter Est.* p-value | Parameter Est. ¢ p-value
Constant 1.70 0.27 0.00 Fixed
= Travel Time (min.)5 -0.307 0.00 -0.487 0.00
E 2+ Bags -0.535 0.16)
S |Shopping Alone 0.549 0.14
Disability -0.521 0.23
+ |Multi-Store Shopping Complex6 1.08 0.05
'5_ Commercial Road Driveway Crossings7 -0.0318 0.00
_§' Commercial Road Speed Limit (MPH)8 -0.0665 0.19
v | Metered Parking on Street 0.771 0.15
Panel Variables’
Variable Parameter Est.’ p-value
Store Panel (Walk) 0.131] 0.74]
Store Panel (Auto) 0.0404 0.92
Overall Model
Sample Size (N) 286
Log-Likelihood (0) -198
Log-Likelihood (Constant)10 -173
Log-Likelihood (Restricted)11 -128
Log-Likelihood (Model) -121
Adjusted Rho-Squared Value 0.327

1) The dependentvariable in the model is the primary (greatest distance) mode of transportation used on
parts of respondent tours that were made between stops within 0.5 mi. (804 m) of each retail pharmacy store.
This analysis onlyincludes people who traveled by car to the shopping district. Some respondents traveled
only between 2 stops in the shopping district; others traveled between more stops in the shopping district.
The primary mode used within the shopping district by the 286 survey respondents was: Automobile = 195
(64%), Walk =91 (36%). Parameter estimates were generated after 1,000 draws. They were varified as stable
from 500 to 1,000 draws.

2) The automobile mode includes driving and riding as a passengerin a motorized vehicle otherthan a public
bus ortrain (taxi is included within automobile mode). The walk mode includes all pedestrians, including
people on foot, in wheelchairs, and using other assistive devices.

3) Several othervariables were expected to have significant associations with respondent mode choice and
were tested during the modeling process. These variables were the number of tour stops made within the
shopping district and perceiving a risk of crime when walking in the shopping district, and drive-through
pharmacy window at the survey store. However, their parameter estimates were imprecise (p >0.30) and had
minimal influence on other parameters, so they were notincluded in the final model.

4) Parameter estimates represent coefficients in the utility function for choosing each transportation mode.
The base mode foreach variable is the mode with no parameter estimate. Therefore, all parameters except
travel time for automobile indicate the likelihood of choosing walking relative to automobile.

5) Door-to-door travel times were estimated from Google Maps based on activity stop locations given by survey
respondents. Automobile travel time includes the estimated time required to walk from parking to the door
and from the door to parking at each stop.

6) Multi-store shopping complexindicates that the retail pharmacy store entrance connects to a parking lot
that serves multiple stores.

7) Commercial road driveway crossings represents the number of major active non-residential and more than
10-unit residential property driveways per mile along both sides of the main roadwayin the shopping district.
8) Note that 10 miles per hour =16.1 kilometers per hour.

9) The store panel parameters capture the correlated error between respondents who were surveyed at the
same store. Approximately 50 customers were surveyed at each store, so they share identical shopping district
variables and may have similarsocioeconomic or attitude characteristics.

10) Log-likelihood (constant) is the log-likelihood of a constsnts-only model thatincludes the panel variables.
11) Log-likelihood (restricted) is the log likelihood of a model without the shopping district variables.
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An innovative aspect of the model is that it included variables representing characteristics of the
shopping district that can be influenced through planning practice. Important design elements
such as shared parking lots serving multiple stores, commercial driveway crossings, posted speed
limits, and metered on-street parking can be influenced through site development, automobile
parking and roadway design policies as well as during site design and roadway project review.

A likelihood ratio test was used to determine if the five shopping district variables added
explanatory power to the model. The restricted version of the model that included only the
control variables representing travel characteristics had a total of eight variables and a log-
likelihood of -128. This produced a likelihood ratio test statistic of 2 * (-121.4 — (-128.5)) =
14.2. This test statistic was compared to the value of a Chi-Squared distribution with 12 — 8 =4
degrees of freedom, which is 13.3 for p = 0.01. Since 14.2 is greater than 13.3, the null
hypothesis that the additional variables did not contribute to the model was rejected (with 99%
confidence). Therefore, there is value including shopping district variables that can be
influenced through planning practice.

6.7. RESULTS

Analysis of 286 intercept surveys from 20 shopping districts in the San Francisco Bay Area
showed that retail pharmacy store customers who were more likely to choose to walk rather than
drive between stops within the shopping district had certain characteristics. Controlling for
travel and socioeconomic factors made it possible to identify shopping district characteristics that
were associated with pedestrian mode choice (Figure 6.1). Results related to specific variables
are presented in the order that they are listed in the final model (Table 6.5).

Figure 6.1. Factors Associated with Walking within Shopping Districts

Mixed logit model results:
Factors associated with

Travel
(+) shopping aloner

(-) time™, 2+ bags' walking within shopping
districts
- - (N = 286)
Socioeconomic
(-) physical disability
Mode Choice
Attitude
— Walk
VS.
Perception — Automobile

Shopping District
(+) multi-store shopping complex-,
metered street parking- Statistical association:
-) dri 'p g *** (p < 0.05) = significant
( ) riveway _crossmgs Y Lo **(0.05 < p < 0.10) = moderately significant
commercial road speed limit: * (0.10 < p < 0.20) = slight association
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Travel and Socioeconomic Characteristics

The mixed logit model results showed that several travel and socioeconomic characteristics were
associated with mode choice within the shopping district. Most of these control variables were
consistent with previous travel behavior research.

Travel Time

Estimated door-to-door travel time within the shopping district had a highly significant
association with walking and driving with the shopping district. Longer travel times reduced the
utility of each mode. Walking was typically the slower mode, so the utility of walking decreased
more rapidly than driving as the respondent’s travel distance within the shopping district
increased (i.e., it took much longer to walk than drive for greater distances) (Figure 6.2).

There were several key differences in how automobile mode and walking mode travel times were
estimated. Automobile mode travel time between two stops included the time it would take to
walk from the door of a building to a parked car in the parking lot (or nearby on-street parking
space), drive the car along the roadway to the next parking spot (using Google Maps driving
travel times), and walk from the parked car to the door of the building where the next activity
took place. The walking time between a parked car and building door was assumed to be longer
for urban core shopping districts with few surface parking lots and scarce on-street parking and
shorter for suburban shopping districts with parking lots in front of each building (Appendix K).
Walking mode travel time included the estimated door-to-door walking time between two stops
(using Google Maps walking travel times, which were longer for walking in the uphill direction).
The most significant difference in how travel times were calculated for each mode occurred after
the respondent completed their final stop within the shopping district. At that point, the driving
time calculation was finished because the person would drive from the shopping district to home
or another activity area. However, the walking time calculation added the time that a person
would need to walk back to a parked automobile at their first stop within the shopping district.
This return travel time was short for people who walked to a series of activities in a loop and had
only a short distance to return to their car, but it was much longer for people who made their
final stop in a distant part of the shopping district. The extra return-to-automobile travel time
was one reason why only 10% of all respondent routes within the shopping district had lower
walking than driving travel times (Figure 6.3).
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Figure 6.2. Mode Share by Travel Distance Within Shopping Districts
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Figure 6.3. Travel Distance Within Shopping Districts where Walking had Lower
Estimated Travel Time than Automobile
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Note: A hollow bar is used to represent >0.5 miles because it does not cover the same distance range as the other categories.
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Travel Cost

Estimated travel cost was tested during the modeling process for automobile mode choice, but it
was not a statistically-significant variable. However, the presence of metered parking in the
shopping district is a proxy for the cost of driving and parking at different activity locations.
This variable was included as a shopping district factor, and it showed that respondents were less
likely to drive and more likely to walk when they had to pay for parking.

Number of Tour Stops

The number of stops made by the respondent within the shopping district had a positive
relationship with walking in the univariate analysis. However, the number of stops variable was
not significant after controlling for other variables in the mixed logit model. Travel time had a
more significant association with walking and automobile mode choice than the number of stops
within the shopping district.
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Number of Bags

Respondents who were carrying two or more bags on their tour were more likely to choose
driving over walking within the shopping district (Figure 6.4). Carrying bags is often more
convenient by automobile. This variable had a slight association with mode choice in the model.

Shopping Alone

There was a slight positive association between shopping alone and walking between stops in the
shopping district (Figure 6.4). People walking alone may have more flexibility in their schedules
and can afford to spend the extra time required to walk between stores. Conversely, customers
traveling with other people may have been transporting others who had less physical ability to
walk. In districts with metered parking, these customers may have been more willing to drive
and park at different stops because the parking costs could be shared among several people.

Disability

People who reported having physical disabilities were more likely to drive than walk within the
shopping district (Figure 6.4). While this relationship was not statistically significant, the sign of
the parameter estimate was negative, as expected. If a person with a disability is able to arrive in
the shopping district with an automobile, it is likely that this vehicle provides the most
convenient