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RESEARCH CONTEXT

This project fits into the context of the Washington State Department of
Transportation policy to reduce the public's dependence on motor vehicles by providing
travel alternatives. The state's pedestrian transportation policy recognizes walking as an
important transportation option for many trips. It requires that pedestrian facilities be
integrated into comprehensive transportation planniﬁg and development programs. This
project provides empirical evidence that the presence of pedestrian facilities corresponds
to a higher incidence of walking as a means of transportation.

This project is also part of a comprehensive research agenda to understand and
control the relationships among land use, urban form, and transportation. The overall
mission of the research program is to develop ways of designing and implementing
human settlement patterns that decrease total vehicle trip making, reduce the length of the
typical automobile trip, and encourage the use of transportation means other than the
single-occupant vehicle (Pivo and Moudon 1992).

This project falls into the category of "urban form and travel behavior" identified
in the research agenda. This research category includes projects that explore the
relationship between settlement patterns and travel behavior at the scale of the district and
the region. Research projects on different scales of development are intended to be
mutually reinforcing and to work toward developing a comprehensive understanding of

the relationships between settlement patterns and transportation.






INTRODUCTION

This report consists of three parts. Tlle first is a summary of the project's findings
and recommendations. It has been placed in the beginning of this report to facilitate the
readers' access to the material. The second part describes the various aspects of the
method used to collect data. It begins with an overview of the methodological framework,
which is followed by sections that describe the project's different phases of data
collection, including the process used to select the 12 sites, the socio-demographic and
physical characteristics of the selected sites, and the pedestrian volume counts. The
report’s third section covers the analyses of the data and includes general findings on
relationships between pedestrian volumes and the characteristics of the sites, socio-
demographic profiles of observed pedestrians, variability in pedestrian counts, variability
in pedestrian behavior, pedestrian volumes and cordon conditions (transportation
infrastructure and land-use conditions at points where pedestrians were counted), and

counts of bicyclists.



I. SUMMARY OF FINDINGS AND RECOMMENDATIONS

RESEARCH DESIGN AND DEFINITIONS

This project demonstrates that pedestrian volumes are related to site design. A
quasi-experimental method was used to study 12 neighborhood sites with commercial
centers in the Puget Sound region. The sites selected were controlled for four basic
variables that preifious research has identified as factors that affect pedestrian trip

volumes. These variables were as follows:

° population density (the higher the density the larger the potential “market”
of pedestrians)
. income (the higher the income, the easier the access to an automobile,

which acts as a disincentive to walk)

° land-use type and mix (defining appropriate origin and destination of the
pedestrian trip)
b a one-half-mile radius area within which all of the above variables are

spatially contained (this distance, which defines an area of approximately
500 acres, is appropriate for pedestrian travel).

Under these controlled conditions, all the 12 sites were selected for their high
potential to support pedestrian travel. Each site had a gross residential density of 10
people to the acre or greater and contained all of the retail facilities necessary for daily
living. In other words, each site had a concentration of commercial land uses that defines
a neighborhood commercial center, as well as an average of 6,000 people living in
apartments and single houses within a one-half-mile radius of the center. In all 12 sites,
approximately half of the dwelling units were located within a third of a mile of the
neighborhood center.

However, half of the selected sites exhibited site design characteristics that were
supportive of pedestrian travel, whereas the other half of the sites did not (dependent
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variable). Site design characteristics that support pedestrian travel are defined by small
blocks and by continuous and connected sidewalks. Site design characteristics that do not
facilitate pedestrian travel are defined by large blocks and by few, often discontinuous
and disconnected, pedestrian facilities.

To facilitate the discussions of site design characteristics, the six sites with
supportive site design characteristics were called “urban,” and the six sites whose site
design was not supportive of pedestrian travel were called “suburban.” The distinction
between urban and suburban focused on site design characteristics that were readily
measurable and related directly to the pedestrian environment: specifically, the presence
or absence of sidewalks (measures of pedestrian facilities completeness) and the
distribution of those sidewalks (measures of pedestrian facilities extent).

In this study, the urban sites had the following site design characteristics:

° mean block sizes of 2.7 acres (the equivalent of a 300- by 400-foot block)

° complete and continuous public sidewalk systems on both sides of all

streets.

Suburban sites had the following site design characteristics:

° mean block sizes of 32 acres (the equivalent of a 1,000- by 1,300-foot
block)
° incomplete and discontinuous public sidewalk systems that, on average,

lined less than half of the streets of the sites.

Under this definition of “urban” and “suburban,” many cities in the Puget Sound
actually exhibit “suburban” characteristics. For example, more than half of the residential
areas of Seattle do not have sidewalks and could, therefore, be classified as suburban
according to our definition. However, to ensure the clarity of research results given the
small 12-site sample, the sites selected reflected only the two extremes of urban and
suburban site design characteristics; that is, there were no sites with mixed characteristics,

such as sites with small or medium-sized blocks but no sidewalks. As a result, all 12 sites
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selected could be readily classiﬁed as either urban and suburban. They also exhibited
other features that commonly distinguish between urban and suburban design
characteristics, such as buildings oriented toward and situated next to streets in the case
of urban sites, and buildings considerably set back from the streets and often ari’ented
toward parking lots in suburban sites.

Finally, only a limited number of sites in the Puget Sound region could fit within
the control and independent variables. As a result, the 12 sites selected were categorized
and matched according to the size of their commercial centers, with size being defined by
the number of businesses and types of retail facilities provided within the one-half mile
pedestrian catchment area. There were four groups of sites: two groups of two sites with a
large commercial center, one group of five sites with a medium-sized commercial center,
and one group of three sites with a small commercial center. Areas defining the
commercial center varied in size from 21 to 122 acres. All had at least one traditional
grocery store. In urban sites, retail facilities lined one main street in single-story
structured or mixed-use multi-story buildings. In suburban sites, retail facilities were
spread through large blocks of private land dominated by parking at grade.

Pedestrians were counted as they left residential areas to enter the neighborhood

commercial area.

FINDINGS

Table 1 summarizes the site characteristics and pedestrian volumes found.

1. Relationship Between Pedestrian Vohimes and Site Design
Pedestrian Volumes Are Related to Site and Pedestrian Facilities Design

This project showed that the three measures traditionally employed to predict
pedestrian volumes—population density, income, land-use distribution and intensity—

are, individually and together, insufficient to explain pedestrian volumes; site design,



Table 1. Summary of Site Characteristics and Pedestrian Volumes
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specifically block size and the extent of pedestrian facilities provided, must also be

considered.

. All urban sites studied had a higher volume of pedestrians than the
suburban sites studied. On average, urban sites had three times as many
pedestrians as suburban sites.

° The urban sites with the lowest pedestrian volumes had over twice as
many pedestrians as the suburban sites with the lowest pedestrian
volumes, and 40 percent more pedestrians thgn the suburban sites with the
highest pedestrian volumes.

o The suburban sites with the highest pedestrian volumes fewer than a third

the number of pedestrians than the urban sites with the highest volume of
pedestrians.
People Do Walk in S uburban Areas
Contrary to popular belief, a substantial number of people walk to suburban
neighborhood centers; between 50 and 102 pedestrians per hour ﬁere observed entering
suburban centers. This translates to 8 to 16 people walking into the local commercial
center per hour for every 1,000 residents living within one-half mile of the center (figures

adjusted for comparability purposes).

Pedestrian Volumes Are Not Related to the Size of Neighborhood

Commercial Center

In urban sites, both the lowest and highest pedestrian volumes corresponded to
sites with medium-sized commercial centers. In suburban sites, the lowest pedestrian
volumes were found in the sites with the smallest commercial centers. However, the

largest site had fewer pedestrians than any of the medium-sized center sites.

The Distinction Between Urban (U) and Suburban (S) Carries the Most
Explanatory Power in Defining Pedestrian Volumes .

Variations within site design and pedestrian facilities measures used do not, in and

of themselves, explain variations in pedestrian volumes within either urban or suburban
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site categories. Measures such as block size, total length of street and of sidewalk
systems, the completeness of the sidewalk systems, and the directness of pedestrian
routes are not linearly related to pedestrian volumes. Other variables come into
consideration, such as variations in population density, income, and size of retail center,
none of which are linearly related to pedestrian volumes, either. In this study, the
combination of variables that described the distinction between urban (U) and suburban
(S) site and pedestrian design characteristics was the best predictor of differences in
pedestrian volumes. As a result, further analyses of the 12 sites divided them accordingly.
(See summary table below.)
2. Profiles of Pedestrians

Many Young Pedestrians in Suburban Areas

The distribution of pedestrians by age was closely related to the census population
in urban sites. In suburban sites, however, a disproportionate number of young people
(under 18) was walking. On average, the proportion of young people walking to all
people walking was 180 percent higher than the proportion of young people in the census
population living in suburban sites. An average of 41 percent of the suburban pedestrians
were young in comparison to 16 percent in urban sites, and in three of the suburban sites,
young people constituted the majority of pedestrians counted.

Many Pedestrians of Color in Urban and Suburban Areas

A disproportionate number of people of Color was walking in both urban and
. suburban sites, with averages of more than 200 and 240 percent of the corresponding
census populations in urban and suburban sites, respectively. On average, urban
pedestrians of Color constituted 10 percent of the total number of pedestrians, versus 29
percent in suburban sites.

The uneven distribution of young pedestrians and pedestrians of Color in
suburban sites raises sericus questions regarding the safety of people who cannot or do

not want to drive. Furthermore, pedestrian with impairments were found in three of the
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suburban sites. These figures point to the importance of providing facilities that support

safe pedestrian travel in suburban areas.

3. Where People Walk
Most People Walk on Streets with Sidewalks

Seventy-eight percent of all pedestrians entered the commercial center on a street
with sidewalks. In urban areas, 98 percent of the pedestrian trips were on streets with
sidewalks, versus 60 percent in suburban areas. Streets with sidewalks constituted only
43 percent of the possible entry points into suburban commercial centers, indicating that
many people choose to use sidewalks.

Most People Walk along Wide ""Main" Streets

In urban sites, 41 percent of the pedestrians entered the commercial area on streets
wider than 48 feet--those representing only 26 percent of the possible points of entry into
the commercial center. In suburban sites, 71 percent of the pedestrians used streets wider
than 36 feet, representing 55 percent of the possible entry points.

High Incidence of Jaywalking

Only 38 percent of the pedestrians entering a suburban commercial center crossed
a street, versus 56 percent in urban sites, reflecting the different site design characteristics
of the sites. Of those pedestrians who crossed a street at the point of entry into the
commercial area, 32 percent were jaywalking in suburban sites, whereas 20 percent
jaywalked in urban sites. Although jaywalking is relatively safe in urban sites, where
most streets are narrow and automobile traffic is tamed, it represents substantial risk-

 taking on the part of the suburban pedestrian; suburban Jaywalking is often across wide,
heavily trafficked streets. The high incidence of jaywalking in suburban sites points to a
major safety problem and indicates that Pedestriéns lack options in their walking routes.
- Of those pedestrians who crossed a street as they entered the commercial center,

14 percent used a marked crosswalk in urban sites versus 60 percent in suburban sites,

again reflecting the fact that people prefer safe pedestrian facilities whenever they are
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available. (Suburban intersections are so wide that a marked crosswalk is needed to
protect pedestrians.)

Schools Generate Pedestrian Traffic

The presence of schools corresponded to high volumes of pedestrians in all of the
three suburban sites and two of the five urban sites that had a school located near the

commercial center.

Apartments and Grocery Stores Generate Pedestrian Traffic

In both urban and suburban sites, the distribution of pedestrians entering the
commercial center showed a positive relationship between pedestrian volumes and dense
housing and commercial activity. This relationship was especially strong when dense
housing directly adjoined a grocery store. It appears, therefore, that, contrary to popular

belief, a significant amount of grocery shopping is done on foot.

The Small Suburban Center as a Significant Element of Future
Transportation Planning

This project unexpectedly identified some 50 small concentrations of activity
spread throughout parts of the region that have been developed since the 1960s. Although
many of these concentrations do not appear to host the mixes of land uses necessary to
make viable neighborhood commercial centers, the relatively high population densities or
densities of retail and office development all call for further research regarding the
potential of these concentrations to support a balanced transportation policy.

Compact Suburban Centers

Within the pool of selected sites, suburban sites were as compact as their urban
counterparts, with, on average, 50 percent of the dwellings units falling within a third of a
mile or less of the 100 percent corner in the commercial center. This indicates that land-
use distribution and intensity in suburban sites are potentially as conducive to pedestrian

travel as those in urban sites.



Indirect Pedestrian Travel Routes in Suburban Areas

The average actual route length traveled by pedestrians was approximately 600
feet longer in suburban than in urban sites. In urban sites, 50 percent of the residential
dwellings were within a travel distance of 2,100 feet of the commercial center, versus
more than 2,700 feet in suburban sites. Pedestrian travel routes between residential and
commercial uses were 27 percent longer than airline distance in urban sites, whereas they
were 66 percent longer in suburban sites. This indicates that site design and facilities are
inefficient for pedestrians in suburban sites. The reasons behind these inefficiencies are
explained below.

Inefficient Transportation Infrastructure in Suburban Areas

The size of suburban blocks was inversely related to the intensity of land uses
contained by those blocks. The largest blocks contained the highest intensity land uses,
such as apartment complexes and commercial areas. Thus, the blocks that generated the
most trip making and were used by the highest numbers of people had the fewest streets
and sidewalks. Instead of taking into account the number of people who will use the
streets, suburban blocks correspond to the size of the properties they serve: blocks for
single-family development are relatively small at less than ten acres ( a 200- or 300-foot
wide and 600- to 1,000- foot long block), whereas blocks for multi-family and
commercial development vary from 40 to 100 acres (corresponding to blocks that are
more than 2,100 feet on a side, or more than 30 times the size of an equivalent urban
block). Clearly, suburban block size does not to address transportation demand for either
motorized or non-motorized modes.

Sidewalks

Sidewalk systems in suburban sites were only one-fifth of the length of systems
found in urban sites(. Furthermore, sidewalks in suburban sites did not generally
correspond to areas of concentrated residemia] or commercial activity. They were found

along many of the streets that serve single-family dwellings and along arterials. However,
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because arterials form very large blocks, the sidewalk network that they provided was too
coarsely distributed for pedestrian travel. On average, sidewalks in suburban sites were
present along only half of public streets.

Distance Between Points of Entry into the Commercial Center

The mean distance between points where pedestrians could enter the commercial
center was twice as long in suburban than in urban sites. The longer this distance, the
fewer the points of entry into the commercial areas. At 550 feet in urban sites, this
distance is already too long to provide efficient travel options for the pedestrian.

The inefficiencies of pedestrian facilities in suburban sites can be remedied as

outlined in the recommendations below.

'RECOMMENDATIONS

This study's findings show that it is imperative to address pedestrian safety issues
and to improve the infrastructure supporting pedestrian travel in suburban areas by

providing appropriate facilities. Specifically, the following findings are significant:

. the comparatively high numbers of people walking in these areas

° the disproportionately high number of young pedestrians and pedestrians
of Color

° the comparatively high numbers of pedestrians using streets with

sidewalks in spite of the low incidence of such streets

° the high numbers of pedestrians jaywalking in spite of the dangerous
conditions found on the wide, automobile-oriented streets found in
suburban areas.

The provision of additional pedestrian facilities in suburban areas also may
increase pedestrian volumes and help reduce local auto congestién by encouraging people
to substitute walk trips for auto trips. Because the vast majority 01; transit riders access
public transportation by foot, developing appropriate pedestrian facilities is also relevant
to supporting the use of public transportation.
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Our recommendations fall into two categories: the need to identify suburban areas
where land uses already exhibit characteristics that are conducive to pedestrian travel, and
the need to apply site design guidelines to support the development of safer and shorter
pedestrian travel routes.

Need to Identify Location and Type of Small Suburban Concentrations of Activity

The analysis of the Puget Sound Region undertaken in the site selection phase of
this project pointed to many suburban areas that have population density higher than 12
people per acre, and which, as a result, have a potentially large "latent” pedestrian market.
There is a need to identify these areas, which are not commonly recognized by planning
authorities, and to improve their pedestrian facilities.

Need to Devise Site Desi uidelines to Support Pedestrian Travel

New guidelines and regulations need to address the retrofitting of existing areas as
well as new development. The goal of the guidelines and regulations would be to provide
safer and shorter routes for pedestrians to use between major land uses—residential,
commercial, and school facilities. The two principal impediments to short and efficient
pedestrian travel in suburban centers are the large size of blocks and the lack of
sidewalks or safe pedestrian pathways. Sites with a concentration of mixed land uses and
activities need to offer a continuous network of safe walkways that allow people to walk
between those land uses and activities. Given this study's findings, this network should
build on existing arterials as well as on the informal paths that pedestrians have already
established. The following simple measures will help to dévelop this network and to
improve considerably the pedestrian environment in suburban centers within reasonable
cdsts.

. Provide sidewalks along all arterials and streets in and around the

commércial center and the ring of apartments surrounding the center itself.

Sidewalk width needs to recognize that most pedestrians prefer to use
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sidewalks. They must be commensurate with the width of the street or
arterial, and protective elements shmﬂd be placed whenever the speed of
traffic constitutes a danger to the pedestrian.

Provide marked crosswalks at all street and arterial intersections. Where
traffic lights are included, provide pedestrian push buttons, and adjust

pedestrian green light time to the width of the street and arterial.

Marked crosswalks should occur at least every 500 feet along streets and arterials

that serve concentrations of apartments, commercial development, and schools to

discourage and reduce the incidence of jaywalking. Crosswalks must be accompanied

with the appropriate signage to make drivers aware of the presence of pedestrians.

L]

Provide gates in fences surrounding apartment complexes and schools.

Because they act as de facto “street intersections,” these gates should

- occur at regular intervals, likely every 200 feet, especially when the fence

is located along the edge of the commercial center or along the arterials
bordering the complex. The gates can be locked and keyed to the
apartment complex entryways for security purposes.

Provide marked pedestrian walkways leading people in and out of the
gates, on both the apartment and the commercial center sides, to ensure a

safe environment for the pedestrian.

Marked walkways in both apartment complexes and commercial centers should

form a continuous network, identifying the shortest and most practical distances between

residential and commercial building entries. The walkway network should connect to

gates in fences and to sidewalks along arterials. It should be designed as a de facto

pedestrian street network within the outdoor area of apartment complexes and within the

parking lots of commercial areas. The network should form a simple grid adapted to the

topography that connects every building entrance to the rest of the system. A 200-foot

grid is appropriate for pedestrian travel. This grid can be adjusted to correspond to
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parking lot design and to support drivers within either the apamﬁent complexes or the
commercial center.

It is important that the grid of pedestrian pathways continue to the sidewalks
along the arterials that surround the commercial center. Shoppers on foot need to be able
to reach the sidewalks along the streets or arterials at small, regular intervals, not only at
curb cuts designed for automobile traffic.

The network should take into account the fact that grocery stores tend to attract
pedestrian traffic. It should also include safe and direct pedestrian routes between schools
facilities and commercial land uses, especially as older school children tend to gravitate

to these facilities.
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Iil. METHODOLOGY

1. OVERVIEW

A quasi-experimental method was used to explore the relationship between site
design and pedestrian trip volumes. It was applied to 12 study areas located in the greater
Puget Sound urbanized area. The methodology was based on two pilot studies of two
study areas, Wallingford (a neighborhood of Seattle) and Crossroads (a neighborhood and
shopping center of Bellevue) (Hess, 1994, Saxen 1994). The following variables were
used in the site selection process. For further reference, detailed discussion of this
project’'s methodological approach is available in Moudon, et al. forthcoming.

Control Variables

All sites selected had a high potential to support pedestrian travel, including

° a mix of residential and commercial land uses contained within a one-half

mile “walkable” area

. residential densities that were relatively high, approximately 10 persons

per acre or higher.

Sites were matched to control for the following:

° population density

. income

° auto ownership

o neighborhood commercial land use types

o “walkable” area contained within a half-mile radius of the neighborhood
center.

Independent Variables

Half of the sites chosen exhibited “low connectivity in pedestrian facilities” or site

and pedestrian facilities design characteristics that were not conducive to pedestrian
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travei; whereas the other half of the sites exhibited “high connectivity in pedestrian

facilities.” In other words, sites had either high or low

. extent and completeness of potential and actual pedestrian facilities
° pedestrian route directness between homes and neighborhood commercial
center.

Dependent Variable

Pedestrians were counted crossing between residential and commercial land uses;

volumes were established for all sites.

2. SITE SELECTION
Methodological Framework

The first task was to select six to ten study areas in addition to the two that had
been identified in the pilot studies. For ease of communication, study areas with high
levels of pedestrian connectivity in their site design were called “urban sites (U),” while
study areas with low levels of connectivity were called “suburban sites (S).” Given this
definition, it was possible to find what we termed suburban sites in urban areas—for
example, many neighborhoods within the City of Seattle would be characterized as
suburban under our definition because there are no sidewalks along the streets. The goal
of the site selection process was to match urban and suburban study areas into groups
with similar gross population densities, similar median incomes, similar auto ownership
rates, and a similar number and range of retail services.

Potential study areas were identified to meet the following criteria:

1) Residential and commercial land uses are contained within one-half-mile distance
from the center of the study area—one-half mile being a commonly cited measure
of “reasonable” walking distance in the literature on pedestrian travel.

(2) Within this half-mile radius, study areas have a mix of retail stores that cater to
daily shopping needs—supermarkets, drugstores, restaurants, cafes, video stores,
dry cleaners, hair and barber shops, and hardware stores—as components of a
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commercial center that can support walking trips. Although supermarkets are not
considered to be conducive to pedestrian trips (except for fill-in shopping), they
often create a “retail anchor” for other stores that offer convenience services
conducive to walking.

3) Within this half-mile radius, study areas have a gross residential density of 10 or
more persons per acre. This density level has been associated with pedestrian
activity, given supportive pedestrian facilities and nearby shopping opportunities.
While this density is similar to those found in pre-1940s urban neighborhoods, it
is twice as much as average densities in the Puget Sound region.

(4) Study areas do not have any major barrier that can clearly limit pedestrian travel.
Barriers that would exclude a site from consideration include very steep slopes,
freeways, and other large physical elements separating housing from commercial
services.

(5)  Study areas have either high or low levels of pedestrian connectivity. High levels
were defined as areas with extensive, complete, and direct pedestrian networks.
Low levels of pedestrian connectivity were defined as areas with non-extensive,
incomplete, and indirect pedestrian networks. Because the total number of study
areas was limited to 12 or less, sites with mixed characteristics such as some
sidewalks but with an urban street grid, were excluded from consideration so that
we could focus on major differences in the site design characteristics.

6) The study areas selected would be distributed in Snohomish, King, and Pierce

| counties. In particular, urban sites outside of Seattle were deemed desirable.
tep One: Use of GI S
Regional maps were created to show concentrations of population densities based
on 1990 census data on the tract level, and concentration of retail employment based on
Washington State data supplied by the Puget Sound Regional Council on the

transportation analysis zone (TAZ) level.
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TAZ data were not adequate for identifying small retail centers. As shown in
Figure 1, employment densities calculated for TAZs in the Kirkland-Redmond area
poorly match the striped polygons representing areas in actual commercial development
mapped from aerial photographs. This map highlights the following shortcomings of
TAZ level data to recognize small or even medium-sized retail centers:

° Areas in commercial development are broken into several TAZs.

. TAZs combine areas in commercial development with areas without
commercial development, thus averaging employment density across large
areas.

. Small areas of commercial development are grouped with larger areas of
commercial development within one TAZ.

The limitations of TAZ boundaries mask the location of small centers potentially
capable of supporting pedestrian travel. Figure 1 shows how two of our eventual study
areas were not readily identifiable. Kingsgate, a small retail center with about 30
businesses, is split between two large TAZs; Juanita, a small center with about 40
businesses, is split between three TAZs, one of which contains Totem Lake, a very large,
automobile-oriented commercial center to the east. These problems are compounded
further when retail job data are revised; because the number of retail jobs is smaller than
total employment figures, neighborhood retail centers are not videntiﬁable at the TAZ
level.

Similar problems were encountered when population densities were examined
through -tract level data. Figure 2 shows census tracts with population densities of above
10 persons per acre in the three-county area considered. On the basis of these data, the
region appears to be monocentric, with most tracts at these density levels located in the
central part of Seattle. A handful of other tracts show up in Tacoma and Everett, along

with a few tracts in suburban areas. Two of these suburban tracts eventually ended up as
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our study sites of Juanita and Crossroads. However, the other four suburban study areas
cannot be identified at the census-tract level.

Figure 3 shows the same density ranges on the census-block-group level. Only
three of our eventual six suburban case study sites can be identified. Figure 4 shows the
same density ranges at the census-block level. In this case, all of the study areas selected
can be identified. Many other areas also show up as being developed at medium-density
ranges—reflecting the fact that in western King County (as defined by the map, and
excluding Seattle) about 30 percent of the population lives in census blocks above this 10
person per acre range. Problems in identifying areas of concentrated residential densities
Vstiii arise in some suburban areas, where blocks tend to be very large. It is further
compounded because census block size tends to increase dramatically around suburban

retail centers.

Step Two: Use of Aerial Photographs in Combination with Census Data to Identify
Suburban Sites

Because of these problems with census and TAZ boundaries, aerial photographs
(1:400 ‘scaie, 1995) were used to supplement data for identifying concentrations of
suburban populations. Density maps at the census-block-group and census-block level
were used to focus the reading of aerial photographs on areas with population densities
high enough to support pedestrian travel. Photographs served to examine areas for
concentrations of multi-family housing, because such concentrations are necessary to
achieve density ranges of 10 persons per acre in suburban locations where low-density,
single-famﬂy development prevails.

Table 2 shows some 60 concentrations that this method identified in the three-
county region. However, the photographs were not useful in older, urban areas where
differences in land uses are less discernible because they are not necessarily reflected in
the massing of buildings—where, for example, small office b_ui}dings cannot be discerned
from small apartment buildings. The method used to identify urban sites is discussed
under Step Three below.
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Census data were then examined for population density, number of multi-family
hou;ing units, and ranges of median incomes for block groups covering the population
concentrations identified in the aerial photographs. In many cases, block groups did not
match well with the areas identified. However, this level of data collection had to be used
because block-level data are very limited.

Block-level data served to more precisely measure population density for the
‘more promising areas. In a few cases where census-block geography did not correspond
to the layout of the actual area, density computations were adjusted by, for example,
excluding areas in undeveloped land outside of a one-half-mile distance from study areas.
Some possible study areas were eliminated because they did not generate the gross
density necessary to match those found in urban neighborhoods. This process permitted
us to eliminate such sites as Mill Creek in Snohomish County and Redmond in King
County. Although these locations include large numbers of apartments, population
densities within the one-half-mile distance of the center were below 4 persons to the acre.
Figure 5 shows that in Redmond, most of the 2,400 apartments are located just beyond
the one-half-mile walking distance from the city center.

Photographs were then reexamined to eliminate areas with no nearby commercial
development or with major physical barriers. Examples of these types are shown in
figures 6 and 7. Figure 6 shows the area of Mountlake Terrace in Snohomish County with
about 1,100 apartment units, yet no nearby commercial development. Figure 7 represents
the northern part of Southcenter in King County. Its approximately 1,700 apartment units
are not only located on a very steep hillside but are also separated from one of the
region’s largest retail centers by a major freeway.

Further investigation of the rangé of retail services available entailed calling local
businesses for information about adjacent stores. Actual visits to the remaining sites

yielded a precise inventory of businesses and a means to check general site conditions,

including topography.
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Step Three: Identification of Urban Sites

As mentioned earlier, the search for urban sites was necessarily limited to areas
developed before the Second World War, when streets were consistently constructed with
sidewalks along them and city blocks were relatively small. For urban sites, census data

“were used to identify appropriate population densities and were combined with a survey
of supermarket location as the primary anchor for a potential neighborhood center. Figure
8 shows the location of major supermarkets drawn from telephone directories. Aerial
photographs were also used to check the size and completeness of street grids and
sidewalks, and to identify the general distribution and type of commercial and residential
structures. As in suburban areas, telephone surveys helped to identify the types of retail
businesses existing in promising sites, and the most promising sites were visited to
inventory businesses and to check topography and general site conditions.

Step Four: Matching Urban and Suburban Sites

Urban and suburban sites were matched on the basis of gross population densities,
the range of median income measured at the census-block-group level, and the numbers
and ranges of businesses of each site’s retail district. Table 3 summarizes the list of
suburban and urban sites used for matching pairs. Putting together true pairs proved to be
impossible, given the limited number of sites available within the density ranges, medium
income ranges, and concentration of land-use mixes in the one-half-mile walking radius.
The final matching process recognized that the urban sites available in this region that fall
into a range of relatively low population densities similar to those found in suburban
areas have commercial centers of different sizes. As a result, sites were categorized
according to the size of commercial centers. Four groups of matched urban and suburban
sites emerged: two groups of sites with largé commercial centers, one group of sites with
medium-sized commercial centers, and one group of sites with small commercial centers.
Table 4 shows the 12 sites matched. Table 5 outlines census data for the 12 sites. Figure 9

shows the location of the 12 sites in the Puget Sound region.
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Table 6 records all the businesses found in the sites as of Summer 1996. The
number of businesses, as well as the range of retail services offered, are comparable in
the different groups of sites. The larger number of businesses found in Ballard with
respect to Kent reflects Ballard’s turn-of-the-century origins and its related small
industrial and office facilities. Figures 10 through 21 show the general land uses for the
12 study areas. (See next section for explanation of how these maps were created.)

Site Socio-Demographic Profiles

The socio-economic characteristics of the sites selected are summarized in Table

Actual population figures for the sites vary from less than 2,900 people in
Oakbrook (S) to more than 7,500 in Wallingford (U). These variations correspond not
only to slight variations in densities found in the individual sites, but also to the relative
“completeness” of the individual areas contained in the half-mile walking radius,
including topography and regional elements such as freeways that define different
boundaries for the study areas. Adjusted for a “complete” 500-acre site, population
figures vary from 4,800 in Proctor (U) to 7,800 in Wallingford (U). Gross residential
density within the half-mile study area varies from 9.6 person per acre in Proctor (U} to
15.7 in Wallingford (U). Mean incomes vary from $26,000 in Ballard (U) to $75,000 in
Madison Park (U). This greater variation in income stems from the data source being at
the census-block-group level and hence not always corresponding to the actual geography
of the study area. Automobile ownership per person varies between 0.6 in Proctor (U) and
Oakbrook (S) to 0.8 in Madison Park (U), with the nine other sites at 0.7 autos per

person.

Lessons from Site Selection

The following lessons were learned from the site selection process. First, the
process demonstrated that conventional methods for land-use and transportation analysis,

based on census and TAZ geographies, are inadequate to identify small-sized centers in
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suburban areas. Both the large size and the boundary definition of conventional analytic
units average the land-use characteristics of small centers with either low intensity land
uses or with much larger nearby centers, thereby masking their existence. Yet because
these small centers can have concentrations of several thousand people, they should be
recognized as important to planning for all transportation modes, including transit,
bicycling, and walking.

Small centers are an important component of the overall urbanization of suburban
areas. The development of large numbers and concentrations of multi-family housing has
produced suburban concentrations of population that are comparable to those found in
older neighborhoods in the region’s central cities. The densities are high enough to
support pedestrian travel if land-use and site design characteristics also support walking.
However, the appropriate population densities of many of these suburban population
concentrations are not matched with the such mixed land-use characteristics. Many
concentrations of population are not near commercial services, and, likewise, many
conéentrations of services are not near housing.

Second, the largest suburban employment and retail centers seem to be the most
dysfunctional in support of walking. Although these commercial centers tend to be
surrounded by large numbers of apartments, these areas of low intensity commercial land
are so large that the walking distance between the services and housing are beyond a half-
mile.

Finally, there are relatively few good pedestrian neighborhoods in the Puget
Sound region. Despite targeting areas outside of Seattle in our search for sites with highly
connected pedestrian networks, five of the six eventual urban sites were in Seattle. No
sites were identified in Everett, and only one site was found in Tacoma. We relaxed our
density requirement in order to include that Tacoma neighborhood. Only three
neighborhoods in Seattle were excluded from consideration because their densities were

too high to match those found in suburban areas. Rather, there are few neighborhoods in
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the region that have the combined characteristics of medium population densities, highly
connected pedestrian systems, and reasonably compact commercial centers offering a
range of convenience services. Many neighborhoods, however, have two of these three
characteristics and could be made more supportive of pedestrian travel if the third piece

were improved.
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Figure 1. Kirkland-Redmond TAZ Employment Densities and Areas of Commercial
Development
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Figure 4. Population Density: Census Blocks with Greater than 10 Persons per Acre
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Aerial photo showing apartments outside of the center of Redmond. A large
concentration of apartments is highlighted by a thick black line. The white
circle is a one-half mile radius and is centered on a shopping area.
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Figure 6.  Aerial photo of apartments in Mountlake Terrace isolated from commercial
development. The thick black line surrounds the apartments.
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Figure 7. Aerial photo showing apartments near to, but separated from, Southcenter
shopping center. The thick black line surrounds a concentration of apartments.
The white structure at the bottom of the photograph is part of the mall.
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Figure 8. Major Supermarket Locations in Urban Areas with 1/2-Mile Radius Circles
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Figure 9. Locations of the 12 Sites (Study Areas)
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Figure 11. Madison Park (U) Land Use
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Figure 13. Queen Anne (U) Land Use
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Figure 15. West Seattle (U) Land Use
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Table 2.  List of Potential Sites Examined in Initial Site Selection Process
County Site name County Site name

King Ballard Pierce Fernhill

King Ballinger Terrace Pierce Fircrest

King Central Redmond Pierce Larchmont

King Crossroads Pierce Menlo Park

King Downtown Burien Pierce North Highland Hills
King Downtown Kirkland Pierce Oakbrook

King Factoria Pierce Proctor

King Juanita Pierce South Highland Hills
King Kent East Hill Pierce Westgate

King Kent Plains Snohomish  }Alderwood Interchange E.
King Kingsgate Snchomish Alderwood Manor
King Lake City Snohomish  |Casino Corner

King Madison Park Snohomish  [Chennault Beach
King Maplewood Snohomish  [College Place

King North City Terrace Snohomish  {Lake Ballinger

King North Highlands Snchomish  Mariner

King North Tacoma Snohomish  |Meadowdate

King Northgate Snohomish Mill Creek

King Sea-Tac Airport, northwest Snohomish Naketa Beach

King Paramont Park Snohomish  |North Mountlake Terrace
King Petrovitsky Snohomish  [Scribner Lake

King Poverty Bay Snohomish SE Mountlake Terrace
King Queen Anne

King Redondo

King Richmond Beach

King Sea-Tac

King South Des Moines

King Southcenter

King Sunset Hills

King Thorndyke

King Totem Lake

King Twin Lakes

King Wallingford

King West Seattle

King White Center

King Windsor Hills

King Woodinville
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Table 3.

Sites Used for Matching Urban and Suburban Site Characteristics

Urban (U) Sites

Suburban (S) Sites

Ballard, Seattie

Crossroads, Bellevue

Capital Hiil, 15th East, Seattle

Downtown Burien

Fremont, Seattle

Downtown Kirkland

Greenlake, Seattle

Fircrest, Tacoma

Northgate, Seattle

Kent East Hili, Kent

Phinney Ridge, Seattle

Kent Plains, Kent

Proctor District, Tacoma

Kingsgate, King County

Queen Anne, Queen Anne Ave., Seattle

Lake City Way at 125th St., Seattle

Roosevelt, Seattle

Mariner, Snohomish County

Wallingford, Seattle

Menlo Park, Tacoma

West Seattle, California St at Admiral Way, Seattle

Oakbrook, Pierce County

West Seattle, West Seattle Junction, Seattle

Sea-Tac, Burien

Table 4. Summary of the 12 Selected Sites
Sites Urban Site Design Characteristics Suburban Site Design
(U) Characteristics (S)
Group 1: Large Centers Ballard (Seattle) Kent East Hill (Kent)
Group 2: Large Centers Wallingford (Seattle) Crossroads (Bellevue)
Group 3: Medium Centers Queen Anne (Seattle) Mariner (Snohomish County)
Proctor District (Tacoma) Qakbrook (Pierce County)
West Seattle (Seattle)
Group 4: Small Centers Madison Park (Seattle) Juanita (Kirkland)
Kingsgate (King County)
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d for Each Site, by Block Groups
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Land Use Survey at Urban (U) and Suburban (S) Sites within Cordon Area
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3. SITE LAND USE AND DESIGN CHARACTERISTICS

Each of the 12 sites selected was studied for its detailed land-use and site design
characteristics. GIS maps served to describe these conditions, to measure the different
elements of the pedestrian facilities, and to relate the social attributes of the areas studied
to their physical characteristics.

GIS Maps

GIS maps were developed for each site to help define and analyze the physical
environment of each area in relation to its pedestrian facilities. Data came from a variety
of sources: parcel-based maps from local jurisdictions, county tax assessor’s files, census
information, aerial photographs (specifically Washington State Department of Natural
Resources Air Photo Series NW-95), and field work. Access to GIS databases was in
many cases difficult, with many jurisdictions reluctant at first to provide the information.
Also, the type and quality of data available varied greatly by jurisdiction, with most
requiring extensive follow-up field work. Table 8 summarizes the types and sources of
data obtained for the different sites.

All data relating to pedestrian facilities were verified by field measurements to
include roadway width, public sidewalks, crosswalks, bus stops, and traffic signals. Whén
original databases did not include buildings, those located in and near the commercial
center were traced from aerial photographs. Data on the location and amount of
commercial parking are being collected as part of a separate study of parking utilization
in medium-sized neighborhood commercial centers (Snyder, forthcoming).

The data for each site are available in Arc/Info and ArcView in a number of
separate layers, shown in Table 9.

- Matching Databases: Studv Area Definition
For each site, GIS maps combined several geographical areas that corresponded to

different sources of data and different analytical requirements. The largest area was
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approximately one-and-one-half mile square, and the smallest area delineated the
“cordon” surrounding the neighborhood commercial center. In between these two. areas
were the half-mile-radius pedestrian “catchment” area and what we called the “study
area.” Figure 22 and Figure 23 illustrate the different geographical areas for Queen Anne
(U) and Mariner (S), respectively.

The purpose of the large, square area (approximately two-mile square) was to
depict the overall context of the neighborhood selected. Variability in this area’s size
came from the process of matching GIS tiles to the site’s context. The cordon area refers
to the area defined as the neighborhood commercial center proper and sefved to establish
where counts were made of pedestrians entering the neighborhood center. The one-half-
mile radius area framed the territory within which people were likely to walk to the
center.

The defined study area was important for computational purposes: it was the area
for which final gross population density had been established, and from which site design
or urban form measurements were made. The area was defined by a combination of (a)
census-block geography (to establish population density), (b) the half-mile-radius
pedestrian catchment area, and (c) the specificity of each site—excluding bodies of water,
freeways, large parks, and areas beyond the reach of pedestrians because of topography.
While a perfectly balanced study area would include the 500 acres contained in a one-
mile circle, actual study areas for the 12 sites ranged from 350 to 550 acres. In suburban
sites, where census blocks often extend well beyond the half-mile circle, we performed
what we called “surgery,” cutting the size of the census block to conform with the half-
mile circle area. Surgery was performed only on those census blocks that were
homogeneous in development pattern or that included open space. Adjustments were then

_ made accordingly to compute densities and total population figures.
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Cordon Definition

As the smallest area, the cordon was an imaginary line encircling each one of the
neighborhood commercial centers. The cordon was established for the purposes of
counting pedestrians entering the commercial center (see Section 4, Pedestrian Volumes
Counts). It was drawn as a line separating the primarily residential zones from the
primarily commercial zones of the neighborhoods studied. {See figures 10 through 21
regarding maps of the 12 study areas’ land uses.)

In suburban sites, we placed office development located within the study area
outside of the cordon as a way to capture as much of the pedestrian traffic into the center
as possible. Most people will drive to their office, but they may walk to the commercial
center during the day for errands, lunch, or other purposes. In urban sites, fine-grained
distribution of land uses in the commercial zone are likely to include some office uses,
thereby putting these urban sites at a slight disadvantage with respect to their suburban
counterparts. However, the cordons in several urban sites excluded some of the area’s
commercial uses which often spread over large, and mostly elongated, areas-—reflecting
their origins as streetcar suburbs. Schools were also kept outside of the cordon, for the
simple reason that these institutions are traditionally kept at a substantial distance from
neighborhood commercial centers.

Matched sites had similarly sized cordon areas, though their shapes varied
considerably. Urban cordons tend to be elongated (following the old street car lines), and
suburban cordons tend to be concentric (in effect, more center-like).

Possible points of entry by pedestrians into the cordon were established from field
surveys, which included a detailed description of the conditions around the cordon (See
Section 4). These conditions vary considerably in suburban sites, where the commercial
center is usually isolated from its neighbors. In urban sites, points of entry correspond to

public streets.
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Definition of Measurements of Site and Pedestrian Facilities Design

A central concern of this project was to establish simple, yet effective measures of
site design that describe the characteristics of the pedestrian environment. Our work
called for distinguishing between high and low connectivity in the pedestrian system.
This was a difficult task for several reasons. First, even when land-use type and intensity
were controlled for, defining a site involves many variables that interact in a complex
fashion. Sites are made of different physical elements, such as streets with or without
sidewalks, and these elements come in different dimensions, such as wide and narrow
streets. Second, pedestrian routes within a site cannot readily be modeled, as pedestrians
are small, highly mobile “entities” who can use a great number and types of facilities, or
"paths,” within a site. Modeling pedestrian travel is especially difficult in suburban sites,
where a loose pattern of development with open land, undeveloped space, and parking
lots allows many route options. Keeping these difficulties in mind, we concentrated on
measures of what we termed the “potential” and the “actual” public pedestrian facilities.
We also measured routes that pedestrians can travel using both “formal” and “informal”
pathways. These terms are described below.

The “potential” public network relates to the streets, roadways, and their
networks, which may or may not contain actual pedestrian facilities. This network is
particularly important in suburban sites, where actual pedestrian facilities are few. Public
streets provide the primary connection between land uses and, being in the public realm,
are most easily available for the addition of pedestrian facilities.

The potential public network is measured in terms of its total extent and
distribution. Extent is defined by the total length of the street system in each study area.
Distribution is measured by the average size of blocks in each study area. Both measures
are important because it is possible to have an extensive network that is badly distributed,

and hence restricts, or does not facilitate, pedestrian access to some locations.
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The actual public pedestrian facilities are measured in terms of the extent of the
sidewalk system and the completeness of this system. As with streets, the extent of the
sidewalk system is defined as the total length of sidewalks in each study area.
Completeness is defined as the ratio of the length of the total existing sidewalk system to
the length of the potential sidewalk system, where all streets have sidewalks on both sides
‘of roadways. Another measure of the actual network is the mean distance between entry
points into commercial center. This measure indicates the de facto block size for the
pedestrian network and illustrates network distribution and permeability. In urban sites,
points of entry correspond to the street and cross-street network. In suburban sites, where
entry points may be through parking lots, they serve as de facto streets for pedestrians
entering the commercial center.

These measures of the potential and actual pedestrian system can bé computed as
“actual” and “adjusted” numbers. Adjusted measures are as follows:

° actual measures adjusted to the number of residents in the study area to
reflect the relationship between the amount of facilities and the population
to be served

° actual measures adjusted to a “complete” 500-acre area within one half-
mile of the center

e actual measures adjusted to the 128 acres that fall within a one-quarter

‘ mile radius of the site's center—approximately 25 percent of the study area

Actual figures were useful for comparing and understanding the characteristics
and potential of each specific site as is. Adjusted figures helped to compare sites,
generalize the findings, and analyze the effects of the different independent variables
considered.

Another set of measures was developed to define routes that pedestrians use
between housing units and their commercial center. Routes selected for travel were

assumed to contain both formal and informal pathways. Formal paths include those
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pedestrian pathways that are publicly accessible, reserved or clearly marked, and legally
protected for pedestrian use. Thus sidewalks, intersections, and marked crosswalks are
part of the formal network, but road shoulders and routes through parking lots do not
qualify as formal pedestrian pathways. However, because these informal paths are
common parts of the pedestrian network in suburban sites, they were included in the
selected routes. These routes were used to measure airline distances between housing
units and commercial centers, actual traveled route distances, and a calculated ratio of
these two measures to establish the pedestrian route directness.

Measures taken for the 12 sites are described in the following pages. Table 10
summarizes actual and adjusted measures of pedestrian facilities, within one-half mile
study area. Table 11 summarizes actual and adjusted measures of pedestrian facilities
completeness for one-quarter mile center of the study area. Figures 24 and 25 diagram
total sidewalk length (in miles), total street length (in miles), and mean block size (acres)

for a one-half mile and one-quarter mile around the center, respectively.

Measures of Potential Pedestrian Facilities
Total Length of Streets at Center Line

This measure indicated the extent of the roadway system and the potential for
pedestrian facilities in a given study area, assuming that it was most practical to link
pedestrian facilities with roadways. Figures 26 a, b, ¢ show actual street networks for the
12 study areas. The total length of streets adjusted to a 500-acre site varied from more
than 35 miles in urban areas (Proctor) to 6.5 miles in suburban areas (Kent). Clearly, the
total length of streets in the 12 sites selected was neither related to density of
development (Proctor being the urban site with the lowest density) nor to the size of the
commercial center (Kent being the largest suburban center studied). The measures of
street networks showed that in suburban areas, actual development patterns do not follow
the most elemental rule of infrastructure planning: infrastructure should relate positively

to the density and intensity of activities to be served.
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In urban sites, the portion of streets allocated to the quarter-mile area in and near
the commercial center was on average slightly lower than the 25 percent that the area
would justify, because blocks in and near the commercial center were slightly larger. In
suburban sites, the portion of streets in and near the commercial center was lower for all
sites except Kent, with Crossroads, Juanita, and Kingsgate recording less than 18 percent
of their streets in the one-quarter-mile area.

Mean Block Size

This measure complemented the total street length measure above to project the
distribution of streets in a given area. Consistent with the measures of street length, mean
block size for the half-mile study area were 2.7 acres for urban sites (approximate size of
a 300- by 400-foot block) and 31.7 acres for suburban sites (approximate size of a 1,000-
by 1,300- foot block). In the quarter-mile area, this variation was even larger, with a
mean urban block of 3 acres and a mean suburban block of 55 acres. This measure most
powerfully illustrated the dysfunctional nature of the suburban street infrastructure at the
site level for both pedestrians and motor vehicles; there is an inverse relationship between
roadway provision and the development’s density and intensity. Indeed, Kent and
Oakbroock had block sizes of 100 acres within one-quarter-mile of their commercial
centers (approximate size of a 1,400 by 3,000 feet block).

Measures of Actual Pedestrian Facilities

Total Length of Public Sidewalks

This measure indicated the extent of the public sidewalk system as the most basic

and formal pedestrian facility that can be provided. Figures 27 a, b, and ¢ show the actual
sidewalk networks for the 12 study areas. Networks varied considerably between urban
and suburban sites, with the longest public sidewalk system adjusted to a S00-acre site

- measuring 44 miles (Wallingford) and the shortest measuring 1.1 miles (Oakbrook)
within the half-mile study area. The mean length of sidewalks for urban sites was 37.6

miles, versus 7.8 miles in suburban sites. Sidewalks in urban sites were distributed evenly

- 57 -



throughout the study area, with approximately 25 percent of the total iéngth found in the
quarter-mile area for all urban sites. In large and medium-sized suburban sites with few
sidewalks, 40 percent of the total length of sidewalks were found in and near the
commercial centers (Kent and Mariner). In small suburban sites (Juanita and Kingsgate)
less than 18 percent of the sidewalks were in the quarter-mile surrounding their center.
Generally, sidewalks in suburban areas were only found along arterials and streets in
single-family areas. Hence suburban sites with relatively large amounts of single-family
development had by far the longest sidewalk network. This measure showed that as
important pedestrian facilities, sidewalks in suburban areas are not related, as they should
be, to density or intensity of development.

Sidewalk Completeness Ratio

This measure was a ratio of the length of the existing public sidewalk system to
the length of the potential system, where sidewalks line both sides of all roadways. The
ideal ratio is 1:1, indicating that a system is complete. A complete system is necessarily
continuous, but an incomplete system may not be continuous. To illustrate, an area with a
ratio of 0.5:1 would need to double the number of sidewalks to have a complete system.
However, this area might have sidewalks on one side of all roadways, making a
continuous but not complete system. It might also have sidewalks concentrated on both
sides of some streets with other streets having no sidewalks. This latter case creates a
discontinuous system and is common in suburban sites, where sidewalks are found along
arterials and in single-family developments but not in multi-family developments.

With respect to the 12 study sites, the ratios of sidewalk completeness for urban
sites was 1.0, with the exception of Proctor at 0.9. A}l suburban sites had ratios of
sidewalk completeness of less than 1.0, with a mean ratio for all suburban sites of 0.47.

_ Suburban sites would need to more than double the length of their sidewalks to have a

complete system on existing streets.
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Mean Distance between Entrv Points into Cordon

This measure was calculated as the average distance between possible pedestrian
entry points into commercial centers. Mean distance between entry points in urban sites is
551 feet, versus 1,010 feet in suburban sites. Note that these figures do not take into
account the significant difference in the quality of the pedestrian environment created by
streets as the principal entry points in urban sites, versus gates, locked gates, and small
passages as entry points in suburban sites. However, while the distribution of pedestrian
paths in suburban sites was appropriately more fine-grained than the street network, the
network was far too coarse to respond to the needs of pedestrians. This fact as confirmed
by the numerous informal paths found in suburban sites, which showed that pedestrians
take it upon themselves to improve the system’s permeability.

Measures of Routes Traveled

Measures of routes traveled depend on how the origin and the destination of the
pedestrian trip are defined. In all cases, destination was defined using the 100 percent
corner of each study area. Since services may be distributed differently around this
location in different commercial centers, this is an imperfect assumption. In a center with
clustered services, most services will be close to the 100 percent location. However, in a
center organized around a lengthy shopping street, as is common in the urban sites, some
services may be located one-quarter-mile away from the 100 percent location. The effects
of these differences in the spatial distribution of commercial services on route travel
measurements, and on pedestrian travel in general, are not always evident and are worth
additional study.

Two methods were used to define the trip origin. In the pilot study, the selection
of points of origin was based on geometrical considerations by using cardinal points and
~ fractions thereof. This method is appropriate for sites where dwellings, and therefore
people, are distributed in a regular pattern throughout the geographical area under

consideration. This was the case in most of the urban sites. However, this method does
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not provide an adequate measure of route directness for sites where the housing units are
distributed in irregular clusters. This was the case in suburban sites, where residential
densities were concentrated in the apartment developments scattered irregularly around
the site, usually around the edge of the commercial center.

In this study, therefore, points of origin of the pedestrian trip were selected on the
basis of a random sample of dwelling units in each study area to capture differences in
their spatial distribution of land uses. Tax assessors data provided the basis for the
selection. The greater of 35 dwelling units, or every hundredth unit in a study area, was
chosen as a point of origin. These origins and destinations were used to measure average
airline distances, average route distances, and route directness ratios for the 12 sites.
Figures 28 and 29 show examples of sampled origins and destinations, pedestrian routes,
and airline distances for an urban and suburban site. Table 12 summarizes these measures
for the sites.

Airline Distance

Airline distance was measured as the straight-line distance between sampled
origins and the 100 percent corner of each study area. The average (mean or median)
airline distance of all sampled origins is a measure of the compactness of each site. Both
the distribution of residential land in a site and the distribution of housing units within the
area with residential development will affect compactness. Residential land with high
dwelling-unit densities that immediately adjoin the commercial center decreases airline
distances and hence increases a site’s compactness. Dense concentrations of housing at
the site’s edge rather than at the center decreases compactness. Commercial areas with
large geographic extents also increase airline distance and decrease compactness. So does
land in non-residential uses such as parks, large institutional uses, and parking lots
separating residential land and the commercial center. Given the same directness of travel
routes (see below), a longer airline distance lengthens walking distances for most

residents, and will, therefore, likely decrease the incidence of walking.
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The compactness of the 12 sites is shown in Figure 30. The sites are ordered from
the least compact to the most compact site. Madison Park (U) was the most compact site,
with both mean and median airline distances between housing and the 100 percent corner
at about one-quarter mile. Thus, about one-half the housing units in Madison Park were
within one-quarter mile of the commercial center. This result was a function of the entire
site’s small size, the commercial area’s small size, and the immediate adjacency of
housing and commercial land uses. On the other hand, Kent (S) was by far the least
compact site, with an average airline distance of about four-tenths of a mile. In this case,
commercial land uses covered a large geographic area that pushed most residential land
uses to the site’s edge. As a result, half of Kent’s dweliing units were within slightly less
than half a mile from the 100 percent location.

Because this study was designed to have all urban and suburban sites as compact
as possible, there was not a simple split between urban and suburban average airline
distances. Between the two extremes of Madison Park (U) and Kent (S) were a mixture of
urban and suburban sites with average airline distances of about one-third mile.

Travel Distance

Travel distance in this study was measured as the shortest “formal” route that a
pedestrian could use between sample origins and the commercial center. Travel through
gates between an apartment complex and the commercial center was defined as a formal
travel route. However, trespassing through someone else’s property was not considered,
even if it was likely that some pedestrians would take such a route. Pedestrians were
assumed to cross streets at a marke;:l or unmarked legal crosswalks. Pedestrian routes in
parking lots only considered travel along the principal driveways into the parking lots.
Parking lots were principally used as travel routes in suburban apartment complexes and
in some suburban commercial centers.

Travel distance establishes how many people can actually walk one-half mile or

less between their house and the neighborhood commercial center. As such, this measure

- 61 -



can be used to determine how many people or housing units fall within a half-mile
catchment area as defined by actual travel routes. In Hess’s pilot study (1994), this
measure was termed the site’s “effective” density and was depicted as the “distance
contour” of the study area—the distance contour being the area of the site that includes
all the dwellings within a one-half-mile travel distance to the commercial center. Hess
established that Crossroads’ (S) effective density was 49 percent of the density of units
within the one-half mile geographic area—meaning that only half of the dwellings fell
within a half-mile travel distance of the center. In Wallingford (U), this number was 73
percent.

In this study, travel distance was expressed as an average route length between the
sampled origin and destination. Mean and median travel distances are shown in Figure
31. Each one-hundredth of a mile increase in travel distance represents approximately an
additional 50 feet. Unlike in the airline distance measure, a break existed between urban
sites with shorter travel distances and suburban sites with longer travel distances.
Kingsgate (S) had the shortest suburban mean travel distance, although it was
approximately 150 feet longer than the longest urban mean travel distance (West Seattle).
Itis knowﬁ that pedestrians are very sensitive to walking distances and that there are
thresholds over which people are much Iess likely to walk. It is not known exactly where
the thresholds are, but clearly the longer walking distances in suburban sites discourage
pedestrian travel. Most suburban sites have average travel distances of one-half mile or
more, the outside limit of “reasonable” walking distances for most people.

Route Directness Ratio

Route directness is measured by a ratio of travel distances to airline distances. A
hypothetical ideal ratio of 1:1 indicates that all routes in a site are straight paths between
housing units and the center. On the other extreme, a ratio of 2:1 would indicate that
travel routes are twice as long as straight line distances. Figure 32 shows the actual route

directness ratios for the 12 sites.
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As with travel distances, a break existed between urban and suburban
measurements. Reflecting similarly fine-grained street networks with small block sizes,
urban sites had similarly direct travel routes, ranging from 1:1.23 in Madison Park (U) to
1:1.32 in Wallingford (U). Large block sizes, especially around commercial centers,
affected the directness of suburban routes. Mariner (S), with a ratio of 1:1.80, had the
least direct suburban pedestrian routes, and Crossroads (S), with a route directness ratio
of 1:1.49, half the most direct suburban travel routes. The indirectness of suburban
pedestrian routes explains why all suburban sites had longer walking routes than urban
sites, even though some suburban sites were more compact than their urban counterparts.

Measures of average airline distance, average route length, and route directness
could clearly be refined, taking into account the actual time distance between origins and
destinations (including signalization and specific route characteristics). In addition, these
measures could reflect the quality and relative safety of the pedestrian trip, as defined by

the characteristics of the sidewalks.
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Figure 22. Study Area Boundaries for Queen Anne (U)
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Figure 27a. Sidewalk Networks for Ballard, Kent, Wallingford, and Crossroads
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Figure 28. Sampled Origins, Destinations, and Pedestrian Routes for Queen Anne (U)
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Table 8. Data Sources for GIS Layers

Site

Data Sources

Ballard, Madison Park, Queen Anne,
Wallingford, West Seattle

City of Seattle: Arc/Info coverages of parcels and buildings;
King County Tax Assessor parcel data

Kent East Hill City of Kent: DXF files of parcels and buildings

Crossroads City of Bellevue: Arc/Info coverages of parcels and sidewalks

Proctor City of Tacoma: AutoCad files of roadways, sidewalks,
buildings, and parking; Arc/Info coverages of parcels

Mariner City of Everett: Arc/Info coverages of parcels and buildings;
Snohomish County Tax Assessor parcel maps

QOakbrook Pierce County: Tax Assessor parcel maps

Kingsgate King County: Arc/Info coverages of parcels and street
centerlines

Juanita City of Kirkland: Arc/Info coverages of parcels and sidewalks

Table 9. GIS Layers Created for All 12 Sites

GIS Layers

buildings

bus stops

census block groups

census blocks

cordon

cordon entry points

cordon observation points

crosswalks

half-mile distance circle

land uses

off-street parking

parcels

public sidewalks

roadways

street center lines

_{street rights-of-way

study area boundaries

traffic and pedestrian signals
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Table 10. Study Area Characteristics within the 1/2-Mile Area
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Table 11. Study Area Characteristics within the 1/4-Mile Area
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Table 12. Route Length, Airline Distance, and Route Directness

Site Mean Airline | Median Airline | Mean Route Median Route iRoute Directness
Distance (mi) | Distance (mi) Length (mi) Length (mi)
Ballard 0.32 0.33 0.40 0.42 1.24
Madison Park 0.25 0.20 0.31 0.27 1.23
Proctor 0.35 0.36 0.43 0.45 1.25
Queen Anne 0.34 0.33 0.43 0.43 1.29
Wallingford 0.27 0.27 0.36 0.34 1.32
West Seattle 0.35 0.36 0.44 0.45 1.28
Urban Average 0.31 0.31 0.40 0.40 1.27
Crossroads 0.36 0.36 0.54 0.50 1.49
Juanita 0.28 0.27 0.49 0.47 1.76
Kent 0.43 0.45 0.66 0.62 1.57
Kingsgate 0.30 0.29 0.47 0.50 1.57
Mariner 0.30 0.29 0.54 0.54 1.80
Oakbrook 0.28 0.28 0.50 0.42 1.77
Suburban Average 0.33 0.32 0.53 0.51 1.66
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The goal of this part of the project was to establish an expedient yet effective
method for determining pedestrian traffic volumes into the neighborhood commercial
centers. Short of conducting travel surveys, the best method for finding out how many
people walk or bicycle to or from the neighborhood commercial center is to count them
as they enter the area. Borrowing from Gehl's and Grgnlund's extensive research in
Scandinavia (Gehl 1980), we counted people entering a territory surrounding the
neighborhoods’ commercial centers. As explained in the previous section of this report,
this territory was defined by a “cordon.” Each cordon had a variety of “points of entry.”
Cordon Points of Entry

Points of entry included all pedestrian routes or “openings,” no matter how small,
that people could use to penetrate the commercial center of each site from the residential
area. Points of entry into the cordon area were established by walking along the edge
between commercial and residential land uses and recording any place through which
pedestrians could pass.

In urban areas, points of entry are usually defined by the cross-streets leading to
the neighborhood commercial centers. However, people can also move through vacant or
parking lots—“missing teeth” in the urban fabric—if those are left open and unfenced.
Alleyways leading to the centers are also considered points of entry. There were 8 to 20
points of entry into the cordon in our urban sites. |

In the suburban sites, points of entry into the cordon area were more ambiguous
because suburban commercial centers are often surrounded by parking lots that are, by
definition, easily permeated by pedestrians. As a result, cordon edge conditions were
_ studied via detailed on-site analyses to identify points of entry into the suburban sites. We
found many of the suburban parking lots surrounded by “elements” that constituted more

or less of a barrier across the cordon, depending on the physical ability of the person
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walking: e.g., a planted area, a fence, smail walls (a 2-ft tall wall is relatively easily
overcome by a pedestrian). In addition to a few side streets, openings into suburban
cordons included gates and small passages in fences. Less formal entry points took the
form of holes that people had made in fences and passages forced through hedges or
bushes of all kinds. Because blocks were larger in suburban areas and because most
properties were surrounded by fences, there were fewer points of entry in suburban sites
than in urban ones. Suburban sites had 6 to 13 entry points.
QObservation Points

Observation points were fhe points at which pedestrians entering the cordon could
be counted. These points differed from points of entry into the cordon only in cases
where two entry points could be observed at the same time. The number of observation
points was smaller than the number of entry points. Observation points were established
from site inspections.

Figures 33 and 34 illustrate the edge conditions, entry points, and observations
points around the cordons for Wallingford (U) and Crossroads (S), respectively. Table 13
shows the number of entry points and observation points for all sites.
Pedestrian Counts

All pedestrians crossing the cordon were counted at given periods of time. To
complete counts of non-motorized trips, bicyclists were counted crossing the cordon.
Both pedestrians and bicyclists moving along the cordon but not entering the commercial
center at that observation point were also recorded. The definition of the cordon was such
that in suburban sites, most people crossing the cordon either left their car at home, at the
office, or did not have access to a car. In urban centers, however, the comparatively low
availability of private parking and the predominance of on-street parking made it possible
for some people to cross the cordon who came by car but parked on-street outside the

neighborhood center. The position of the cordon points in urban sites allowed observation



of “parkers” within two blocks of the center. These people were excluded from the

pedestrian counts.

Specific data about pedestrian and bicyclist socio-cultural and behavioral

characteristics were also gathered to the extent possible. These data included the

following:
. the person’s approximate age, gender, and race
o the surface used before, during, and after crossing the cordon
° the person’s travel speed
° whether people moved alone or in groups
.  whether accompanied by a child or dog
. whether they were in a wheelchair or otherwise impaired.

Figure 35 shows the instrument used to record data on pedestrians entering the
cordon. Field notes were also encouraged to record any unusual circumstance, as well as
general impressions of the site and the people.

Protocol for Countin

Counts followed a strict protocol on each site. All points of entry into the cordon
were observed for two hours each—with the total number of hours of observation for
each site varying accordingly. All observations were made during good weather, taking
into account the unprotected conditions of non-motorized travel. Unusually wet weather
in April and May, followed by unusual hot spells and general irregularities in weather
patterns throughout the summer, made the task more difficult than anticipated.
Furthermore, the two hours of observation were distributed into weekdays and Saturdays
(70 minutes and 50 minutes, respectively) to take into account and to provide a sense of
possible differences in travel behavior between working and non-working days. To
ensure high pedestrian counts, observations were also spread through important hours of

the day for non-motorized travel: lunch hour (30 minutes), after school (20 minutes),
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early evening for the weekday (20 minutes), and late morning to mid-afternoon for
Saturdays (50 minutes total).

Ideally, there should have been one observer at each point of entry for each period
of observation to count all pedestrians and bicyclists entering into the cordons. Obvious
limitations in the number of observers available for the study (three in most cases) led to
distributing the observations into shorter periods of 15 and 20 minutes so that the
observers could cover up to five points of entry for each period of the day being
observed. |

In summary, the three periods of observation for each site were as follows. Figure
36 shows the site protocol used for Wallingford.

Weekday:
11:00+ AM to 2:00+ PM (2 x 15 minutes for a total of 30 minutes per point of

entry)

3:00 PM to 6:00+ PM (2 x 20 minutes for a total of 40 minutes per point of entry)

Weekend:

10:30 AM to 3:00 PM (2 x 15 minutes and I x 20 minutes for a total of 50
minutes per point of entry)

A specific observation schedule was designed to fit each site with its
corresponding number of observation points.

Counts were done on warm, sunny days. However, as mentioned earlier, weather
conditions varied from site to site. For example, observations on some sites took place
within a long period of good weather, whereas others occurred on a “special” day in the
midst of a long period of rain. In the latter cases, one could expect that more people were
out walking than if the weather had been good over a longer period. Temperature also
affects the number of pedestrians. Some of our observations took place on particularly hot
days for the Puget Sound, when one could expect fewer people to be walking than usual.'

Table 14 shows the actual schedule of counts and related weather conditions.
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Table 13. Entry and Observation Points into the Cordon

Entry Points | Observation Points

Ballard 20 15
Madison Park 13

Proctor 13 8
Queen Anne 17 12
Wallingford 18 14
West Seattle 12 8
Urban Average 16 11
Crossroads 6 5
Juanita 6 5
Kent 12 10
Kingsgate 6 6
Mariner 11 8
Oakbrook i3 8
Suburban Average 9 7
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Table 14. Schedule of Counts Completed and Related Weather Conditions

Site Weekday (WDY/ Period Date Weather
Weekend (WE)
Ballard WD Noon 6/12/96 Low-mid-high 60s breezy
Ballard wD Afternoon 6/13/96 68-70s Sunny
Ballard WD Noon/Afternoon 6/12/96 Sunny 70s
Ballard WD Noon/Afternoon 6/11/96 Partly sunny 60s windy
Ballard WD Evening 71596 mostly sunny 80s
Ballard WD Evening 7/9/96 low 80s sunny breezy
Ballard WD Evening 7/10/96 70s-80s sunny windy
Ballard WE Morming/Noon/Afternoon 6/1/96 Partly sunny low 70s
Ballard WE Moming/Noon/Afternoon 6/1/56 Partly sunny low 70s
Ballard WE Moming/Noon/Afternoon 6/1/96 Thin clouds 65-70
Crossroads WD Noon/Afternoon 6/20/96 Sunny 70s
Crossroads wD Evening 6/20/96 Sunny 70s
Crossroads WE Morming/Noon/Afternoon 7126/96 Sunny breezy 84
Juanita wD Moming/Noon/Afternoon 6/4/96 Partly cloudy 65
Juanita WE Moming/Noon/Afternoon 8/23/96 Sunny 80
Kent East Hill WD Noon/Afternoon 6/5/96 Sunny high 60s
Kent East Hill WD Noon/Afternoon 6/5/96 Sunny 65-70
Kent East Hill WD Evening 6/12/96 Sunny
Kent East Hill WD Evening 8/12/96 Sunny 75
Kent East Hill WE Moming/Noon/Afternoon 6/8/96 Some clouds 60s
Kent East Hill WE Moming/Noon/Afterncon 6/8/96 Sunny 70
Kingsgate WD Noon/Afternoon 6/5/96 Sunny 70
Kingsgate WD Evening 6/5/96 Sunny 70-73
Kingsgate WE Moming/Noon/Afternoon 7/26/96 Up to 90, Breezy very'sunny
Madison Park wD Noocn 5/9/96 Sunny 65
Madison Park wD Afternoon 5/30/96 Clouds
Madison Park WD Noorn/Afternoon 6/3/96 Sunny ~70
Madison Park WD Evening 6/26/96 Sunny 70s
Madison Park WD Evening 6/27/96 Sunny 70s
Madison Park WE Moming/Noon/Afternoon 8/17/96 Partly sunny, 70
Madison Park WE Moming/Noon/Afternoon 9/28/96 Foggy 60s
Mariner WD Nocn/Afternoon 9/10/96 Sunny 70
Mariner WD Neon/Afternoon 9/10/96 Sunny 70
Mariner WD Evening 8/5/96 Sumy 70
Mariner WD Evening 8/5/96 Sunny 70
Mariner WE Mormning/Noon/Afternoon 9/28/96 Clouds to Sunny 30 - 65
Mariner WE Moming/Noon/Afterhoon 9/28/96 Sunny 70
QOakbrook WD Noon/Afternoon 9/10/96 Sunny 75
Oakbrook WD Noon/Afternoon 9/10/96 Sunny 75
Oakbrook WD Evening 9724196 Sunny 65
Qakbrook WD Evening - 9/24/96 Sunny ~70
Qakbrook WE Moming/Noon/Afternoon 9/28/96 65-70 Beautiful sunny day
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Table 14 (cont.) Schedule of Counts Completed and Related Weather Conditions

Qakbrook WE Moming/Noon/Afternoon 9/28/96 635-70 Beautiful sunny day
Proctor WD Noon/Afternoon/Evening 9/11/96 Partly sunny ~70
Proctor WD Noon/Afternoon/Evening 9/11/96 Partly sunny ~70
Proctor WE Moming/Noon/Afternoon 8/10/96 Sunny 85

Proctor WE Morming/Noon/Afternoon 8/10/96 Sunny 85

Queen Anne WD Noon/Afternoon 6/6/96 Mostly sunny 70s
Queen Anne WD Evening 7/2/96 Partly sunny windy 75-80s
Queen Anne WD Noon/Afternoon/Evening 6/6/96 Partly sunny 70s
Queen Anne WE Moming/Noon/Afternoon 10/19/96 Sunny 60

Queen Anne WE Morming/Noon/Afiernoon 10/15/96 Sunny 60
Wallingford WD Noon 9/11/96 Sunny 70
Wallingford WD Afternoon 6/13/96 Sunny Very HOT!
Wallingford WD Noon/Afternoon 6/159/96 No clouds low 70s slight breeze
Wallingford WD Noon/Afternoon 6/19/96 Sunny high 60s to 70s
Wallingford WD Evening 7/16/96 Mostly sunny 70s
Waillingford WD Evening 7/8/96 Sunny high 70s
Wallingford WD Evening 717496 Sunny 80
Wallingford WE Moming/Noon/Afternoon 7/13/96 No Clouds 70-90s
Wallingford WE Moming/Noon/Afternoon 6/30/96 Sunny over 70 got HOT!
Wallingford WE Moming/Noon/Afternoon 7/13/96 No Clouds 70-90s
West Seattle WD Noon/Afternoon 9/9/96 Sunny 72

West Seattle wD Noon/Afternoon 9/9/96 Sunny 72

West Seattle WD Evening 7/30/96 Sunny 75

West Seattle WD Evening 7/30/96 Sunny 75

West Seattle WE Morming/Noon/Afternoon 10/12/96 Sunny through clouds 50 - 65
West Seattle WE Morming/Noon/Afternoon 10/12/96 Sunny through clouds 50 - 65

WD counts were approximately 11:15 to 2:15 for noon, 3:00 to 4:20 for afternoon, and 5:20 to 7:00 for evening.
WE counts were approximately 11:00 to 12:00 for moming, 12:30 to 1:30 for noon, and 2:00 to 3:20 for afternoon.
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III. ANALYSES OF FINDINGS

1. GENERAL FINDINGS

Pedestrian volumes were recorded for each period of observation and each day
(weekday and weekend) when observations took place. Pedestrian volumes were
established as follows:
¢} total number of actual trips, as counted during the observation time, or total
number of trips per hour of observation
(2) total number of trips adjusted to the number of residents (in the 1,000s) in the
study area to reflect the percentage of the resident population walking to the
neighborhood commercial center; these figures accounted for the differences in
actual poﬁulaﬁon density of the different sites

3) total number of trips adjusted to a “complete” 500-acre site, equivalent to.a full
half-mile area site; these figures took into account the differences in the size of the
study areas based on the individual sites’ configurations.

As in the case of measuring the site and pedestrian facilities design characteristics,
actual numbers of pedestrians reflected the actual population of pedestrians in each site.
The actual volumes (pedestrians per hour) were useful to compare and understand the
characteristics and potential of each site as is. Adjusted numbers helped to generalize the
findings, to make the sites comparable, and to analyze the effects of the different
independent variables under consideration. Table 15 summarizes the total number of trips
into each site’s commercial center, showing actual and adjusted figures.

Actual numbers of pedestrian trips into the commercial center were larger for the
urban sites than for the suburban sites, with the exception of Crossroads (S) and Proctor
(U) with 112 and 105 pedestrians per hour, respectively. However, at 551 acres,

Crossroads was larger than a full 500-acre site, whereas Proctor’s study area only covered



461 acres. Furthermore, Crossroads’ density was 12.3 persons per acre versus 9.6 in
Proctor, and Crossroads had a larger commercial center than Proctor.

With pedestrian trip volume figures adjusted to the population living in the sites,
Queen Anne (U), Ballard (U), Madison Park (U), and Wallingford (U) continued to lead,
with the largest numbers of pedestrian trips per hour per 1,000 residents and the largest
numbers of pedestrian trips adjusted to a full 500-acre site. Proctor (U), because of its low
density, performed better than West Seattie (U) when the numbers of pedestrians were
adjusted per 1,000 residents. On the other side of the spectrum, the sites with the lowest
numbers of pedestrians, Juanita (S) and Kingsgate (S), performed similarly when adjusted
to their respective population or to a full 500-acre site. Crossroads (S) and Mariner (S)
had similar pedestrian volumes adjusted for both population and a full site, as did
Qakbrook (S) and Kent East Hill (S).

Figures 37, 38, and 39 list the order of sites by pedestrian volume for actual and
adjusted figures. They show substantial differences in the pedestrian volumes between the
12 study areas, with variations from 8 to 52 pedestrians per hour per 1,000 residents, or
from 50 to 379 pedestrians per hour per 500-acre site. A marked difference in pedestrian
volumes was noted between urban and suburban sites. All the urban sites had more
pedestrians than the suburban sites.

Pedestrian Trip Volumes and Size of Centers—Matched Groups

As expected, in each group of sites matched on the basis of the size of the
commercial center, urban sites always had higher numbers of pedestrians trips than their
suburban counterparts. However, the size of the commercial center did not correlate with
the volumes of pedestrians. Ballard (U) and Wallingford (U), as large urban commercial
centers, had fewer pedestrians than Queen Anne (U), with a medium-sized center, and
Madison Park (U), with a small center, respectively. Adjusted volumes for Kent (S), on
the other hand, were lower than those of Crossroads (S), Mariner (S), and Oakbrook (S),

even though Kent (S) was the largest commercial center site. Crossroads (S), though
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smaller than Kent (S}, has a large commercial center and comparatively large numbers of
pedestrians. Finally, Juanita (S) and Kingsgate (S) had the lowest volumes of pedestrians
and the smallest commercial centers.

These results indicate that the size of a neighborhood center is not related to
pedestrian volumes into the center. The results for urban sites showed no pattern in this
relationship. Only for suburban sites was it possible to infer that neither very large centers
such as Kent, nor small centers, such as Juanita and Kingsgate, generate high pedestrian
volumes. In this study, medium-sized suburban center sites generated the largest numbers
of pedestrians.

Pedestrian Trip Volumes and Density

The relationship between population density and pedestrian trip volumes also
showed a difference between the urban and the suburban sites. The urban sites appeared
to be more sensitive to density than the suburban ones, with Proctor (U) and West Seattle
(U) having the least numbers of pedestrians of all the urban sites, as well as the lowest
densities. No such relationship existed in the suburban sites. This may be explained in
part by the fact that variations in density were largest for the urban sites selected (from
15.7 persons per acre in Waillingford to 9.6 in Proctor), whereas these variations were
minimal in suburban sites (12.9 people per acre in Juanita to 11.5 in Kingsgate).
Pedestrian Trip Volumes and Site and Pedestrian Facilities Design Characteristics

Figure 40 plots measurements of total length of streets, mean block size, and total
length of sidewalks in relatioh to the volume of pedestrians for each site in descending
order. This analysis shows once again that the sites fell into eithér the urban or the
suburban category. While the curve of pedestrian volumes slopes down, the values of site
and pedestrian facilities design measures jump sharply up (for block size) and down (for
total street and sidewalk lengths). The fact that the sharp difference in site and pedestrian
facilities design measures is not matched with a sharp difference in pedestrian volumes

indicates that pedestrian volumes are affected by other variables (including smail
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variations in the control variables of density, land use, and income, as well as other
variables such as the actual quality of the retail provided, census population age, and
household composition).

- The relationship between pedestrian volumes and the pedestrian route directness
measur;s was similarly split between urban and suburban sites. Suburban sites had longer
pedestrian routes and smaller pedestrian volumes than urban sites. Reflecting the
influence of other variables, however, this relationship was not linear. Both Mariner (S)
and Crossroads (S) had longer average route lengths than other suburban sites (except
Kent), but they had higher pedestrian volumes. Still, route based measures add another
explanatory variable to the differences between urban and suburban sites. The
exceptionally long routes in Kent, due to the large commercial center, help explain the
low pedestrian volumes.

Given these analyses relating pedestrian volumes to size of commercial center and
density, the research results confirmed our initial hypothesis: pedestrian volumes are
associated with the site's design characteristics and pedestrian facilities. Sites with urban
characteristics consistently performed better than sites with suburban characteristics. All
analyses indicated that the distinctions between urban and suburban sites and pedestrian
facilities design characteristics were the primary explanation for the differences found in
pedestrian volumes. Clearly, then, site and pedestrian facilities design characteristics
must be taken into account beyond such traditionally used variables as density, income,
and land use to explain pedestrian travel.

Pedestrian Volumes: Urban Versus Suburban Sites

On average, urban sites have three times as many pedestrians as suburban sites;
there were 38 pedestrians per hour per 1,000 residents in urban sites versus 12 in
suburban sites. However, variations in pedestrian volumes within the categories of urban
or suburban sites were substantial. Sites with the highest numbers of pedestrians in either

urban or suburban category had two to three times as many pedestrians as sites with the
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lowest numbers of pedestrians: Queen Anne (U) and Ballard (U) each had more than
twice as many pedestrians as Proctor (U) or West Seattle (U); Crossroads (S) and Mariner
(S) each had twice as many pedestrians as Juanita (S) or Kingsgate (S). These significant
variations within each category indicate that, though clear and convincing, the
explanatory power of the distinction between urban and suburban must rely on multiple
measures of site and pedestrian facilities design characteristics.

Furthermore, within both urban and suburban sites, the values of any of the
different site design and pedestrian facilities measures did not relate directly to pedestrian
volumes. Madison Park (U), for instance, had fewer sidewalks than Wallingford (U), yet
more pedestrians per hour per 1,000 residents. Oakbrook had almost no sidewalks and yet
had the third highest suburban rate of pedestrians per 1,000 residents and per 500-acre
site. Additional work is needed to explore the significance of any one or any combination
of the measures of site and pedestrian facilities_ design characteristics in relation to
pedestrian volumes. At this point, we can state that, given appropriate controls for
density, income, and land use, pedestrian volumes are affected by a combination of site

and pedestrian facilities design characteristics.
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Figure 37. Pedestrian Trip Volumes, Actual per Hour
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Figure 39. Pedestrian Trip Volumes, Adjusted per 500-Acre Site
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Figure 40. Pedestrian Trip Volumes by Site Design Measures



Table 15. Total Pedestrian Trip Volumes per Hour, per 1000 Population and per a Fuli,

500-Acre Site, in Matched Group

Site Actual Pedestrians| Pedestrians per hour per | Pedestrians per hour
per hour 1,000 residents per 500 acre site
Large Centers
Ballard 299 50 355
Kent 85 12 79
Large Centers
Wallingford 271 36 280
Crossroads 112 16 98
Medium Centers
Proctor 105 24 105
Queen Anne 360 52 379
West Seattie 118 22 130
Mariner 78 i6 103
Oakbrook 40 14 85
Small Centers
Madison Park 152 42 296
Juanita 4] 8 50
Kingsgate 54 9 52
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Age

The approximate age of pedestrians was recorded in three broad categories: under
18, between 18 and 65, and over 65. Comparisons were made between the age of the
pedestrian population with the age of each site’s population. Figure 41 shows the
pedestrian volumes by age category.

Except for Kent (S), Mariner (S), and Kingsgate (S), the majority of pedestrians at
the other sites were between 18 and 65. At the other three suburban sites, more young
people were walking than people in the two older age categories. Mariner (S) had similar
numbers of young and medium-aged pedestrians. In the urban areas, the numbers of
young and older pedestrians were low, except for Proctor, which had more young
pedestrians, and Ballard, which had more elderly pedestrians. In the suburban areas, the
number of older pedestrians was far lower than the number of either young or medium-
aged pedestrians, except for Juanita. |

In the urban sites, on average, 114 percent more young people were walking than
were in the population census, but the comparative numbers were similar for medium-
aged and older pedestrians. In the suburban sites, there were 182 percent more young
pedestrians, 121 percent more older pedestrians, and 28 percent less medium-aged
pedestrians than people of those age groups in the census population. Figure 42 plots the
difference between the age of the census population of each site and the age of its
pedestrian population. Young pedestrians are clearly over-represented in suburban sites, a
reflection of the lack of transportation options available to the young. Proctor (U, 146
percent), Crossroads (S, 184 percent), Kent (S, 248 percent), Kingsgate (S, 184 percent),
Mariner (S, 209 percent), and Oakbrook (S, 161A percent) had substantially higher

percentages of young pedestrians than young people found in the census population.
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These figures raise serious questions regarding the safety of young pedestrians in
suburban sites with few, if any, pedestrian facilities.

Expectedly, the driving-age population (between 18 and 65) was underrepresented
in suburban sites—Crossroads (74 percent), Juanita (84 percent), Kent (52 percent),
Kingsgate (64 percent), and Mariner (66 percent). It was also underrepresented in Ballard
(87 percent) and Proctor (84 percent).

As for older pedestrians, Ballard (U, 145 percent), Crossroads (S, 136 percent)
and Juanita (S, 341 percent) had a higher percentage of these pedestrians than senior
citizens found in the census population. Kent (60 percent), Kingsgate (64 percent), and
Oakbrook (37 percent) had lower percentages of older pedestrians than seniors found in
the census population.

Race

Pedestrians were initially categorized by ethnicity as White, African-American,
Asian, and “Other.” People of Latin heritage were recorded as being in “Other.” Because
of difficulties in recording this information accurately on site and the small sample size,
these categories were combined into two groups of “Caucasian-looking” and “People of
Color-looking” pedestrians. As with the age data, the pedestrian volumes of each
category were compared to the census population data for each site.

On average, almost 90 percent of pedestrians counted in the urban sites were
Caucasian-looking. In the suburban sites, this average dropped to 71 percent, ranging
from 63 percent in Mariner and Crossroads to figures comparable with urban sites in
Juanita.

Figure 43 shows the percentages of Caucasian-looking people and People of
Color of all pedestrians counted. Figure 44 illustrates the ratio of the percentage of
pedestrians of Color relative to their census population. With the exception of Queen
Anne (U), Wallingford (U), Ballard (U), and Juanita (S), all sites had a disproportionately

high number of pedestrians of Color relative to their population. At 919 percent,
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Crossroads (S) had the highest percentage of pedestrians o% Color in comparison to the
census. Among the urban sites, Proctor (300 percent), West Seattle (339 percent), and
Madison Park (210 percent) had substantially higher percentages of pedestrians of Color
than People of Color in the census population.

Note that this study’s suburban sites were more ethnically diverse than the urban
sites and the Puget Sound’s population in general. The over-representation of pedestrians
of Color walking into this study’s commercial center raises equity questions. More so
than for the high proportion of young people walking, the reasons that People of Color
are walking are complex. They may have restricted access to automobiles, they may be
culturally inclined to walk, or their shopping habits may be different from those of
Caucasians. In any case, it is important to provide these pedestrians with adequate and
safe facilities.

Gender

The distribution of female and male pedestrians was close to 50 percent at most
sites, except for Madison Park (U), Proctor (U), and Oakbrook (S), where more than 55
percent of the pedestrians were females. West Seattle (U) and Mariner (S) were the only
sites where fewer female pedestrians were counted than males, at 43 percent of the total
pedestrians counted. Figure 45 shows the percentage of female pedestrians and the
relationship between the number of female pedestrians counted and the study areas’
census populations. Ballard (U), West Seattle (U), Kingsgate (S), and Juanita (S) had
ratios of fewer female pedestrians than found in the census population. Gakbrook (S) and
Proctor (U) had a higher representation of female pedestrians than women in the census
population, at 116 percent and 109 percent, respectively.

Overall, there seemed to be no marked imbalance between male and female
- pedestrians in any of the sites, especially in comparison to the differences found with

respect to age and race.
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Figure 41. Pedestrian Trip Volumes by Age: Young (under 18), Medium-aged, Older

(over 65)

Crossroads  Juanita Kent Kingsgate Mariner Oakbrook  Suburban

Proctor  Queen Anne Wailingford W. Seattle Urban

Madison

Ballard

Average

Average

Park



abuieay ofrsany ¥ed
S3LS TV | usgingng | oospeQ JeuuRH ejebsBury ey ejuens 8peossi]) ueqn piojbuiepy,  @MBag A SuUY USBND  10jO0Id UOSIPEN piejeg
b + } ¥ b + 4 B T R B T -4 B t ¢ - %0

%08

%004

%084

%002

%082

%00€

- - B e “ . - NN - . O\Qomm

SNSUSY 0} SUBLISAPad 19PI0) |ENOY JO oljeY — B —
$N5UST) O} SUBLISOPS PEBY-WNIPSIY IBNIOY JO ONEY exmfimm
SNSUBY) 0} SUBLISEPad BUNCA 1BNIDY JO CIIBY - - € - -

- 108 -

Figure 42. Pedestrian Trip Volumes by Age, Comparison to Census Population
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Figure 44. Pedestrian Trip Volumes by Race, Comparison to Census Population
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Figure 45. Pedestrian Trip Volumes by Gender, Comparison to Census Population
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3. VARIABILITY IN PEDE N T
Variability within Specific Site

The actual and adjusted volumes of pedestrians walking into the commercial
centers provided interesting insights about the characteristics of the individual sites, as
well as about this project’s definition of the study area. The following are comments
regarding some of the sites that require specific attention.

The high pedestrian volumes at Queen Anne (U) were likely influenced by the
fact that the study area was adjacent to the South Slope of Queen Anne, one of the
highest density residential districts in Seattle. That fact may have been mitigated by the
sharp topographical differences between the study area and the South Slope, restricting
pedestrian access to the commercial center. However, within the Queen Anne’s study
area, significant changes in the slope of the terrain should also have acted as a deterrent to
pedestrian travel.

The Wallingford (U) low adjusted pedestrian volumes relative to Ballard (U),
Queen Anne (U), and Madison Park (U), could be considered a surprise in view of the
popularity of the area. It could be explained by the difference in topography in the area
south of Wallingford’s main commercial street, 45th Street NE. Note that the actual
numbers of pedestrians in Wallingford were almost as high as in Ballard. The latter’s
adjusted figures benefit from the fact that Ballard was a “partial” site, with a significant
part lying in the water.

Madison Park’s (U) high pedestrian volumes were greatly helped by the definition
of the study area because low-density residential development to the west of the
commercial center (Broadmoor) was excluded from consideration. In actual numbers,

Madison Park had almost half of the pedestrians that Wallingford (U) had.
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Juanita (S) had more actual numbers of pedestrians walking into its center than
Kingsgate (S). However, Juanita’s relatively high density within the half-mile area made
it a poor performer in comparative terms.

Variability by Observation Times

Pedestrian counts were carefully distributed through specific periods of the
weekday and the weekend to capture as much of the pedestrian traffic as possible—lunch
time, the after-school period, and pre-dinner time during the weekday, and late morning
to mid-afternoon for Saturday counts. Results showed variety in pedestrian volumes
during these different counting periods, both within the urban/suburban site categories
and between them. The time allocated to counting during these periods was too short to
draw any meaningful conclusions from these variations. Figure 46 shows the weekday
and weekend totals, adjusted per hour per 1,000 residents. As expected, there were more
pedestrians on Saturdays than on weekdays at all sites, except Kent (S) and Kingsgate
(S). West Seattle (U) had the same number of pedestrians; Oakbrook (S) had only slightly
more pedestrians on weekdays than on weekends. These variations must be considered in
light of the limited time during which counts were performed.

Variability by Weather Conditions .

Because weather is known to affect pedestrian travel volumes, temperature and
sky conditions were recorded for ail counting times. Counting was typically done only on
sunny and warm days to capture pedestrian volumes under the best conditions. As noted,
however, unusually wet spring and hot summer conditions may have affected some of the
pedestrian volumes. Nevertheless, it is unlikely that the atypical weather conditions
affected the basic findings of this study. The following comments concern the daily
recorded weather as it related to hourly pedestrian volumes for weekdays, weekends, or
the combined total.

Four urban sites—Queen Anne, Ballard, Wallingford, and Madison Park—

consistently had the four highest actual pedestrian volumes (pedestrians per hour). The
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Ballard and Madison Park counts were not conducted on any days with atypical weather
patterns. The Queen Anne Saturday counts, which were especially high, took place on a
sunny September day that followed many days of cold rain. People clearly came out to
enjoy the break in the weather, and it is likely that counts would have been lower under a
different weather pattern. However, weekday counts in Queen Anne, which were made
under normal weather conditions, were high enough in comparison to other urban si£es to
consider the overall pedestrian volumes for this site reliable.

The Wallingford (U) and Proctor (U) Saturday counts took place on extremely hot
days for the Seattle region, which may explain the comparatively lower counts for these
sites. In this case, again, however, overall counts for both Wallingford and Proctor remain |
reliable when compared to the weekday counts of the other urban sites.

Two suburban sites, Juanita (S) and Kingsgate (S), consistently had the lowest
hourly pedestrian volumes, although the order changed for weekdays, weekends, and the
combined total. Only the Kingsgate weekend counts occurred on a day with atypical (hot)
weather. Because Kingsgate’s weekday counts were also the lowest counts of all
weekday counts, it is likely that better weather conditions for the Saturday counts in this
site would not have modified the overall performance of the site.

In Crossroads (S), weekend counts occurred on the same hot day as at Kingsgate,
and counts were lower than the Crossroads’ weekday counts. Crossroads could have
performed better under more favorable weather conditions. However, given a comparison
of weekday counts among Crossroads, Proctor (U), and West Seattle (U), it is unlikely
that the Crossroads’ weekend counts wou<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>